(@),

6. International

Quality
Conference

CONFERENCE MANUAL

June 8th 2012, Kragujevac
Faculty of Engineering, University of Kragujevac



6. International Quality Conference
Conference manual

ISBN: 978 - 86 - 86663 - 82 - 5

Editors: Dr Slavko Arsovski, full professor
Faculty of Mechanical Engineering, Kragujevac
Dr Miodrag Lazié, full professor
Faculty of Mechanical Engineering, Kragujevac
Dr Miladin Stefanovié, associate professor
Faculty of Mechanical Engineering, Kragujevac

Technical Editor: Snezana Nestic
Faculty of Mechanical Engineering, Kragujevac

Publisher: FACULTY OF ENGINEERING
34000 KRAGUJEVAC
Sestre Janji¢ 6

CENTER FOR QUALITY

34000 KRAGUJEVAC
Sestre Janji¢ 6

For publishers: Prof. dr Miroslav Babic
Prof. dr Slavko Arsovski

No. of copies: 200

Printing: Fakultet inzenjerskih nauka, Kragujevac

Copyright © Faculty of Engineering, University of Kragujevac, 2012.
Copyright © Canter for Quality, Kragujevac, 2012.

Publication of Conference manual and organization of
6. International Quality Conference is supported by:

Department of Education and Science Republic of Serbia

Izdavanje Zbornika radova, organizovanje i odrzavanje
6. International Quality Conference podrzalo je:

Ministarstvo prosvete i nauke Republike Srbije

I 6" IQC June, 8 2012



6" International Quality conference
TRACKS:

Scientific focus 1:
Global Quality with themes:

Building of Quality Culture
Quality and Social Responsibility
From Knowledge to Quality
Competition and Globalization
E — Quality

Quality of Life

TQM and Business Excellence
Risk Management
Sustainability and Resilience
Quiality Outsourcing

Waste Management

Scientific focus 2:
Quality basic with themes:

Quality Tools and Methods

Quality Improvement in Industrial Environment (special editor dr Prasun Das, SQC &

OR Division of the Indian Statistical Institute (1SI), Kolkata, India
Process Management

Process Modeling

Economics of Quality

Performance Measurement and Management

ICT Challenges for Future Society

Six Sigma and CMMI

Scientific focus 3:
Quality Engineering with themes:

Quality in Supply Chains,

Quality in Automotive Industry,
Quality in Services,

Quality in Education and Training,
Competitiveness through CE Marking
Quality Information Systems
Integrated Management Systems
Quality Technology

Innovation and Quality

Quality and Safety in Food Production and Distribution
Conformity Assessment

Quality of Production and Products

6" IQC June, 8 2012



B©Ooo~No Ok

14.

15.
16.
17.

18.
19.

20.
21.
22.

6™ International Quality conference
Programme Committee

Prof. dr Slavko Arsovski, Faculty of Mechanical Engineering, Kragujevac,
Serbia, President

Prof. Dr. Bernhard Miiller, Leibniz Institute of Ecological and Regional
Development, Dresden, Germany

Prof. dr Milan Perovi¢, Faculty of Mechanical Engineering, Podgorica,
Montenegro

Prof. dr Branislav Marjanovic, University of Johanesburg, SAR

Prof. dr Goran Putnik, Univerzitet Minho, Portugal

Prof. dr Bulent Eker, Namik Kemal University, Tekirdag-Turkey

Assoc. Prof. Marti CasadesUs, Universitat de Girona, Girona, Spain

Prof. Stanislav Karapetrovic, University of Alberta, Edmonton, Canada,
Assoc. Prof. Ifaki Heras, Universidad del Pais Vasco, San Sebastian, Spain

. Miroslav Badida, Technical University of KoSice, Faculty of Mechanical

Engineering, Department of Environmental, Studies and Information
Engineering

. Prof. dr Mirko Sokovi¢, Fakultet za strojni$tvo Ljubljana, Slovenia
12.
13.

