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Preface

New technologies, globalization and individualization of customer demands, as well as high quality of modern products,
are forcing industrial enterprises to improve their processes of product development. This implies the support of enterprise
processes throughout the product lifecycle, from the product idea through product development, manufacturing,
improvement and quality assurance to maintenance during operation. Processes of product development are more than just
usual engineering. A product portfolio must be analyzed and product concept must be examined from the aspect of its
realization. This requires linking internal domain with external teams. New products must be introduced to market with
high quality and low development costs. The prerequisite for development of high quality products and high productivity
manufacturing is to master the knowledge, which is a result of research in science and technology.

The aim the 7th International Scientific Conference “Research and Development of Mechanical Elements and Systems”
2011 in Zlatibor is:
e to gather experts and researchers in the field of scientific research and industrial product development;
e to present new design solutions related to energy efficiency, application of available resources, product price
reduction, ...
e to exchange knowledge and experience, through presentations of research results and expert information, with the
aim of stimulating industrial activities in the region.

Participant countries

The best 114 abstracts were selected among 154 submitted by authors from Europe und Asia. The lectures came from
Austria, Bosnia and Herzegovina, Belorus, Bulgaria, France, Germany, Greece, Croatia, Czech Republic, Hungary, Italy,
Kazakhstan, Macedonia, Montenegro, Poland, Romania, Russia, Serbia, Slovakia, Slovenia and Spain. The presentations
emphasize future trends in area research and development of mechanical elements and systems and cover the following
topics:
Industrial Product Development
Computer Added Product Development - CAPD
Mechatronics and Automatic Control
Safety, Quality and Reliability
Materials, Technology and Tribology
Vibration and Noise, Testing and Monitoring

e  Mechanical Systems and Components
The conference offers the possibility for participants to discuss the presented results in detail and share their experience.

Conference President
Prof.Dr.-Ing. Vojislav Miltenovi¢, Full Professor, Machines Development and Construction Centre (CERP), University of

Ni$, Faculty of Mechanical Engineering, Ni$, Serbia






CONTENTS

Plenary Session

INGENIEURAUSBILDUNG IM GEBIET PRODUKTENTWICKLUNG
Vojislav MILTENOVIC, University of Nis, Mechanical Engineering Faculty, Nis, Serbia
Radivoje MITROVIC, University of Belgrade, Mechanical Engineering Faculty, Belgrade, Serbia

DESIGN OF MECHANICAL STRUCTURES ELEMENTS

Nenad MARJANOVIC, Blaza STANOJEVIC, Zorica DJORDJEVIC, University of Kragujevac, Faculty of
Mechanical Engineering, Kragujevac, Serbia

Biserka ISAILOVIC, Svetogorska 11/36, Kragujevac

e  SPIROID GEARBOXES FOR ACTUATORS OF PIPELINE VALVES VI
Veniamin GOLDFARB, Eugene TRUBACHEV, Dmitry GLAVATSKIKH, Andrey KUZNETSOV,
Institute of Mechanics, 1zhevsk State Technical University, Izhevsk, Russia
e CRITICAL LOAD CONDITIONS FOR CONTACT STRESS CALCULATIONS OF UNDERCUT X1
HELICAL GEAR TEETH i
José |. PEDRERO, Miguel PLEGUEZUELOS, Miryam SANCHEZ, Departamento de Mecanica, UNED,
Madrid, Spain.
Vicente YAGUE, Mecéanica Aplicada E Ingenieria Proyectos, Universidad de Castilla — La Mancha,
Albacete, Spain
Industrial Product Development
1.1. MULTYDISCIPLINARY CONCEPTUAL DESIGN, CASE STUDY 1
Milosav OGNJANOVIC, Sanja VASIN, University of Beograd, Mechanical Engineering Faculty, Beograd
1.2. THE DESIGN OF A FORMULA STUDENT RACE CAR 7
Athanassios MIHAILIDIS, loannis NERANTZIS, Georgios KARAOGLANIDIS, Aristotle University of
Thessaloniki, Faculty of Engineering Laboratory of Machine Elements & Machine Design, Thessaloniki,
Greece
Zissis SAMARAS, George FONTARAS, Aristotle University of Thessaloniki, Faculty of Engineering
Laboratory of Applied Thermodynamics, Thessaloniki, Greece
13. GLOBAL PRODUCT REALIZATION OF A PROSTHETIC KNEE FOR ALPINE SKIING 17
Ivan DEMSAR, JoZze DUHOVNIK, University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana,
Slovenia _
Zmago VIDRIH, ART-LEG d.o.0., Zalec, Slovenia
14. SYSTEM APPRQACH TO SOLVI!\IG BRAKE NVH ISSUES’ ) ) 25
Jasna GLISOVIC, Miroslav DEMIC, Danijela MILORADOVIC, Dobrivoje CATIC, University of
Kragujevac, Faculty of Mechanical Engineering, Kragujevac, Serbia
15.  SYNERGY OF EDUCATIONAL — SCIENTIFIC INSTITUTIONS WITH SMALL AND MEDIUM 33
ENTERPRISES IN PRODUCT DEVELOPMENT TASKS ) -
Dragan MILCIC, Miroslav MIJAJLOVIC, Marko RISTIC, Dalibor STEVANOVIC, Miodrag MILCIC,
University of Ni§, Faculty of Mechanical Engineering, Ni$, Serbia
1.6. GENERATING NEW PRODUCTS ACCORDING TO INTERNATIONAL STANDARDS AND 39
COMPETITIVE AUTOMOTIVE MARKET )
Sa%a RANDJELOVIC, Miroslav TRAJANOVIC, University of Ni§, Mechanical Engineering Faculty, Nis§,
Serbia
Bratislav DENIC, Serbian Railway Company, Belgrade, Serbia
1.7. ASTUDY ON WORK OF DISLOCATED TEAMS: VIRTUAL PROJECT REALISATION 43
Biljana MARKOVIC, University of East Sarajevo, Mechanical Faculty, Republic of Srpska, Bosnia and
Herzegovina )
Dragan MILCIC, Miroslav MIJAJLOVIC, University of Ni§, Faculty of Mechanical Engineering, Ni$, Serbia
1.8. INTEGRATION OF TOPOLOGY AND SHAPE OPTIMIZATION INTO THE PROCESS OF THE 49




