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Since the first symposium in Belgrade, Serbia nearly two decades ago, in 1996, International Symposium
on Industrial Engineering - SIE has been held regularly every 3 years. It represents an opportunity for
researchers in the Industrial Engineering community to review and evaluate their scientific achievements over
the period since the previous SIE, share their most recent results and ideas, and discuss possibilities for new
directions in research, joint experiments and observing campaigns.

The aim of the 6th International Symposium on Industrial Engineering — SIE 2015 is to contribute to a
better comprehension of the role and importance of Industrial Engineering and to point out to the future trends in
the field of Industrial Engineering. The Symposium is also expected to foster networking, collaboration and joint
effort among the conference participants to advance the theory and practice as well as to identify major trends in
Industrial Engineering today. According to these goals the Symposium addresses itself to all experts in all fields
of Industrial Engineering to make their contribution to success and show capabilities achieved in the work that
has been done are very welcomed. SIE 2015 provides an international forum for the dissemination and exchange
of scientific information in industrial engineering fields through the large number of multidisciplinary topics.

The book brought together 80 papers and more than 220 authors from 19 countries, namely from Serbia,
Germany, Portugal, Spain, France, Iran, Finland, Switzerland, Israel, Hungary, Canada, Lybia, China, FR
Macedonia, ITtaly, United Kingdom, Taiwan, Russia and Bosnia and Herzegovina. The submitted full length
manuscripts were peer-reviewed, and selected for publication by experts in their respective fields. The authors
ranged from senior and renowned scientists to young researchers. Only unpublished papers were accepted and
the first author is responsible for the originality of the paper. All papers are classified into seven chapters:

e  Plenary Lectures,

PREFACE

e Risk Management,

e  Human Factors,

e Production and Quality Management,
e Information Technologies,

e Engineering Management and

e  Other Technologies in Industrial Engineering.

We expect that papers and discussions will contribute to better comprehension the role and importance of
Industrial Engineering in this and other countries, both in domain of scientific work and everyday practice.

Our efforts in organizing would not succeed without the considerable help of the members of Scientific
Program and the financial help of Ministry of Education, Science and Technological Development was greatly
supportive for the success of the entire project.

At the end, the editors hope, and would like, that this book to be useful, meeting the expectation of the
authors and wider readership and to incentive further scientific development and creation of new papers in the
field of Industrial Engineering.

Welcome to the 6th International Symposium on Industrial Engineering — SIE 2015! We wish to all
participants a pleasant stay in Belgrade and are looking forward to seeing you all together at the 7th Symposium
on Industrial Engineering — SIE 2018.

Belgrade, September 2015

EDITORS



/7\\
SIE2015

- CONTENTS -

PLENARY SESSION - CHAIRPERSONS: Maria Francesca Milazzo, John Weiss,
Paolo Bragatto, Michael Loscher, Goran Putnik

1. Maria Francesca Milazzo
EFFECTS OF MANAGEMENT AND ORGANISATIONAL VARIABLES IN

RISK ASSESSMENT 2
2. John Weiss
COST BENEFIT ANALYSIS AND DEVELOPMENT BANKS 8

3. Paolo Bragatto, Patrizia Agnello, Silvia Ansaldi, Emanuele Artenio, Corrado Delle Site
REVIVING KNOWLEDGE ON EQUIPMENT FAILURES AND IMPROVING
RISK MANAGEMENT AT INDUSTRIAL SITES 16

4. Aleksandar Jovanovic, Michael Loscher, Flor Angela Quintero
SAFE AND SUSTAINABLE INNOVATION IN GERMANY - THE STEINBEIS
APPROACH 22

5. Goran Putnik
EDUCATION 3.0 AND SOCIAL NETWORK-BASED EDUCATION FOR
EFFECTIVE LEARNING AND INTEGRATION WITH INDUSTRY 26

6. Teodora Rutar Shuman, Gregory S. Mason, Yen-Lin Han, Kathleen E. Cook
FACILITATING PROBLEM-BASED LEARNING WITH AN
INVERTED CLASSROOM 31

SESSION A - CHAIRPERSONS: Maria Francesca Milazzo, Vesna Spasojevic Brkié,
Srdjan Vulanovié