Prof. dr LjupCo Arsov, Elektrotehnicki fakultet Skoplje, FYR Macedonia

Prof. dr Zdravko Krivokapi¢, Faculty of Mechanical Engineering, Podgorica,
Montenegro

Prof. dr Miodrag Lazi¢, Faculty of Mechanical Engineering, Kragujevac ,
Serbia

Prof. dr Janko Hodoli¢, Faculty of Technical Sciences, Novi Sad, Serbia

Prof. dr Miladin Stefanovic, Faculty of Mechanical Engineering, Kragujevac
Prof. dr Aysegiil Akdogan Eker, Yildiz Technical University, Mechanical
Faculty, Besiktag/Istanbul-Turkey

Prof. dr Bulent Eker, Namik Kemal University, Tekirdag-Turkey

Dr. Prasun Das, SQC & OR Division of the Indian Statistical Institute (ISI),
Kolkata, India

Georgeta Rata, U.S.A.M.V.B. Timisoara, Romania

Paul M. Andre, AQE Group, Chicago,lllinois, USA

Prof. dr Ezendu Ariwa, London Metropolitan Business School, London
Metropolitan University (Visiting Professor, University of Lagos, Nigeria;
Visiting Professor, Gulf University, Bahrain ; Visiting Professor, Kano State
Polytechnic, Nigeria; Chair, IEEE Consumer Electronics Chapter, UK&RI;
Chair IEEE Broadcast Technology Chapter, UK&RI) UK

6" 1QC June, 8 2012



opea'c fcien.cld,

6. Unternational Qaalig ﬁon.fe'cen.ce 2072 will ,o'con'de an
intexnational Qualiy fo’cum fb’c experts fcom in.dubt'cg and academia to
exc/mn.ge ideas and present zesults of ongoing zesearch in a zange of

toloicb.
dhis Con.fe'cen.ce has a motto "cRoad to excellence".

We invite You to ,oa'cticipate in this imfo'ctan.t event.

8£ncete@ you's,
JPresident of 6'cgan.ization. Committee

Pxof. dx §lavko gfreswovski

s y
’ v s i

ﬁthIQC

QUALITY
RPESFADRCH

6" IQC June, 8 2012 \Y;



6 ".‘9.‘? International Quality Conference

l \l ALCE

VI 6" 1QC June, 8 2012



CONTENT:

CONTENT Lot Vi
SCIENTIFIC FOCUS L ...t 1

1. Tadeja Jere Lazanski
SYSTEMS THINKING = THINKING OUT OF THE BOX = REACHING
QUALITY OF LIFE ... ottt 3

2. Zdravko Krivokapi¢, Aleksandar Vujovié, Sasa Petrovic,
Jelena Jovanovié, Sanja Pekovié
RESEARCH RESULTS OF INNOVATIVENESS IN
CERTIFIED BUSINESS SYSTEMS ...ttt 9

3. Slavko Arsovski, Zora Arsovski, Miladin Stefanovié¢
A NEW APPROACH TO QUALITY ENHANCEMENT:
A CASE STUDY ..ottt sttt et s ste e sbe e sbe s 15

4. Slavko Arsovski, M. Pavlovi¢, Miodrag Lazi¢
AN APPROACH TO MONITOR AND CHANGE THE TECHNOLOGY
PORTFOLIO OF ELV RECYCLING......ccctiiiiiiiiciree e 25

5. M. Ahsan Akhtar Hasin, Sudipa Sarker, Nouroz Islam, M. A. Shareef
PERCEPTION OF CUSTOMER SATISFACTIONAND
HEALTHCARE SERVICE QUALITY IN
THE CONTEXT OF BANGLADESH ......ccoviiiiiiieetce e 31

6. Rouhollah Mojtahedzadeh, Veeri Chettiar Arumugam
STRUCTURAL RELATIONSHIP BETWEEN KNOWLEDGE MANAGEMENT,
INNOVATION, AND PERFORMANCE OF IRANIAN INDUSTRIES:
A THEORETICAL APPROACH. ...ttt e 43

7. B.E. Narkhede, R.S. Nehete, S. K. Mahajan
EXPLORING LINKAGES BETWEEN MANUFACTURING FUNCTIONS,
OPERATIONS PRIORITIES AND PLANT PERFORMANCE IN
MANUFACTURING SMES IN MUMBAL .......cccotiiiiiiieiiee s 51