1.9. MODERN WASTE TYRE RECYCLING SYSTEM o 57
Petar S. PEKIC, Dragan TEMELJKOVSKI, Bojan RANCIC, University of Ni§, Mechanical Engineering
Faculty, Ni§, Serbia
Stojan¢o NUSEV, University St. Kliment Ohridski Bitola, Faculty of Engineering, Bitola, Macedonia
Computer Aided Product Development - CAPD
2.1. IMPLEMENTATION OF GEOMETRICALLY NONLINEAR FEM-FORMULATIONS IN MBS 63
SOFTWARE PACKAGE ADAMS
Dragan MARINKOVIC, Berlin Institute of Technology,Department of Structural Analysis, Berlin, Germany
University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia
Manfred ZEHN, Berlin Institute of Technology, Department of Structural Analysis, Berlin, Germany
2.2.  ANALYSIS OF AN AUTOMATIC WRAPPING MACHINE: NUMERICAL MODELS AND 69
EXPERIMENTAL RESULTS
Giangiacomo MINAK, Cristiano FRAGASSA, University of Bologna, DIEM department, Bologna, Italia
Zlatan SOSKIC, Snezana CIRIC KOSTIC, University of Kragujevac, Faculty of Mechanical Engineering,
Kraljevo, Serbia
2.3.  MODELING AND SIMULATION OF OFF - ROAD VEHICLE WITH FOUR WHEEL STEERING 77
(4 WS)
Stanislav PEHAN, Joze FLASKER, University of Maribor, Mechanical Engineering Faculty, Maribor,
Slovenia
Shpetim LAJQI, University of Prishtina, Mechanical Engineering Faculty, Kosovo (UNMIK 1244)
Joze PSENICNIK, RTC - Automotive Research & Development Center, Maribor, Slovenia
2.4. DYNAMIC BEHAVIOR OF DAMAGED STRUCTURE OF CRANE IN THE FOLLOWING 85
INCIDENTAL EVENT
Goran RADOICIC, PUC “Mediana”, Nis, Serbia
Predrag MILIC, Miomir JOVANOVIC, University of Ni$, Faculty of Mechanical Engineering, Ni$, Serbia
25. LOW CYCLE FATIGL}E AND ELASTO-PLASTIC MATERIAL BEHAVIOUR SIMULATION 89
Marina FRANULOVIC, Robert BASAN, BoZidar KRIZAN, University of Rijeka, Faculty of Engineering,
Dept. of Mechanical Engineering Design, Rijeka, Croatia
2.6. A WEB-BASED MATERIAL PROPERTIES DATABASE AND SYSTEM FOR ESTIMATION OF 95
MATERIAL PARAMETERS - CONCEPT AND IMPLEMENTATION
Robert BASAN, Marina FRANULOVIC, Bozidar KRIZAN, University of Rijeka, Faculty of Engineering,
Dept. of Mechanical Engineering Design, Rijeka, Croatia
Ivan PREBIL, University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia
2.7. MODELLING AND SIMULATION OF ENERGY EFFICIENT SERVO PNEUMATIC SYSTEM WITH 99
SEMI-ROTARY ACTUATOR ) )
Vladislav BLAGOJEVIC, Miodrag STOJILJKOVIC, Dusan PETKOVIC, University of Ni§, Faculty of
Mechanical Engineering, Ni§, Serbia
2.8. DEVELOPING OF INTEGRATED PLATFORM FOR SYSTEMS PLANNING, MODELLING, 103
DESIGNING, SIMULATION AND MONITORING
SaSa MARKOVIC, Predrag MILIC, Nikola PETROVIC, University of Ni§, Faculty of Mechanical
Engineering, Ni§, Serbia
2.9. ARTIFICIAL INTELLIGENCE IN CAM MODELING OF ASSEMBLY OPERATIONS OF TANK 109
WAGONS ) ) )
Marina PLJAKIC, Nemanja ILIC, Arandel BABIC, University of Kragujevac, Faculty of Mechanical
Engineering, Kraljevo, Serbia
2.10. INTELIGENT CAD DESIGN AND ASSEMBLY PLAN OF MILLING HEADS 113
Nemanja ILIC, Marina PLJAKIC, Arandel BABIC, University of Kragujevac, Faculty of Mechanical
Engineering, Kraljevo, Serbia
2.11. ALMANAC OF INFORMATION MATERIALS, 3D IMAGES, ANIMATIONS AND OTHER 119

VISUALIZATIONS AS AN AID IN STUDYING MACHINE ELEMENTS
Peter NENOV, Vyarka RONKOVA, Emilia ANGELOVA, Trifon TRIFONOV, University of Ruse, Faculty
of Transport, Ruse, Bulgaria



2.12. SOFTWARE PACKAGE FOR KINEMATICS AND DYNAMIC ANALYSIS AND SYNTHESIS OF 127
CAM MECHANISMS WITH ROLLER TRANSLATOR FOLLOWER
Tale GERAMITCIOSKI, Ljupco TRAJCEVSKI, University “Sv. Kliment Ohridski” Bitola, Technical
Faculty Bitola, Macedonia
2.13. THE MECHANISM OF DRAG REDUCTION DUE TO A STEADY PERTURBATION IN THE WAKE 133
OF A BLUFF BODY )
Vladimir PAREZANOVIC, ParisTech, Ecole Polytechnique, Palaiseau, France
Olivier CADOT, Romain MONCHAUX, ParisTech, ENSTA-UME, Palaiseau, France
2.14. FE MODEL OF STEEL BRANCHED TUBE IN PIPELINES UNDER CRTICAL WORKING PREASURE 139
Jelena MILISAVLIEVIC, Petar DEKIC, Dusan MARKOVIC, Mladen TOMIC, University of Ni§,
Mechanical Engineering Faculty, Ni§, Serbia
2.15. SIMULATION OF SELF-ORGANIZING MAPS FOR SOLVING TRAVELLING SALESMAN 145
PROBLEM ) '
Danijel MARKOVIC, Milos MADIC, University of Nis, Mechanical Engineering Faculty, Nis, Serbia
Sonja STOJKOVIC, University of Ni§, Faculty of Economics of Ni$, Serbia
2.16. UNSTEADY COUETTE-POISEUILLE FLOW SIMULATION WITH FAVORABLE AND ADVERSE 151
PRESSURE GRADIENTS )
Milo§ M. JOVANOVIC, Jelena D. NIKODIJEVIC, University of Nis, Mechanical Engineering Faculty, Nis,
Serbia
Mechatronics and Automatic Control
3.1. ADVANCED PID CONTROLLER DESIGN FOR CONTINUOUSLY VARIABLE TRANSMISSION 157
Vlastimir NIKOLIC, Zarko COJBASIC, Predrag RAJKOVIC, Ivan CIRIC, Emina PETROVIC,
University of Ni§, Mechanical Engineering Faculty, Ni§, Serbia
3.2. STUDIES ON THE ALGHORITHM OF SIZING AND CHOOSING LINEAR MOTORS USED IN DRIVE 163
OF THE MACHINE TOOLS
Stefan VELICU, Lucian MIHAI, Alexandru VELICU, University Politechnica of Bucharest, Engineering
and Technological Systems Management Faculty, Bucharest
3.3. DIMENSIONAL SYNTHESIS OF COMPLIANT SPRING GUIDING SYSTEMS 167
Nenad T. PAVLOVIC, Nenad D. PAVLOVIC, Milo§ MILOSEVIC, University of Ni§, Mechanical
Engineering Faculty, Nis, Serbia
3.4.  SIMULATIONS AS BASIS FOR DEVELOPMENT OF CONTAINER CRANE CONTROL SYSTEMS 175
Milosav GEORGIJEVIC, Vladimir BOJANIC, Goran BOJANIC, University of Novi Sad, Faculty of
Technical Sciences, Novi Sad, Serbia
3.5.  ON RESEARCHING TRANSMISSION CONTROL PROTOCOL VIA Q-CALCULUS 183
Predrag RAJKOVIC, Vlastimir NIKOLIC, Srdan MATIC, University of Ni$, Mechanical Engineering
Faculty, Ni§, Serbia
3.6. OPTIMUM MANIPULATOR MOBILITY, SIMULATED BY USING MATLAB/SIMULINK AND 187
VIRTUAL REALITY TOOLBOX
Hristijan MICKOSKI, lvan MICKOSKI, Faculty of Mechanical Engineering, Ss Cyril and Methodius
University, Skopje, Republic of Macedonia
Blagoj PAVLOV, Faculty of Technical Sciences - Bitola, University “Sv. Kliment Ohridski*, Bitola,
Macedonia
3.7.  SUBSTITUTION OF PRISMATIC PAIR AT CAR WINDOW REGULATOR 191
Misa TOMI(;, Neqad D. PAVLOVIC, University of Ni§, Mechanical Engineering Faculty, Ni$, Serbia
Bojan VUKCEVIC, Podgorica, Montenegro
3.8. FAILURES OF MECHATRONIC MODULES OF MOTION 195

Eugeni SHALOBAEV, Dmitri SURIKOV, National Research University of Information Technologies,
Mechanics and Optics “ITMO”, Academy “LIMTU”, Saint-Petersburg, Russia

Vladimir RASPOPOV, Vladimir KUKHAR, Tula State University, Tula, Russia

Victor STARZHINSKY, V.A. Belyi Metal-Polymer Research Institute of National Academy of Sciences of
Belarus, Gomel, Belarus



3.9.