7. Maria Francesca Milazzo, Giuseppa Ancione, Vesna Spasojevié Brki¢
SAFETY IN CRANE OPERATIONS: AN OVERVIEW ON CRANE-RELATED
ACCIDENTS 36
8. Zorica Veljkovi¢, Vesna Spasojevi¢ Brki¢, Aleksandar Brkié
CRANE CABINS’ SAFETY AND ERGONOMICS CHARACTERISTICS

EVALUATION BASED ON SWEDEN PORT DATA 40
9. Sanja Mandic

RISK MEASURING WITH RISK ANALYSIS AND RESPOND TOOLS 46
10. Srdan Vulanovi¢, Vojislav Vulanovié, Viadan Radlovacki, Milan Delié

RISK BASED AUDIT OF MANAGEMENT SYSTEMS 49

11. Emina Dzindo, Uros Lukié
RISK BASED INSPECTION PLANNING AND INSPECTION RESULTS
EVALUATION 53
12. Jasna Markovic-Petrovic, Mirjana Stojanovic
A HYBRID SECURITY RISK ASSESSMENT METHOD FOR SCADA
NETWORKS 57




13. DPorde Mitrovic, Sonja Josipovic¢

AFFORDABILITY OF EMERGING TECHNOLOGIES - CASE OF

BROADBAND ADOPTION IN WESTERN BALKAN COUNTRIES 61
14. Branislav Stevanov, Zdravko Tesi¢, Sanja Bojié, Milosav Georgijevi¢

INTEGRATING PORT EQUIPMENT MAINTENANCE PROCESS INTO PORT

MANAGEMENT INFORMATION SYSTEM (PMIS) 65
15. Snezana Pavicevié, Bozo VukasSinovié

MODIFIED KINNEY METHOD FOR RISK MANAGEMENT OF

IMPARTIALITY AND INDEPENDENCE IN INSPECTION AND

CERTIFICATION BODY FOR PRODUCTS, PROCESSES AND SERVICES 69
16. Jelena Rusov, Mirjana Misita

THE USE OF FUZZY LOGIC IN RISK MODELING OF INSURANCE

COMPANIES OPERATIONS 72
17. Dragan Lj. Milanovic, Dragan D. Milanovic, Mirjana Misita

THE PROBLEM OF CHOOSING BEST ALTERNATIVE PROJECT IN

TERMS OF RISK 77

SESSION B - CHAIRPERSONS: Aleksandar Zunjic’, Milica Gerasimovié, Zvonko
Sajfert

18. Aleksandar Zunjic, Lidija Matija, Jelena Muncan, Ivana Mileusnic, Ljubisa Petrov
OCCUPATIONAL HAZARDS IN DENTISTRY - APPLICATION OF THE
NEAR INFRARED SPECTROSCOPY IN DIAGNOSTICS OF FATIGUE
AND MUSCULOSKELETAL DISORDERS 82
19. Ahmed Ali Essdai, Nuri Mohamed Saad
DENTISTS’ WORKSPACE AND MUSCULOSKELETAL

DISORDERS PREVENTION: PRELIMINARY STUDY 86
20. Ljubisa Petrov, Jelena Munéan, Ivana Mileusnié, Lidija Matija
ERGONOMIC DESIGN PROPERTIES OF DENTISTRY EQUIPMENT 90

21. Nuri Mohamed Saad Algheriani, Ahmed Ali Essdai

IDENTIFICATION OF ANTHROPOMETRIC MEASUREMENTS’ FACTORS

OF SERBIAN ADMINISTRATIVE WORKERS: PRELIMINARY STUDY 94
22. Aleksandar Zunjic, Jelena Muncan, Lidija Matija, Ljubisa Petrov, Ivana Mileusnic

GENERAL ERGONOMIC CONSIDERATIONS OF DESIGN OF A

TELEROBOTIC SYSTEM 98
23. Aleksandar Zunjié¢, Dragana Zakié Nedeljkovié

ERGONOMIC ANALYSIS OF THE EFFECTS OF THE INTRODUCTION

OF ELECTRONIC DISPLAYS IN THE COCKPITS OF LIGHT

SINGLE-ENGINE PISTON AIRCRAFTS 102
24. Ljiljana D. Risti¢
REVIEW OF THE ON-SCREEN READABILITY RESEARCHES 106

25. Milica Gerasimovic, Tanja Sijakovic, Ugljesa Bugaric

CONTINUING PROFESSIONAL DEVELOPMENT FOR

ENGINEERS - VOCATIONAL TEACHERS IN MECHATRONICS 110
26. M. Jocanovic, V. Karanovic, M. Velickovic