8. Branislava Crnobrnja, Boris Agarski, Janko Hodoli¢, Igor Budak
APPLICATION OF MULTICRITERIA
ANALYSIS IN ECO-LABELING ......oeicieiteie et 69

9. Tu Runsheng

BEHAVIOR QUALITY DECIDES OUR CONDITIONS OF
SURVIVAL AND DEVELOPMENT ...cooiiiiiiiiie e 79

6" IQC June, 8 2012

Vil



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

\i

Pradip P. Patil, B. E. Narkhede, M. M. Akarte
AN EXPLORATORY STUDY OF MANUFACTURING STRATEGY
OF PACKAGING PRODUCT MANUFACTURING

COMPANIES IN INDIA. ..ot s 87
Pravdi¢ Predrag

BALANCED SCORECARD AS MANAGEMENT FRAMEWORK ................. 107
Pravdi¢ Predrag

INTEGRATION OF ENVIRONMENTAL AND SOCIAL ASPECTS

INTO 4 PERSPECTIVES OD BSC .....coiiiiiiieceirece e 117

Milena Ili¢, Zoran D. Zivkovié
RISK MANAGEMENT IN PROGRAMS AND PROJECTS IMPLEMENTED
BY PUBLIC SECTOR - CASE STUDY “BELGRADE ROOFS” .....cc.cccovevunene 129

Jelena Miljkovié, Milena Ili¢, Zoran D. Zivkovi¢

FEES FOR ENVIRONMENTAL PROTECTION-A DUAL ROLE:

PROVIDING A SOURCE OF FISCAL REVENUE AND MEASURES TO
SECURE ENVIRONMENTAL

PROTECTION AND SUSTAINABLE DEVELOPMENT ......ccccoveviiieiienne, 137

Jelena Miljkovi¢
RISK MANAGEMENT IN E-BANKING:
RISK MANAGEMENT PRINCIPLES. .........coooiiiiiieiie s 143

Mirko Djapic, Vladimir Zeljkovic, Ljubomir Lukic,

Milos Veselinovic, Zorana Dancuo

RISK ASSESSMENT AS A BASE FOR PRODUCT

SAFETY IMPROVEMNET ..ottt 151

C.S.Chethan Kumar, N. V. R. Naidu
MINIMIZING THE EIGHTH WASTE OF LEAN- ABSENTEEISM

THROUGH SIX SIGMA METHODOLOGY .....coviiiiiiereeneeesreee e 161
Ilija Pekié

LEAN MANUFACTURING IN TWO SERBIAN FOOD COMPANIES —

CASE STUDIES ...ttt e 169

Goutam Kundu, B. Murali Manohar
CRITICAL SUCCESS FACTORS FOR IMPLEMENTING LEAN
PRACTICES IN IT SUPPORT SERVICES ... 177

Vladimir Simi¢, Branka Dimitrijevic,

Aleksandra Kosti¢-Ljubisavljevi¢, Vesna Radonji¢

AN INTERVAL LINEAR PROGRAMMING APPROACH FOR
UNCERTAINTY-BASED DECISION MAKING IN

VEHICLE RECYCLING INDUSTRY ....ocoiiiiiiieinienict e 189

6" 1QC June, 8 2012



21.

22,

23.

24,

25,

26.

27.

28.

29.

30.

Vladimir M. Nikolic, Dragana D. Gardashevic, Srdjan Stanojkovic
MODEL DETERMINATION OF INDICATORS INTELLECTUAL CAPITAL —

EXAMPLE "KNOW-HOW™ ...t 195
Goran Manojlovi¢, Milan Eri¢, Miladin Stefanovi¢, Ivica Nikolié¢

”5S” METHODOLOGY IN E-MANUFACTURING........ccccoveeiviievec e 201
Eralp Dogu

MONITORING TIME BETWEEN MEDICAL ERRORS TO

IMPROVE HEALTH-CARE QUALITY ..ot 209

Vesna Radonjic, Aleksandra Kostic-Ljubisavljevic, Mirjana Stojanovic,

Branka Dimitrijevic, Vladimir Simic

FACTORS AFFECTING SERVICE PROVIDER’S QUALITY OF

BUSINESS IN NGN ENVIRONMENT ....cooiitiiiiiieise s 219

Ljiljana Berezljev
QUALITY MAN AND QUALITY OF LIFE -THE HIGHEST LEVEL OF
QUALLITY ettt bbb bbbttt 225