3.10.

EMBODIMENT DESIGN STEPS FOR AN AZIMUTHAL PV TRACKING SYSTEM WITH
ROTATIONAL AND LINEAR ACTUATORS

Radu VELICU, Gheorghe MOLDOVEAN, Transilvania University of Brasov, Faculty of Product Design
and Environment, Brasov, Romania

RADIO SHUTTLE RACKING — NEW GENERATION OF HIGH DENSITY STORAGE SYSTEM
Rodoljub VUJANAC, Nenad MILORADOVIC, Radovan SLAVKOVIC, University of Kragujevac, Faculty
of Mechanical Engineering, Kragujevac, Serbia

199

205

Safety, Quality and Reliability

4.1.

4.2.

4.3.

44.

45.

4.6.

4.7.

4.38.

4.9.

4.10.

4.11.

4.12.

AUTOMATION IN DESIGN AND ANALYSIS OF HYDRAULIC CILINDERS
Lubomir DIMITROV, Petko NEDYALKOV, Aleksandar TODOROQV, Technical University of Sofia,
Mechanical Engineering Faculty, Sofia, Bulgaria

INFLUENCE OF TRANSITION SECTION OF SHAFT WITH FLANGE ON STRESS
CONCENTRATION FACTOR

Ivana ATANASOVSKA, Institut Kirilo Savi¢, Belgrade, Serbia

Radivoje MITROVIC, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia
Dejan MOMCILOVIC, Institute IMS, Belgrade, Serbia

EXPERIMENTAL DETERMINATION OF STRESS CONCENTRATION INFLUENCE ON WELDED
CONSTRUCTIONS STABILITY

Andreja ILIC, Danica JOSIFOVIC, Vukié¢ LAZIC, Lozica IVANOVIC, University of Kragujevac, Faculty
of Mechanical Engineering, Kragujevac, Serbia

DESIGN FOR RELIABILITY OF AUTOMOTIVE GEARBOXES

Milosav OGNJANOVIC, University of Belgrade, Faculty of Mechanical Engineering, Machine Elements &
Machine Design, Belgrade, Serbia

Miroslav MILUTINOVIC, University of East Sarajevo, Faculty of Mechanical Engineering, Istocno
Sarajevo, Republic Srpska, Bosnia and Herzegovina

APPLICATION OF THE MODAL ANALYSIS IN IDENTIFICATION OF VIBRATIONS WITHIN
CONSTRUCTION OF MECHANICAL SYSTEM

Radomir SLAVKOVIC, Zvonko JUGOVIC, Nedeljko DUCIC, Ivan MILICEVIC, Marko POPOVIC,
University of Kragujevac, Technical Faculty Cacak, Serbia

DESIGN FOR RELIABILITY OF PLANETARY GEAR DRIVE FOR BUCKET WHEEL EXCAVATOR
Milosav OGNJANOVIC, Milos RISTIC, University of Belgrade, Faculty of Mechanical Engineering,
Beograd, Serbia

THE EFFECT OF GEOMETRY ON THE STRESS DISTRIBUTION OF CROSS SHAFT
Katarina ZIVKOVIC, Lozica IVANOVIC, Blaza STOJANOVIC, University of Kragujevac, Mechanical
Engineering Faculty, Kragujevac, Serbia

CRACK INITIATION LIFE OF TURBOJET ENGINE DISKS EXPRESSED IN EQUIVALENT CYCLES
Strain POSAVLJAK, Milosav DJURDJEVIC, University of Banja Luka, Faculty of Mechanical
Engineering, Republic of Srpska, Bosnia and Herzegovina

Miodrag JANKOVIC, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

WEAR PROBABILTY TESTING OF PLANETARY DRIVE GEAR SATELLITES
Predrag ZIVKOVIC, University of Pristina, Faculty of Technical Science, Kosovska Mitrovica, Serbia

REALIABILITY OF TRANSPORTATION BELT ROLLERS USED ON THE SURFACE COAL DIG
Gradimir IVANOVIC, Mechanical Engineering Faculty, University of Beograd, Belgrade, Serbia
Dragan JOVANOVIC, PD Termoelektrane i kopovi Kostolac, Kostolac, Serbia

Radivoje MITROVIC, Mechanical Engineering Faculty, University of Beograd, Belgrade, Serbia

RESEARCH OF THE FORCE VALUES DEPENDENCES IN HYDRO CYLINDERS OF THE MOBILE
ELEVATING WORK PLATFORM ARTICULATED BOOM ON THE WORK POSITION AND LOAD
WEIGHT

Nebojsa ZDRAVKOVIC, Milomir GASIC, Mile SAVKOVIC, Dragan PETROVIC, University of
Kragujevac, Faculty of Mechanical Engineering Kraljevo, Kraljevo, Serbia

ANALYSIS OF THE INFLUENCE OF LOCAL STRESS ON THE CARRYING CAPACITY OF BOX
BEAMS

Mirko DPELOSEVIC, Milomir GASIC, Mile SAVKOVIC, Dragan PETROVIC, Milan BIZIC, University of
Kragujevac, Mechanical Engineering Faculty, Kraljevo, Serbia

209

213

219

225

231

239

245

253

259

265

271

279



4.13.

4.14.

CALCULUS OF METALIC AND STEEL-CONCRETE MIXED STRUCTURES AT FIRE ACTION
Afronie Eugen-MARIUS, Tiberiu Stefan MANESCU, Chivu ADRIAN, “Eftimie Murgu” University of
Resita Mechanics Department, Resita, Romania

ANALYSIS OF CRITICAL LOAD OF THE ORTHOTROPIC PLATE STRUCTURES
Radoljub TOMIC, “Prva Petoletka-S&R™ JSC, Trstenik, Serbia
Predrag PETROVIC, Tomislav JOVANOVIC, Institute “Kirilo Savi¢”, Belgrade, Serbia

285

289

Materials, Technology and Tribology

5.1.

5.2.

5.3.

54.

5.5.