DIDACTIC EQUIPMENT FOR EDUCATION OF STUDENTS IN

AUTOMATED HYDRAULIC SYSTEMS 114
27. Marko Arsenovic, Srdjan Sladojevic, Darko Stefanovic

ONE SOLUTION OF TRAINING COURSE FOR IMPROVING

EMPLOYEES SKILLS IN IT DEVELOPMENT COMPANY 118
28. Sanja Stanisavljev, Milivoj Klarin, Dragan Cockalo, Dejan Dordevié, Zvonko Sajfert
SUCCESSFUL CHANGE MANAGEMENT 121

29. Reza Shafiezadehgarousi, Mohammad Omid, Mohammad Shahverdy
EMPOWERMENT AND ENTREPRENEURSHIP IN JOB ENVIRONMENT 124




SESSION C - CHAIRPERSONS: Vidosav Majstorovi¢, Robert Minovski, Zorica
Veljkovié¢

30. Vidosav Majstorovic, Jelena Macuzic, Slavenko Stojadinovic, Srdjan Zivkovic, Tatjana

Sibalija, Valentina Marinkovic

CYBER PHYSICAL MANUFACTURING - INTEGRATED QUALITY
APPROACH

31. Milovan Medojevic, Jovan Petrovic, Nenad Medic, Milana Medojevic
ISO 50001 AS A TOOL TO ESTABLISH AN ADEQUATE ENERGY
MANAGEMENT SYSTEM

32. Marija Stanojeska, Robert Minovski, Zvonko Sajfert, Dragan Cockalo, Sanja Stanisavjev,

Bojan Jovanoski
EMPLOYEES MOTIVATION AND TRANSITION OF ISO 9001 QMS
TOWARDS TQM

33. Branislav Tomic
OVERVIEW OF ISO/DIS 9001:2015 CHANGES

34. S. Risteska, M. Stefanovska, B. Samakoski
FACTORIAL DESIGN OF EXPERIMENT VS. TAGUCHI APPROACH
IN FILAMENT WOUND COMPOSITES

35. Zorica A. Veljkovié, Slobodan Lj. Radojevié
METHOD FOR COLUMN CONSTRUCTION OF FULL FACTORIAL
DESIGNS FOR FACTORS ON TREE LEVELS USING TAGUCHI'S
ORTHOGONAL ARRAYS

36. Hrvoje Puskaric, Marija Zahar Djordjevic, Aleksandar Aleksic
THE CONCEPTUAL MODEL FOR SMALL AND MEDIUM SIZED
ENTERPRISES FOR THE PURPOSE OF PROJECT MANAGEMENT

37. Slobodan Moraca, Jelena Gruji¢, Angela Fajsi
CREATING THE AGILE PROJECT ENVIRONMENT: DEVELOPMENT
OF EFFECTIVE AGILE TEAMS

38. Milovan Lazarevi¢, Nemanja Sremcev, Gordana Ostoji¢, Porde Lazarevié
LEAN PRINCIPALS AND RFID USAGE FOR IMPROVEMENT OF
DISASSEMBLY EFFICIENCY

39. Moshe Eben-Chaime
DEFECTIVE ITEMS, INSPECTION ERRORS AND YIELD

40. Ljiljana Pecié¢
MARKET ORIENTATION AS A PREDICTOR FOR ENGINEERING
AND REENGINEERING COMPANY

141

145

154

158

162

166

170

174

178

182

| SESSION D - CHAIRPERSONS: Danijela Tadié, Nikola Dondur, Vlatko Cingoski

41. Danijela Tadié, Slavko Arsovski, Aleksandar Tomovi¢, Milan Pavlovic
THE FUZZY MODEL FOR EVALUATION WASTE IN PRODUCTION
PROCESS OF RECYCLING DEVICE

42. Danijela Tadi¢, Snezana Nesti¢, Miladin Stefanovic¢
THE EVALUATION AND IMPROVEMENT PERFORMANCES OF
MARKETING PROCESS

43. Marko S. Jari¢, Mirko M. Dobrnjac, Nikola J. Budimir, Tamara S. Bajc
COST ANALYSIS OF SHELL AND TUBE HEAT EXCHANGERS
WITH CONCENTRIC HELICAL TUBE COILS

44. Andrea Ivanisevi¢, Branislav Mari¢, Alpar LoSonc
CONCEPTUALIZATION OF COMMON PARAMETERS WHICH ARE
REQUIRED FOR TECHNICAL-TECHNOLOGICAL ANALYSIS
OF INVESTMENTS

187

191

195

200



45.