Aleksandar Aleksi¢, Danijela Tadi¢, Miladin Stefanovic,

Slavko Arsovski, Snezana Nesti¢

ASSESSMENT OF ADAPTIVE CAPACITY OF SMALL AND

MEDIUM ENTERPRISES. .......oooiiiee ettt srne e 231

P.R. Ramesh, Rajesh Jain
IS 1SO 9000 CERTIFICATION LOSING ITS CREDIBILITY?...coovvieireienee, 239

Aleksandra Koki¢ Arsi¢, Slavko Arsovski, Jovan Milivojevié
THE MODEL OF COMPETITIVENESS AT THE LEVEL OF
COMPANIES AND REGIONS ...t 245

Srdan Nikezi¢, Srdan Vladetii¢

EFFECTIVE LEADERSHIP AND QUALITY: PORTAL

FOR THE IMPLEMENTATION OF THE FOUR ELEMENTS

CONCEPT LEADERSHIP - XEROX CASE STUDY ....ccoceeviiieitieeceeecree e, 253

Srdan Nikezi¢, Dragan Batavelji¢
ELEMENTS OF LEADERSHIP IN INFRASTRUCTURE
MANAGEMENT CORPORATION QUALITY IN TRAYAL ...cooooiiiiiiiiins 265

6" 1QC June, 8 2012



SCIENTIFIC FOCUS 2......oiiiiiiiec s 277

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Shirshendu Roy, Prasun Das
QUALITY IMPROVEMENT INITIATIVES FOR SUPPORT FUNCTIONS
IN AN INDUSTRY: TWO CASES ..ottt 279

Milorad Boji¢, Dragan Adamovi¢, Jasna Radulovi¢,

Marko Mileti¢, Ivan Mileti¢, Vesna Marjanovi¢

AWARENESS ON ENERGY SAVING NEEDS IN SERBIA IN

LOW-RISE HOUSES.........oooiiietee ettt 291

Piotr Kafel, Tadeusz Sikora
QUALITY MANAGEMENT SYSYTEMS BENEFITS AND THEIR

INFLUENCE ON FINANCIAL PERFORMANCE .......cccoovviiiiiieenene e, 299
Jelena Jovanovié, Zdravko Krivokapi¢, Aleksandar Vujovic¢
PROCESS ESTABLISHING OF PERFORMANCE MANAGEMENT ............. 305

Joseph Ricciardielli, Jelena Panti¢, Branislav Jeremi¢,
Ivan Macuzi¢, Marko Papan
LEAN PHILOSOPHY IN QUALITY CONTROL .....ccovviiiireieeneeceneeeenen 315

Laxmana Naik, Rajan Sharma, Raju Naik, Girish Lakshmana, Karuna Devi
LEAN LABORATORY APPROACHES FOR
QUALITY ASSURANCE IN FOOD......cccciiiiiiiinieisesieis e 321

Rajiv Sharma

CONCEPTUAL FRAMEWORK TO IMPROVE BUSINESS PERFORMANCE
WITH LEAN MANUFACTURING AND SUCCESSFUL

HUMAN FACTORS INTERVENTIONS-A CASE STUDY .....cccocevvviniiiniennns 329

Rouhollah Mojtahedzadeh, Veeri Chettiar Arumugam, Ali Fallah
THE RELATIONSHIP BETWEEN LEAN MANUFACTURING
MANAGEMENT AND FINANCIAL PERFORMANCE .........ccccovviiiiieieinienn 343

Pratima Mishra, Rajiv Kumar Sharma
REENGINEERING THE SUPPLY CHAIN HUMAN DIMENSIONS

USING SIX-SIGMA FRAMEWORK .....c.coiiiiiiiiiii e 349
Arvind Chopra, Dixit Garg
COST OF QUALITY PRACTICES AMONG INDIAN INDUSTRIES. ............. 365

M.T. Sawant, J.S. Bagi
QUALITY IMPROVEMENT THROUGH AUTOMATION OF PRODUCT
DESIGN PROCESS IN A MANUFACTURING ORGANIZATION ................ 371