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

PRECISION MEASURING TECHNOLOGY AND PROCESS SIMULATION IN THE
PRODUCTION OF WORM WHEELS

Joerg HERMES, Siemens Geared Motors GmbH, Tuebingen, Germany

Wolfgang PREDKI, Ruhr University, Bochum, Germany

FRICTION GENERATED HEAT AND ITS EFFECTS IN LUBRICANTLESS PNEUMATIC DRIVES
SEALS

Geanina PODARU, lulian Gabriel BIRSAN, Sorin CIORTAN, Lorena DELEANU, University of Galati,
Mechanical Engineering Faculty, Galati, Romania

NEUE WEGE ZUR SCHADENSIDENTIFIKATION AN BAUTEILEN AUS
FASERVERBUNDWERKSTOFFEN

Tobias KAMPF, Manfred W. ZEHN, Berlin Institute of Technology, Department of Structural Analysis,
Berlin, Germany

Dragan MARINKOVIC, University of Ni$, Faculty of Mechanical Engineering, Nis, Serbia

Berlin Institute of Technology, Department of Structural Analysis, Berlin, Germany

INFLUENCE OF HEAT TREATMENT ON THE SCC OF MARTENSITIC STAINLESS STEEL
Goran RADENKOVIC, DuSan PETKOVIC, Vladislav BLAGOJEVIC, University of Ni§, Mechanical
Engineering Faculty, Ni$, Serbia

RESEARCHING AND TESTING OF RUBBER-METAL SUSPENSION
DuSan STAMENKOVIC, Milo§ MILOSEVIC, Nenad T. PAVLOVIC, University of Ni§, Mechanical
Engineering Faculty, Ni§, Serbia

INFLUENCE KIND OF THE MATERIAL AND ANGLE OF FIBRES ORIENTATION ON STRESS AND
STRAIN ANALYSIS OF COMPOSITE SHAFT

Nenad KOSTIC, Zorica PORDEVIC, Mirko BLAGOJEVIC, Nenad MARJANOVIC, University of
Kragujevac, Mechanical Engineering Faculty, Kragujevac, Serbia

INFLUENCE OF THE TECHNOLOGICAL HOLE IN WELDING PLATES ON WELD CREATION AND
HEAT GENERATION DURING FRICTION STIR WELDING

Miroslav MIJAJLOVIC, Dragan MILCIC, Boban ANDELKOVIC, University of Ni§, Mechanical
Engineering Faculty, Ni§, Serbia

Aleksandar ZIVKOVIC, EWE, IWE, GOSA FOM, Smederevska Palanka, Serbia

SOME SPECIFIC FEATURES OF A POLYMER COMPOSITES STAMPING PROCESS
Predrag JANKOVIC, Bojan RANCIC, University of NiS, Mechanical Engineering Faculty, NiS, Serbia

HEREDITARY PROPERTIES OF ACTIVE AND INACTIVE TOOTH FLANKS REGENERATED
BY TIG HARD FACING METHOD

Svetislav Lj. MARKOVIC, Technical College, Cacak, Serbia

Tatjana LAZOVIC, Aleksandar MARINKOVIC, University of Belgrade, Faculty of Mechanical
Engineering, Belgrade, Serbia

Slobodan TANASIJEVIC, University of Kragujevac, Faculty of Mechanical Engineering, Kragujevac,
Serbia

RESEARCH OF VARIABLE BLANK HOLDER FORCE INFLUENCE ON SQUARE DRAWING
PROCESS FROM TAILOR-WELDED BLANKS

Peter KOVAC, Ludmila KRSIAKOVA, Peter ZEMKO, Slovak University of Technology, Faculty of
Materials Science and Technology, Trnava, Slovakia

THE STRUCTURE OF FLEXIBLE MANUFACTURING UNIT ) 5
Ljubinko JANJUSEVIC, Marina KUTIN, Miroslav RADOSAVLIEVIC, GOSA Institute, Belgrade, Serbia

MECHANICAL PROPERTIES OF FABRIC REINFORCED COMPOSITES
Vasile BRIA, Victor UNGUREANU, Igor ROMAN, lulian-Gabriel BIRSAN, Adrian CIRCIUMARU,
Dunarea de Jos University, Mechanical Engineering Faculty, Galati, Romania

293

299

305

311

315

321

327

333

339

345

349

355



5.13.

5.14.

5.15.

TRIBOLOGICAL ANALYSIS OF FABRIC REINFORCED COMPOSITES
Igor ROMAN, Vasile BRIA, Victor UNGUREANU, Adrian CIRCIUMARU, lulian-Gabriel BIRSAN,
Dunarea de Jos University, Mechanical Engineering Faculty, Galati, Romania

PHYSICAL PROPERTIES OF CLAY-TALC/EPOXY COMPOSITES
Victor UNGUREANU, Igor ROMAN, Vasile BRIA, lulian-Gabriel BIRSAN, Adrian CIRCIUMARU,
Dunarea de Jos University, Mechanical Engineering Faculty, Galati, Romania

3C-SIC FILMS GROWN ON 4H- AND 6H-SIC SUBSTRATE MESAS DURING STEP-FREE SURFACE
HETEROEPITAXY

Cristiana VOICAN, Technical College of Bucharest, Romania

C.D. STANESCU, Polytechnic University of Bucharest, Romania

Carmen GHEATA, Technical College of Bucharest, Romania

359

363

367

Vibration and Noise, Testing and Monitoring

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

LABORATORY INSTALLATION FOR BELT CONVEYORS IDLERS TESTING ON SERVO
HYDRAULIC TESTING MACHINE ZWICK HB-250

Radivoje MITROVIC, Zoran STAMENIC, Zarko MISKOVIC, University of Belgrade, Faculty of
Mechanical Engineering, Belgrade, Serbia

Milan TASIC, Tehnikum Taurunum, College of applied sciences, Belgrade, Serbia

TEST BED F’OR EXPERIMENTAL RESEARCH ON WIND TURBINE DRIVE TRAIN BASED ON CVT
Milan BANIC, Vojislav MILTENOVIC, Miodrag VELIMIROVIC, Aleksandar MILTENOVIC, Dejan
RANDELOVIC, University of Ni§, Mechanical Engineering Faculty, Ni§, Serbia

INSTALLATION FOR CARRIER ROLLER IDLERS OF BELT CONVEYORS TESTING ON THE OPEN
PIT MINING

Radivoje MITROVIC, Zoran STAMENIC, Zarko MISKOVIC, University of Belgrade, Faculty of
Mechanical Engineering, Belgrade, Serbia

Milan TASIC, Tehnikum Taurunum, College of applied sciences, Belgrade, Serbia

Dragan JOVANOVIC, PD Termoelektrane i kopovi Kostolac d.0.0., Kostolac, Serbia

DETERMINATION OF RESIDUAL LIFE OF FINE-MODULE GEARS

Oleg BERESTNEYV, Nikolai ISHIN, Arkadi GOMAN, Andrei SKOROKHODOV, Joint Institute of
Mechanical Engineering of the NAS of Belarus, Scientific and Technical Center “Mechanical Engineering”,
Minsk, Republic of Belarus

Victor STARZHINSKY, V.A. Belyi Metal-Polymer Research Institute of National Academy of Sciences of
Belarus, Gomel, Belarus

ON THE METHODS TO MEASURE THE REAL LOADING AT MECHANICAL SYSTEMS

George DOBRE, Radu Florin MIRICA, University POLITEHNICA of Bucharest, Faculty of Mechanical
Engineering and Mechatronic, Bucharest, Romania

Radu ONOFREI, IMSAT Group SNEF, Complex Project Division, Bucharest, Romania

SUSTAINABLE APPROACH FOR PERFORMANCE MEASUREMENT OF MECHANICAL AND
AUTOMATED SYSTEMS

Roumiana ILIEVA, Todor NESHKOV, Lubomir DIMITROV, Technical University of Sofia, Faculty of
Management, Sofia, Bulgaria