46.

47.

48.

49.

50.

51

52.

33.

54.

55.

N. Dondur, A. Jovovic, V. Spasojevi¢-Brki¢, D. Radi¢, M. Obradovic, D. Todorovic, S.
Josipovi¢, M. Stanojevic

USE OF SOLID RECOVERED FUEL (SRF) IN CEMENT

INDUSTRY - ECONOMIC AND ENVIRONMENTAL IMPLICATIONS
Biljana Petrevska, Viatko Cingoski

ENVIRONMENTAL PROTECTION AND ENERGY EFFICIENCY
CONCEPT IN FIVE STAR HOTELS IN MACEDONIA

Jamal Mohamed Ben Sasi, Ramadan Ahmed Abugeddida

THE ROLE OF PRIVATE SECTOR IN INDUSTRIES BASED ON IRON AND
STEEL PRODUCTS A CASE STUDY: STEEL ANGLES & FLATS FACTORY
Frosina Geceva Kocova, Ljubomir Drakulevski

BUSINESS PROCESS REINGENEERING IN MERGED COMPANY
Branislav Stevanov, Nemanja Sremcev, Dorde Lazarevi¢, Danijela Gracanin
PRODUCT LIFE-CYCLE MANAGEMENT DATA INTEGRATION FOR
THE OVERHAUL OF RAILWAY BRAKING DEVICES

Leposava Grubic-Nesic, Slavica Mitrovi¢, Vladimir Ivankovié

ROLE OF HUMAN CAPITAL IN ENGINEERING

Tamara Golubovi¢, Nebojsa Mani¢, Nikola Dondur

ENERGY AND ECONOMIC ANALYSIS OF USING DIFFERENT FUELS
FOR HOUSEHOLD HEATING IN SERBIA

Petar Kefer, Dragan D. Milanovic, Mirjana Misita, Dragan Lj. Milanovic
MANAGEMENT FOR COMPANIES WITH MULTIPLE LOCATIONS
ACCORDING TO EXCEPTIONS

Janko M. Cvijanovié, Jelena Lazi¢

ORGANIZATIONAL PATHOLOGY

Gordana Colovié, Danijela Paunovi¢, Goran Savanovi¢, Slobodan Pokrajac
IMPORTANCE KNOWLEDGE MANAGEMENT AND INNOVATIONS

FOR THE FASHION INDUSTRY

Slobodan Pokrajac, Nikola Dondur, Sonja Josipovié¢

RE-INDUSTRIALIZATION OR THE ROAD THAT MUST BE TRAVELLED

203

210

214

218

222

226

234

239

242

246

H SESSION E - CHAIRPERSONS: Bojan Lali¢, Dragan D. Milanovi¢, Predrag Popovi¢

6.

57.

38.

59.

60.

61.

62.

63.

64.

Ping-Hui Hsu, Hui-Ming Teng

OPTIMAL PRICING STRATEGIES FOR INTERNET MARKETING
ON TIME-SENSITIVE PRODUCTS

Dejana Popovié, Predrag Popovié

SMART METER - READY TO MARKET SOLUTION ANALYSIS
Maja Novak, Sanja Stanisavijev

INFLUENCE OF ELECTRONIC BUSINESS FOR ACHIEVING
COMPETITIVE ADVANTAGES

Svetlana Dabié Ostoji¢, Momcilo Miljus, Dragan D. Milanovié

THE IMPACT OF NEW IT ON FORKLIFTS ON SCM

Marija Rakic-Skokovic, Darko Stefanovic, Bojan Lalic

GUIDELINES FOR SUCCESFUL CLOUD SELECTION

Nebojsa Lapcevi¢, Dragan Lj. Milanovic, Marija Milanovic

ERP IMPLEMENTATION INDICATORS

Svetomir Simonovié

SOFTWARE INFRASTRUCTURE FOR GLOBAL PRODUCT ENGINEERING
Zlatko Langovié, Brankica Pazun, Dusko Tomic