ROLLING BEARING VIBRATION DETECTION — CASE STUDIES
Tale GERAMITCIOSKI, Ljupco TRAJCEVSKI, Vangelce MITREVSKI, University “Sv. Kliment Ohridski”
Bitola, Technical Faculty Bitola, Macedonia

INDENTIFICATION OF LOAD SPECTRUM FOR DRIVING SYSTEM OF BUCKET EXCAVATOR
WORKING WHEEL

Slobodan MILADINOVIC, Technical College of Kosovska Mitrovica, Serbia

Porde MILTENOVIC, Textile College of Leskovac, Leskovac, Serbia

TEST STAND FOR CALIBRATION OF MEASUREMENT RAILWAY WHEELSETS

Milan BIZIC, Dragan PETROVIC, University of Kragujevac, Faculty of Mechanical Engineering, Kraljevo,
Serbia

Milo§ TOMIC, University of Beograd, School of Electrical Engineering, Belgrade, Serbia

Zoran BPINOVIC, Vienna University of Technology, Institute for Sensors and Actuators Systems, Wien,
Austria, Integrated Microsystems Austria GmbH, Wiener Neustadt, Austria

371

377

383

389

395

401

407

413

419



6.10.

6.11.

6.12.

6.13.

VIBROACOUSTIC MONITORING OF TRIBOENGINEERING PARAMETERS UPON ACCELERATED
TESTING OF DINAMICALLY LOADED GEAR DRIVES

Vladimir BASINIUK, Elena MARDOSEVICH, Joint Institute of Mechanical Engineering of National
Academy of Sciences, Minsk, Belarus

Victor STARZHINSKY, Andrei GRIGORIEV, V.A. Belyi Metal-Polymer Research Institute of National
Academy of Sciences of Belarus, Gomel, Belarus

OPTIMAL PREVENTIVE MAINTENANCE USING THE THEORY OF MARKOV PROCESSES AND
GENETIC ALGORITHMS

Goran PETROVIC, Zarko COJBASIC, Zoran MARINKOVIC, University of Ni§, Mechanical Engineering
Faculty, Ni§, Serbia

PROCEDURES OF DIAGNOSTICS AND TESTING THE TWO STAGE CONE CYLINDRICAL GEAR
REDUCER

Svetislav Lj. MARKOVIC, Technical College, Cacak, Serbia

Danica JOSIFOVIC, Svetislav JOVICIC, University of Kragujevac, Faculty of Mechanical Engineering,
Kragujevac, Serbia

Mitar MILOSEVIC, Termoelektrana Gacko, Republic Srpska, Bosnia and Herzegovina

PIC MICROCONTROLLERS IN ROTATION SYSTEM CONDITION MONITORING
Milo§ MILOVANCEVIC, Jelena STEFANOVIC MARINOVIC, Vlastimir POKIC, University of Ni§,
Mechanical Engineering Faculty, Ni§, Serbia

425

431

437

443

Mechanical Systems and Components

7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

7.7.

7.8.

OPERATING EXPERIENCE WITH THE OPTIMISED CVT HYBRID DRIVELINE
Bernd-Robert HOHN, Karsten STAHL, Hermann PFLAUM, Thomas DRAXL, Technische Universitit
Miinchen, Gear Research Centre (FZG), Garching, Germany

TRANSMISSIONS FOR AVIATION - PRODUCTS WITH SPECIAL TRIBOLOGICAL
REQUIREMENTS

Michael WEIGAND, Vienna University of Technology, Institute for Engineering Design and Logistics
Engineering, Vienna, Austria

EFFICIENCY MODELS OF WIND TURBINES GEARBOXES WITH HYDROSTATIC CVT
Carlo GORLA, Paolo CESANA, Politecnico di Milano, Department of Mechanical Engineering, Milano,
Italia

PROPOSAL OF ASSESSMENT METHOD FOR THE CONCEPTUAL DESIGN OF UNIVERSAL
HELICAL GEAR REDUCERS )

Milan RACKOV, Sinisa KUZMANOVIC, University of Novi Sad, Faculty of Technical Sciences, Novi Sad,
Serbia

SPECIALLY SHAPED SPUR GEARS A STEP TOWARDS USE IN MINIATURE MECHATRONIC
APPLICATIONS
Gorazd HLEBANJA, University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia

NUMERICAL MODELING OF SPUR GEAR FRICTIONAL HEAT
Janko D. JOVANOVIC, Rados B. BULATOVIC, University of Montenegro, Faculty of Mechanical
Engineering, Podgorica, Montenegro

PREDICTION OF THIN-RIM GEARS BENDING FATIGUE CRACK INITIATION LIFE

Milan OPALIC, Kre$imir VUCKOVIC, Dragan ZEZELJ, University of Zagreb, Faculty of Mechanical
Engineering and Naval Architecture, Zagreb, Croatia

Stjepan RISOVIC, University of Zagreb, Forestry Faculty, Zagreb, Croatia

THE EFFECT OF CYLINDRIC EVOLVING GEARS PROFILE DISPLACEMENT ON POWER
TRANSMISSION

Aleksandar MARIC, University “UNION” of Belgrade, Faculty of Business & Industrial, Management,
KruSevac, Serbia

Dragoljub SEVIC, University of Novi Sad, Faculty of Engineering, Novi Sad, Serbia

Ljubodrag PORDEVIC, High school for Mechanical Engineering, Trstenik, Serbia

447

453

461

469

475

481

487

493



7.9.

7.10.

7.11.

7.12.

7.13.

7.14.

7.15.

7.16.

7.17.

7.18.

7.19.

7.20.

7.21.

7.22.

GEAR CONTINUOUSLY VARIABLE TRANSMISSION OF WINDTURBINE

Konstantin IVANOV, Almas DINASSYLOV, Almaty University of Power Engineering and
Telecommunications, Faculty of Information Technology, Almaty, Kazakhstan

Elena YAROSLAVCEVA, Saint-Petersburg University of Technology and Design, Information Faculty, St.
Petersburg, Russia

LOADED TOOTH CONTACT ANALYSIS IN FACE-HOBBED SPIRAL BEVEL GEARS
Vilmos SIMON, Budapest University of Technology, Faculty of Mechanical Engineering, Budapest, Hungary

ON THE INFLUENCE OF GEOMETRY OVER THE TRANSVERSE LOAD FACTOR FOR BENDING
STRESS OF THE STRAIGHT BEVEL GEARS APPLIED TO A PV TRACKING SYSTEM

Gheorghe MOLDOVEAN, Radu VELICU, Bianca R. BUTUC, Transilvania University of Brasov, Faculty of
Product Design and Environment, Brasov, Romania

NOMINAL MASS CRITERIA FOR MANIPULATOR OPTIMIZATION OF MOBILE MACHINES
Dragoslav JANOSEVIC, Nikola PETROVIC, Predrag MILIC, Vesna NIKOLIC, University of Nis,
Mechanical Engineering Faculty, Ni$, Serbia

INFLUENCE OF THE PROFILE SHAPE OF BARREL ON WORK PROPERTIES OF SMALL ARMS
Desimir JOVANOVIC, Zastava arms, Kragujevac, Serbia

Milomir CUPOVIC, State University of Novi Pazar, Novi Pazar, Serbia

Bogdan NEDIC, University of Kragujevac, Faculty of Mechanical Engineering, Kragujevac, Serbia

AN APPLICATION OF OPTIMAL SOLUTION CHOOSING METHODS IN PLANETARY GEAR
TRANSMISSION OPTIMIZATION

Jelena STEFANOVIC-MARINOVIC, Milo§ MILOVANCEVIC, University of Ni§, Mechanical Engineering
Faculty, Ni$, Serbia

EFFECT OF EXTERNAL LOADS AT THE OUTPUT SHAFT END OF UNIVERSAL WORM GEAR
REDUCER ON ITS THERMAL CAPACITY

Branimir BARISIC, University of Rijeka, Faculty of Engineering, Rijeka, Croatia

Sinisa KUZMANOVIC, Milan RACKOV, University of Novi Sad, Faculty of Technical Sciences, Novi Sad,
Serbia

FEM UNTERSUCHUNGEN DER VERSCHLEIR UND TRAGBILD DER SCHRAUBRADGETRIEBE
Wolfgang PREDKI, Ruhr University, Bochum, Germany
Aleksandar MILTENOVIC, University of Ni§, Mechanical Engineering Faculty, Ni§, Serbia

CONTRIBUTIONS TO THE STRUCTURAL SYNTHESIS OF THE DOUBLE HARMONIC
TRANSMISSION

Sava IANICI, Draghita IANICI, Liviu COMAN, Eftimie Murgu University of Resita, Faculty of Engineering,
Resita, Romania

STRESS AND STRAIN STATE OF SINGLE - STAGE CYCLOIDAL SPEED REDUCER
Mirko BLAGOJEVIC, Nenad MARJANOVIC, Zorica PORDEVIC, Blaza STOJANOVIC, University of
Kragujevac, Faculty of Mechanical Enginering, Kragujevac, Serbia

INFLUENCE OF TORQUE VARIATION ON TIMING BELT DRIVE’S LOAD DISTRIBUTION
Ivan MILANOVIC, Blaza STOJANOVIC, Mirko BLAGOJEVIC, Nenad MARJANOVIC, University of
Kragujevac, Faculty of Mechanical Engineering, Kragujevac, Serbia

GRENZDREHZAHLERMITTLUNG AN AXIAL-SCHRAGKUGELLAGER FUR GEWINDETRIEBE
Vladislav KRSTIC, Umka, Serbia

Aleksandar MILTENOVIC, Milan BANIC, University of Ni§, Mechanical Engineering Faculty, Ni, Serbia
Porde MILTENOVIC, Textile College of Leskovac, Leskovac, Serbia

DETERMINING AND ANALYSIS OF THE CHARACTERISTIC MOMENTS OF AXIAL BALL-
BEARING

Branko PEJOVIC, Faculty of Technology, Zvornik, Republic of Srpska, Bosnia and Herzegovina
Ljubica LAZIC VULICEVIC, Cvijan ZEPINIC, Technical College in Zrenjanin, Serbia

DETERMINATION OF OTPIMAL WAY FOR THE DIAGONAL SIEVES JOINING

Nada BOJIC, Fabrika sita i leZaja "FASIL" A.D., Arilje, Serbia

Zvonimir JUGOVIC, Technical Faculty, Cacak, Serbia

Ruzica NIKOLIC, Vuki¢ LAZIC, Rajko CUKIC, University of Kragujevac, Faculty of Mechanical
Engineering, Kragujevac, Serbia

499

507

515

521

525

529

535

541

549

553

559

563

569

573



7.23.

UNIVERSAL EXTENDABLE SEMI-LOW BED TRAILER FOR TRANSPORTATION OF ROAD
MACHINERY

Grzegorz KOSZALKA, Andrzej NIEWCZAS, Hubert DEBSKI, Lublin University of Technology,
Mechanical Engineering Faculty, Lublin, Poland

Mariusz GOLEC, Maciej KACZOR, Leszek TARATUTA, Wielton, Wielun, Poland

579

Poster presentations

8.1.

8.2.

8.3.

8.4.

8.5.

8.6.

8.7.

8.8.

8.9.

8.10.

8.11.

SERVICE ORIENTED METHODOLOGY FOR DEISIGN BUSINESS PROCESS MANAGEMENT
SYSTEM

Branislav JEVTOVIC, Danilo OKLOBDZIJA, Branislav BOGDANOVIC, Vladimir MLADENOVIC,
Business school of professional studies — Blace, Serbia

THE INFLUENCE OF THE EDUCATIONAL ROBOT LEGO® MINDSTORMS® NXT APPLIANCE
IN TEACHING PRACTICE ON THE FUTURE PROFESSIONAL ORIENTATION OF THE HIGH
SCHOOL STUDENTS

Snezana MIJAILOVIC, Gimnazija “Takovski ustanak”, Gornji Milanovac, Serbia

DEVELOPMENT OF INFORMATION SYSTEMS IN THE DATABASE FIREBIRD

Muzafer SARACEVIC, Hamza KAMBEROVIC, University of Ni$, Faculty of Science and Mathematics,
Ni$, Serbia

Sead MASOVIC, Zoran LONCAREVIC, University of Belgrade, Faculty of Organizational Sciences,
Belgrade, Serbia 5 5

Esad MEDEDOVIC, University of Kragujevac, Technical Faculty Cacak, Cacak, Serbia

REASONS FOR SOME TROUBLES OCCURRING IN URBAN RAILWAY
Maia IVANOVA, Yanitsa IVANOVA, Todor Kableshkov Higher School of Transport, Transport
Building Faculty, Sofia, Bulgaria

FE MODELING OF SHEET STEEL SPECIMEN UNDER BIAXIAL LOADING
Nikola NIKOLOV, Ana YANAKIEVA, Dessislava PASHKOULEVA, Bulgarian Academy of Sciences,
Institute of Mechanics, Sofia, Bulgaria

ACCELERATION OF INTRODUCTION - IS AN IMPORTANT FACTOR OF THE PROCESS OF
SURFACES FORMATION BY MEANS OF BENDING

Dmitry BABICHEV, Tyumen State Oil and Gas University, Institute of Transport, Tyumen, Russian
Federation

IDENTIFY SOURCE VIBRATION AND NOISE OF DISC BRAKE
Huynh Le Hong THAI, Némecek PAVEL, Phan Thanh NHAN, Technical University of Liberec,
Mechanical Engineering Faculty, Liberec 1, Czech Republic

QUALITATIVE INDEXES OF FLAT ENGAGEMENTS OPERATION
Denis BABICHEV, Anatoly SEREBRENNIKOV, Dmitry BABICHEV, Tyumen State Oil and Gas
University, Institute of Transport, Tyumen, Russian Federation

CONTRIBUTION TO CREATION OF KINEMATICS PAIRS MODELS FOR WORKPIECE
CLAMPING

Jarmila ORAVCOVA, Eva RIECICIAROVA, Peter KOSTAL, Faculty of Material Science and
Technology, Slovak University Of Technology, Trnava, Slovakia

DEVELOPMENT OF SYSEM FOR EXPLOITATION OF HYDRO-GEOTHERMAL RESOURCES OF
THERMO MINERAL WATER OF THE NISKA BANJA MUNICIPALITY

Du$an MARKOVIC, Gordana STEFANOVIC, Mladen TOMIC, Jelena MILISAVLIEVIC, Petar PEKIC,
Goran VUCKOVIC, University of Ni§, Mechanical Engineering Faculty, Ni, Serbia