PROCESSOR SYSTEM ARCHITECTURES AND SECURITY
Milos Jovanovié, Bojan Lali¢, Antonia Mas, Antoni-Lluis Mesquida
THE AGILE APPROACH IN INDUSTRIAL AND SOFTWARE
ENGINEERING PROJECT MANAGEMENT

251

255

267

271

275

279



65. Marko S. Jari¢, Nikola J. Budimir, Igor Svetel

PREDICTING ENERGY CONSUMPTION USING CURRENT BIM SOFTWARE 287
66. Marko S. Jari¢, Nikola J. Budimir, Igor Svetel

PREPARING BIM MODEL FOR ENERGY CONSUMPTION SIMULATION 291

| SESSION F - CHAIRPERSONS: Katarina Dimi¢ Misic, Ilija Cosi¢, Andrey A. Pazyak |

67. Hui-Ming Teng, Ping-Hui Hsu

OPTIMAL SALE NUMBER OF KIND FOR SPECIALIZED SHOP

WITH INCREASING DEMAND 296
68. Radoslav Rajkovic, Nenad Zrnic, Porde Stakic, Aleksandar Sedmak, Snezana Kirin

AN APPROACH TO DETERMINE OPTIMAL NUMBER OF CONTAINERS

FOR CARGO STACKING IN FUNCTION OF TRANSPORTATION COST 300
69. Nemanja Sremcev, Porde Lazarevié, Ilija Cosié, Milovan Lazarevié, Aleksandar Rikalovié

IMPROVEMENT OF MATERIAL FLOW IN SYSTEM FOR MANUFACTURING

OF COOLING AND COOKING DEVICES 304
70. Katarina Dimic-Misic, Patrick Gane, Tatiana Budtova, Christophe Pradille, Herbert Sixta,

Lovikka Ville, Thad Maloney

INFLUENCE OF XYLAN ON NANOCELLULOSE (NFC)

SUSPENSION RHEOLOGY AND AEROGEL MORPHOLOGY 308
71. Dimitrios Tsalagkas, Katarina Dimic-Misic, Patrick Gane, Orlando J Rojas, Thaddeus

Maloney, Levente Csoka

RHEOLOGICAL BEHAVIOUR OF SONOCHEMICALLY PREPARED

BACTERIAL CELLULOSE AQUEOUS DISPERSIONS 316
72. Dimic-Misic Katarina, Alp Karakoc, Merve Ozkan, Syed Ghufran Hashmi, Tuomo Salo,

Patrick Gane, Thad Maloney, Jouni Paltakari

FLOW CHARACTERISTICS OF INK-JET INKS USED FOR

FUNCTIONAL PRINTING 320
73. Vule Relji¢, Laslo Tarjan, Stevan Stankovski, Milovan Lazarevié, Gordana Ostojié
FOOD PRODUCT SHELF-LIFE PREDICTION 326

74. Arsi¢ Miodrag, Srdan Bosnjak, Mladen Mladenovi¢, Nebojsa Milovanovi¢, Zoran Savi¢
RECOMMENDATION FOR A NEW MODEL OF THE MAINTENANCE
SYSTEM OF TURBINE AND HYDROMECHANICAL EQUIPMENT
AT THE HYDRO POWER PLANT DJERDAP 1 330
75. Vladimir N. Syzrantsev, Kseniya. V. Syzrantseva, Andrey A. Pazyak
CALCULATING GEOMETRIC PARAMETERS OF THE

SEMI-ROLLED STRAIGHT PAN GEAR 334
76. Predrag Zivkovié
HEAT BALANCE OF LOSSES IN PLANETARY GEAR DRIVES 338

77. Nermina Zaimovi¢-Uzunovi¢, Narcisa Jarovié-Bajramovié, Edin Terzic
INFLUENCES TAKEN INTO CONSIDERATION DURING CALIBRATION
OF CONTACT THERMOMETERS AIMED FOR MEASURING
TEMPERATURE OF A SOLID SURFACE 341
78. Nina Andeli¢, Vesna MiloSevi¢-Miti¢, Tasko Maneski, Milorad Milovancevié, Dorde Purdevié¢
OPTIMUM DESIGN OF OPEN SECTION THIN-WALLED STRUCTURAL

ELEMENTS ACCORDING TO STRESS CONSTRAINT 345
79. Natasa Trisovi¢, Wei Li, Ljubica Milovic
SIMULATIONS IN REANALYSIS PROCEDURES 349

80. Jelena R. Jovanovic, Radisav D. Djukic
ESTABLISHING TECHNOLOGICAL CYCLE TIME LENGTH OF THE
PRODUCTION PHASE IN THE COMBINED MODE OF WORKPIECE MOVE 355



/7N
SIE2015

Symposium on

6th International

Industrial Engineering

RECOMMENDATION FOR A NEW MODEL OF THE MAINTENANCE
SYSTEM OF TURBINE AND HYDROMECHANICAL EQUIPMENT AT THE
HYDRO POWER PLANT DJERDAP 1

Arsié¢ Miodrag', Srdan Bognjak’, Mladen Mladenovié¢', Nebojsa Milovanovié¢', Zoran Savi¢'

'Institute for materials testing, Bulevar vojvode Misiéa 43 Belgrade, miodrag.arsic@institutims.rs
*Faculty of Mechanical Engineering, Kraljice Marije 16, Belgrade, sbosnjak@mas.bg.ac.rs

Abstract. Turbine and hydro mechanical equipment
at hydro power plant 'Djerdap 1’ is subjected to
service conditions that lead to degradation of
material of components and structures. Taking into
account the rate of occurrence of failures (damages,
accidents) and experience gained through long-term
performing of tests it was established that main
causes of material degradation are fatigue,
corrosion, erosion and cavitation. Results of
performed tests and researches carried out in order
to identify the causes of material degradation,
damaging and fracture of components and
structures of turbine and hydro mechanical
equipment during the rehabilitation of the hydro
power plant ’Djerdap 1’ showed that material
degradation, damages and fractures occur due to
the simultaneous influence of a large number
of technological, metallurgical, structural and
exploitational factors and that convenient structural
solutions which would ensure mechanical reliability
of components and structural integrity could be
achieved only through absolute knowledge of their
behaviour under various regimes of operation. On
the basis of those results new system for
maintenance of components and structures of
turbine and hydro mechanical equipment was
recommended.

Keywords. Hydro power plant, turbine equipment,
hydro mechanical equipment, maintenance system
model

INTRODUCTION

Vertical Kaplan turbines, manufactured in Russia
and with nominal power of 200 MW, have been
installed in 6 hydroelectric generating units at
hydro power plant 'Djerdap 1° [1]. Hydroelectric
generating sets are being projected for the service

330

life of 40 years due to structural solutions
and limited possibilities of performing periodic
inspections and state analyses.

Results of performed state analyses and researches
that referred to determination of the cause of
material degradation, damaging and fracture of
components and structures of turbine and hydro
mechanical equipment during the rehabilitation of
hydroelectric generating sets A4, AS and A6 at
hydro power plant *Djerdap 1° [2-6] showed that
material degradation, damaging and fractures
occurred due to the simultaneous influence of a large
number of technological, metallurgical, structural
and exploitational factors and that convenient
structural solutions, which would ensure mechanical
safety of components and integrity of structures,
could be achieved only through absolute knowledge
regarding their behaviour in various operating
regimes. Basic components of the vertical Kaplan
turbine are shown in figure 1.

Shaft extension
Auxiliary generator rotor
Generator rotor

= /A)gial bearing
./ disc carrier
- —— . .
Upper ring of AXla&il;ecarmg
the guide vane

apparatus Turbine cover

Turbine neck ™ Rotor

Figure 1. Appearance of the vertical Kaplan turbine



TECHNICAL DIAGNOSTICS USED DURING
THE REHABILITATION OF HYDRO POWER
PLANTS

Gradual degradation of parent material and/or
deformation of components and structures of turbine
and hydro mechanical equipment occurs during the
service life of hydro power plants, therefore the
diagnostic measurements and tests are being carried
out only when the accelerated failure of components
and structures due to flaws that occur during the
manufacturing, assembly and service, as well as
during the planned rehabilitation of hydro power
plants [2-6], happens. Technical diagnostics during
the rehabilitation of hydro power plants has to be
based on 3 principles:

— Scope of testing and measurements have to be
based on the history of use of turbine and hydro
mechanical equipment,