SYNTHESIS OF PLANAR LINKAGE MECHANISMS WITH INTERNAL BONDS THROUGH
FOLLOWER

Amandyk Kuatovich TULESHOV, National engineering academy of the Republic of Kazakhstan, Almaty,
Kazakhstan

Yurii Mihailovich DRAKUNOV, Al-Farabi Kazakh National University, Almaty, Kazakhstan

585

589

593

599

603

611

619

623

631

633

639

Index of Authors




THE 7™ INTERNATIONAL CONFERENCE RESEARCH AND DEVELOPMENT OF MECHANICAL ELEMENTS
AND SYSTEMS

INFLUENCE OF THE TECHNOLOGICAL HOLE IN WELDING PLATESON WELD
CREATION AND HEAT GENERATION DURING FRICTION STIR WELDING

MiroslavMIJAJI:O,VIC'
Dragan MILCIC

Aleksandar

IVKOVIC

oban ANPELKOVIC

Abstract: Friction Sir Welding consists of several physical phases where plunging phase of the welding
tool isthefirst one. During plunging phase, welding tool and welding plates initiate contact between their
surfaces what results in change of numerous parameters of materials and contact conditions: welding
speed, angular speed, yield strength of material, contact pressure, temperature, dilatation etc. One of
interesting and very important parameters is plunging force. Plunging force reaches great values at the
beginning of the welding process and this can result with unwanted deformations of welding plates and
applied tools. Possible solution for decrease of the plunging force might be application of the
technological hole in the welding plates. This paper gives detailed geometrical analysis of the plunging
phase, influence of the plunging force on the weld creation with implementation of the technological hole
into mathematical model for generated heat estimation.

Key words: Friction Stir Welding, Technological hole, eat generation

1. INTRODUCTION

Friction Stir Welding (FSW) is a solid state welding
process predominantly used for welding of plate — shaped
parts made of soft metals and alloys — aluminium, copper,
bronze, brass etc. Its name or label — Friction Stir
Welding, comes from the main physical phenomena that
appear during welding process:. friction and deformation
(stirring). Speciaized welding tool (Figure 1), made of
material of greater strength and wearing capabilities than
material of welding plates, is mounted into the rotating
head on awelding machine (usually it is milling machine)
and inserted into the “stat point” on joint line, on welding
plates. Welding plates are rigidly clamped and fixed on
work table of a machine over a backing plate between
welding plates and work table. Joint line between welding
plates is a path where weld should be created and for
FSW it is mostly straight line, along side of the welding
plate.

Welding process starts when rotating welding tool firstly
touches top surface of welding plates after smooth
translation downwards or, in other solution, while work
table and welding plates smoothly translate upwards
(Figure 2). Intimate contact between welding tool and
plates results with appearance of friction, wearing,
thermal, electrical, mechanica and other physical
processes.

Pushed by the plunging force and constantly rotating
around its rotation axle, welding tool plunges into the
material of welding plates, deforms material of welding
plates around the contact area and most of the mechanical
energy given to the welding tool transforms into heat.

Heat dissipates into the material of welding tool, welding
plates, backing plate and surrounding but most of it
delivered to the material of welding plates. Thisresultsin
increase of heat of welding plates, what changes
mechanical properties of welding plates — eg. yield
strength.

shoulder tip

probe side

Fig. 1. Scheme of the welding tool

When welding tool reaches maximum of plunging depth,
welding tool stops translational movement and rotates in
place — dwells. After some time period it starts transversal
movement along the joint line. Preheated materia of
welding plates is being pushed and confined by the
welding tool and particles of welding plates travel around
the welding tool they dide, stick, deform and mix with
other particles. Asaresult of this behavior mixed material
of both platesis left behind welding tool and creates weld.
Welding last until tool reaches the “end point” on joint
line and after that transversal velocity drops to zero,
welding tool dwells and eventually pulls out from
welding plates leaving “tool footprint” in plates (as a
hole).

From the early beginning of FSW application (in 1991
and 1992 [1]), researches on FSW are done on “try — fail



— change — try again — change until succeed” principle.
Changes after failures were made on technological
parameters of the welding process, geometry, shapes,
welding and surrounding conditions, machines etc.
Basically, quality of weld depends from numerous
parameters, however, quality of the weld, created by the
FSW, directly depends from deformation of welding
plates material deformation depends from technological
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parameters, temperature of welding plates and friction on
contact welding tool —welding plates[2].

Finally, it can be concluded that quality of the FSW weld,
beside weldability of welding plates, depends on welding
tool and its ability to transform mechanica power,
provided by the welding machine, into “FSW
consumables’ — heat and deformation(ability), for specific
technological parameters of welding process and loads
given to the welding tool.
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Fig.2: Phases of the FSW 2

1.1. Previo sresearchesabo t FSW

Previous researches on FSW are numerous, but it is
possible to classify them in four different groups.
— researches about welding tool,
— researches about welding parameters,
— researches about micro and macro changes in
welding plates,
— researches about physical processes that appear as
aproduct of friction stir welding.
All researches aim to the same targets: to find optimal
solution(s) for friction stir welding issues for different
materials or to find patterns for controlling the welding
process and ability to repeat achieved results
(understanding the physics of the process).
One of the issues is loading delivered to the welding tool
during welding. Welding tool receives complex and
intensive dynamic loadings throughout complete welding
cycle. At the beginning of the process —plunging phase,

plunging force (FLt)) has significant values what results
in possible overloading of the machine used for welding
or destruction of the welding tool’s pin.

This issue can be overcome using the technological hole
in welding plates. This aspect of decrease of plunging
force (overloading) and influence of this technological
change in FSW design haven’t been investigated so far
(or investigated, but authors not familiar with that
investigation).

2. GEOMETRICAL ANALYSISOF CONTACT
ETWEEN WELDING TOOL WELDING
PLATESWITH TECHNOLOGICAL HOLE

To wunderstand the FSW process with applied
technological hole, it is important to provide in depth
geometrical analysis of intimate contact between welding
tool and welding plates. It is important to recognize that
technological hole will eventualy get filled with the
pressed material some active surfaces of welding tool will



delay with activation in the welding process etc. Applied
on FSW technological hole must have at least two tasks:
1) to improve quality of the weld, or in the worst case —
not to reduce it and
2) reduce intensity of the plunging force F(t).
Technological hole affects only plunging and first
dwelling phases of the FSW if diameter of welding plates
is not larger than diameter of the probe (dg d).
Otherwise, it might critically affect on quality of the weld
—all phases of the FSW are affected.

" M(t)

welding tool

I
¥ : welding plates
:
‘\j
~ d,
h B /
7 Y
7 ¥
backing plate a)
b)

Fig. 3: Welding tool and welding plates with previously
prepared technological hole of diameter d, before
plunging phase — a) scheme, b) experiment 3

While the probe plunges into the weld plates it pushes
some of the stirred material upwards and presses some
material downwards into the technological hole (Figure
4).

The sum of the volumes V; and V, is total volume of
material dV moved during plunging of the probe and it is
equal (Figure 4):

2_42
AVZ—d d

T-Z2=V, +V,. 1)
When probe reaches criticd plunging depth z
technological hole will be completely filled with material
pressed downwards (volume V,, Figure 5).
Critical volume pressed downwards can be estimated as:

d 2
v, =<2m(h-2,), @

and critical plunge depth z when technological hole
becomes filled with pressed material is:

4N, (d, Y
- dz.}*(ﬁj h 3
e
!
_} v,
- i S
I
= M e R U T
1 v id X

Figure 4 Material flow during plunging of the welding
tool V; —volume of material pressed upwards, V, —
volume of the material pressed downwards into the

technological hole, V3 — volume of the material affected
with action of the welding tool, z— plunge depth

welding i
tool ™\ I v,
welding |, 1
l plates

backing |
plate

Fig. 5: The moment when technological hole gets
completely filled with pressed material of welding plates

Fig. 6: The moment when shoulder tip initiates contact
with the material of welding plates

Beside movement downwards, softened material of
welding plates is pushed upwards as well, under the
pressure of the welding tool’s probe. This will initiate
contact between shoulder tip and pressed material before
the tool reaches maximal plunging depth of h. This will
happen when plunging depth reaches the value of zy,
(Figure 6). The volume of material pushed upwards V,
and distributions of this material over welding plates both



have stochastic nature and they directly affect value of
Zin-

At some moment of time free volume Vi under the
shoulder tip will be completely filled with the upward
pressed materia, volume Vi (Figures 7 and 8) if
Vi > Vi If Vi <V shoulder tip will, simply, lay

1max Imax — " free
on top surface of welding plates and cone volume below
shoulder tip will remain partially filled with material.

In both cases it will happen when the plunging depth of
the probe is z. (Figure 7) and for second case: zx  h.

free

Fig. 7: The moment when shoulder tip fully presses
material of welding plates

Volume of upward pressed material Vi« during plunging
phase can be estimated as:
(d*-dy’)-7

1max — f Zmax (4)
Free volume Ve is consisted of free volume of cone
shoulder tip Veone, free volume of cylinder between tool
and welding plates Vg and free volume of the
technological hole that is not filled with pressed material
V, . (Figure7):
Viee =Voone +Vey TV, _ - (5)

free

Fig. 8: Volume summarization

Free volume of the cone shoulder tip is:

T
Ve = —-tger-(D*=3-d*-D+2-d°), 6
e = 71900 ) (6)

free volume of cylinder between tool and welding plates

V,, ==:(D*-d?)-(h-2z,,), 7

and free volume of the technological hole that is not filled
with pressed material is:

v, = (-2 ®)

Based on Equations 2 to 8 and inequality V., >V
plunging depth z, is:

free 1

l 3 2 3 2 2 2
~tge(D*-3d°-D+2.d°)+(D"—d -h
iga +20J{D*-d"+4y)
D? '
With sufficient precision it can be assumed that initial

contact between shoulder tip and welding plates appears
when:

©)

Z >

2
Zmin :_.Zmax'

3 (10)

3. CONTACT PRESSURE

Median value of the contact pressure p,(t) on contact
between welding tool and welding plates without
technological hole (dy  0) during plunging phase can be
estimated as:

4-F,(t)

d?-z

where t, is moment of time when plunging phase ends.

(11)

Py (t)= ,0<t<t,.

If there is technological hole (dp # 0, dy  d) in welding
plates, median contact pressureis.
4-F, (1)
—— 2 0<t<t,
(d*-d,?)-7
P (t) = (12)
4-F, (1)
prEpp— t, st<t,

where t, is a moment of time when plunging depth is
equal to z (technological hole is completely filled with
material of welding plates).

Plunging of welding tool into the matrix of welding plates
is possible only when median contact pressure pu(t)
exceeds critical value of yield strength k-ced(T, €) [4, 5]:

Pn(t)>K 0,4 (T.€), k=15+3 (13)

where oyiaq(T, &) is yield strength of material of welding
plates, dependable from temperature T and strain rate of
material . Temperature of welding plates T is in direct
dependency of generated heat (t) while strain rate ¢
depends from technological parameters of the welding
process and geometry of welding tool.

Figure 9 shows schematic interpretation of the median
contact stress in both cases (without and with
technological hole in welding plates) and its distribution
along contact surface.

4. HEAT GENERATION DURING PLUNGING
PHASE

Problem of analytical estimation of heat generation during
FSW is complex and very difficult to explain, however,
recognition that maximal (plunging) force appears during
plunging phase slightly eases the explanation of problem.
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Fig. 9: Median contact pressure distribution during plunging phase

During plunging phase, almost 100 of heat is generated
on contact between probe tip and welding plates [2]. Total
generated heat during plunging (t) can be estimated as
[2, 6]:

()=2 7 0u() pm(t)-[[%f—[d—;jg]

where u (t) is friction coefficient on contact between
probe tip and welding plates and @ angular speed of
welding tool.

Several authors [6-9] suggest that dominant active surface
in heat generation is shoulder with more than 80 in total
heat amount. Shoulder tip has small influence on
generation during plunging phase, and in the case of
welding plates with technological hole this influence is
extremely smaller. Moreover, newer researches on heat
generation [2] on influence of shoulder tip prove that
shoulder tip does not involve in heat generation so
drastically and for this analysis shoulder tip is of no
interest.

(14

5. DISCUSSION AND CONCLUSIONS

Friction Stir Welding process bases on softening of
welding plates material and mechanical mixing of them
into the weld. Analyzing Equation 12, it is easy to
conclude that the larger technological hole is, median
contact pressure is rising, with an assumption that
plunging force is changing. Comparing this analysis with
Equation 13 it is clear that inequality will be true faster
than in the case when technological hole does not exist —
plunging of the welding tool will be much easier and

applied plunging force can be much less intensive. How
ever, analyzing Equation 14, it is clear that generated heat
changes as well.

If technological hole is of diameter dy ad, 0 <a <1,
and plunging force, friction coefficient and other
parameters preserves its values, ratio of median contact
pressure y, (without technological hole and with
technological hole) is:

(),  [1-a% 0<t<t, 5
P pm (t)doza.d 1‘ tzk St<tpI
and ratio of generated heat y is:
1-a’
(), ,0<t<t
Vo= 20 ~i1-a x, (16)
(Do 1Lt <t<t,

Considering Equations 15 and 16 for various values for a,
0 <a <1, it can be concluded that contact pressure and
generated heat rise with the increase of the technological
hole if the value of plunging force keeps steady in both
cases. On the other hand, provided ratios y;, and  givea
glance that plunging force might be less up to the 33
(for example, a 0,99 — y, = 0.02, ¥ = 0.67) when
technological holeis applied on welding plates.
However, this analysisis very rough and these results are
only descriptive. If some analyze aspect of weldability
and quality of the weld, it is clear that application of
technological hole has some limitations:
1) Heat generative layer (Figure 10) of material is not
of very large width (30 um — 50 um) but this still



decreases the value of technological hole to the value
lessthan the diameter of the probed, d.

IS tool | i

~

=y =1==)

i . weld pieces
X e

’( backing plate

=

X / / +
v // 2

heat generative layer of material

S

Fig. 10: eat generative layer of material

2) Since amost all welding tools have threads, gauges,
facets etc. at the probe side, potentia value of
technological hole (dy) decreases even more: in order
to provide active contact between tool and material,
dy must be smaler than core of the thread on the
probe side da:

d, <d,=d -2, 17

where tq is the maximal value of the thread depth.
3) Materid flow around the probe has not been
considered to be affected with the application of the
technological hole in welding plates. Since material
flow hasn't been mathematically explained, further
work must aim to the investigation of material flow
and application of “try and fail” principle during
research of application of technological hole and its
tribute to the ease of welding process, quality
improvement (or quality preservation) and heat
generation.
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