— tests and measurements have to be carried out in
compliance with specified procedures, through the
use of adequate equipment and qualified personnel,
— results of tests and measurements need to be
shown in such a way that the conclusions comprise
the exploitation of manufacturing technical systems
and a team of experts with suitable experience and
knowledge from various professional and scientific
areas. Properly executed technical diagnostics
prevents sudden failure of components and
structures of turbine and hydro mechanical
equipment from happening, as well as rational
technical and economical exploitation and safe
working conditions for employees. It is very hard to
analyse large production systems, such as
hydroelectric generating sets at HPP 'Djerdap 1', due
to the complexity of their structure, operating
conditions and a large number of components and
structures of turbine and hydro mechanical
equipment. In such cases it is suitable to use FTA
(Fault Tree Analysis), figure 2 [5]. For the analysis
of modes and effects of failures, a method of
qualitative and quantitative reliability analysis of
components and structures of turbine and hydro
mechanical equipment in all phases of service life
and preventive analysis for all potential modes of
failure of hydro mechanical generating set elements
and their influences, FMEA (Failure Mode and
Effect Analysis) is being used, figure 3. On the basis
of performed researches regarding the failure and
cause of malfunction of components and structures
of turbine and hydro mechanical equipment at hydro
power plant 'Djerdap 1' through the use of Fault Tree
Analysis and Failure Mode and Effect Analysis [5],
as well as indicators of reliability obtained on the
basis of analysis of collected data for realistic
conditions of service, optimum setting of the system
for continual diagnostification of turbine and
hydromechanical equipment based on the
application of PLC-PC coupling could be carried out
accurately.
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Figure 2. Fault Tree Analysis, block diagram

Figure 4 shows the schematical appearance of the
configuration of the system for continual
management, monitoring and diagnostification of
the vertical Kaplan turbine through all system levels.
It can be seen that it is possible to directly connect
operational interface and hand-held programmer to
the PLC [7]. Hand-held programmer has a numerical
keyboard with light indicators for status marking and
operator terminal which, with better models, can
define up to 200 numerical and variable messages.
Operator interface has the alphanumeric display with
the functional keyboard and displays values of
process variables, statuses, alarms and messages,
logs that refer to system flaws and those defined by
the user’s program with the moment of creation and
parameters predetermined by name or address.
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Figure 3. Failure Mode, Effects and Criticality
Analysis, block diagram

DATABASES

Data on loads, properties of parent material and
welded joints, technology of their creation, technical
and physical characteristics of recorded fractures
and prescribed measures of damage and failure
prevention are being imported into suitable
databases. Organization of the maintenance system
of turbine and hydromechanical equipment at hydro
power plant "Djerdap 1’ depends primarily on the
nominal power, type and structure of the turbine,
number of employees, experience of experts and
suitable databases that refer to maintenance and
previous inspections.

On the basis of realized researches [2] and many
years’ experience of authors regarding the
maintenance of complex systems, the proposition of
a new model of maintenance system for hydro
power plant *Djerdap 1’ was made, figure 5.
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Figure 4. Appearance of the configuration of the
system for management, monitoring and
diagnostification of a turbine

CONCLUSION

Realized researches offer great possibilities in wide-
ranging analyses performed in order to define
behaviour of components and structures of turbine
and hydromechanical equipment at hydro power
plant 'Djerdap 1'. The goal of these analyses is to
determine the cause of material degradation and
failures of components and structures due to
variations of a large number of influential factors, in
order to get safer components and structures or to
reduce undesirable effects to acceptable values, or in
other words to realize suitable structural solutions.

A fast and reliable solution for the realization of
convenient structural solutions regarding the
components and structures could be achieved solely
through the creation of databases and bases for the
development of computer programs. The
accompanying software packages would enable
more efficient use of databases, analyses of
particular influential factors, improvement of
techniques, possibilities for fracture prevention and
considering alternative solutions in all phases of
design and development of components and
structures of turbine and hydromechanical
equipment. The above-mentioned would enable the
development of the expert system for prevention of
failure of turbine and hydromechanical equipment at
hydro power plant *Djerdap 1°.



MAINTENANCE OF TURBINE AND HYDROMECHANICAL EQUIPMENT
AT HYDRO POWER PLANT "DJERDAP 1"
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Figure 5. New model of the maintenance system for turbine and hydromechanical equipment at HPP 'Djerdap!’
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