Golam Kabir, M. Ahsan Akhtar Hasin

COMPARATIVE ANALYSIS OF TOPSIS AND FUZZY TOPSIS FOR
THE EVALUATION OF TRAVEL WEBSITE SERVICE QUALITY .............. 381

6" 1QC June, 8 2012



43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

Branka Dimitrijevi¢, Vladimir Simi¢, Vesna Radonji¢,

Aleksandra Kostic-Ljubisavljevi¢

THE DELPHI METHOD AS A RESEARCH TOOL: AN APPLICATION

IN TRANSPORTATION AND LOGISTICS SYSTEMS EVALUATIONS....... 401

ey

DEVELOPMENT OF MULTI-CRITERIA APPROACH IN THE
DESIGN OF INFORMATION SYSTEMS.......cccoiiiiii 407

K.Venkata Subbaiah, K. G.Durga Prasad, M. Uma Bharathi,

K. Soma Sekhara Rao

INTEGRATING FACTOR ANALYSIS AND ANALYTIC HIERARCHY
PROCESS FOR LIBRARY SERVICE QUALITY ..cooooiiivciiseesee e 415

Mayank Kumar, Prasun Das
FUZZY-DISTANCE FUNCTION APPROACH FOR

MULTIPLE CRITERIA DECISION MAKING ..o 427
Golam Kabir

THIRD PARTY LOGISTIC SERVICE PROVIDER SELECTION USING
FUZZY AHP AND TOPSIS METHOD ....c.cooiiiieee e 435

Marko Papan, Aleksandar Aleksi¢, Danijela Tadic,

Ivan Macuzi¢, Petar Todorovi¢

MAINTENANCE PROCESS GOALS ASSESSMENT IN SMALL AND
MEDIUM ENTERPRISE: A FUZZY APPROACH.......ccccoii e 447

Aleksandar Pordevié¢
USING GENETIC ALGORITHAM TO OPTIMISE
MACHINE LAYOUT PROBLEM .....oooiiitee et 455

Mekonnen Liben Nekere, Ajit Pal Singh
OPTIMIZATION OF ALUMINIUM BLANK SAND CASTING PROCESS
BY USING TAGUCHI’S ROBUST DESIGN METHOD ......cccoeoveiiiieinines 461

Shilpa M, Naidu N. V. R.
QUALITY IMPROVEMENT IN MULTIRESPONSE EXPERIMENTS
THROUGH ROBUST DESIGN METHODOLOGY .....ccccoiviiieisienieesie e, 483

Tamara Gvozdenovi¢, Predrag Pravdic¢
STRATEGY LINKING BSC AND ICT ORGANIZATIONS.........cccoeevvrecre 489

Dragan Cvetkovi¢, Milorad Boji¢, Marko Mileti¢,

Danijela Nikoli¢, Jasmina Skerli¢

INFLUENCE OF THE TIMESTEP ON RESULTS OF

OVERHANG OPTIMIZATION ....oviiiiiiiiiiiieiseese e 511

6" 1QC June, 8 2012

Xl



54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Xl

Hesam Mojtahedzadeh
ANALYTICAL REVIEW OF INTERNAL CAUSES OF THE FIRST
CONDITIONAL MOVEMENT DEFEATING IN IRAN......cccevirirrenrieeens 517

Alireza Kelarestaghi, Yaser Mashayekhpoor
ARCHITECTURAL AND STRUCTURAL CHARACTERISTICS OF
STYLE MOSQUES IN TRAN ...ttt 521

Alireza Kelarestaghi, Parisa Sam Daliri
IDENTIFYING THE STEAMS OF ISLAMIC ARCHITECTURAL IN IRAN:
A THEORETICAL APPROACH. ..ottt 525

Dragana Rejman Petrovié, Zora Arsovski, Dragoljub Rejman,
Vladimir Rankovi¢, Zoran Kalini¢, Igor Milanovié
BUSINESS PROCESSES QUALITY IMPROVEMENT MODEL..........cccceue. 529

JSon

IMPROVEMENT OF DECISION MAKING EFFICIENCY BY
SOFTWARE SUPPORT ..ottt 537

cene

IMPROVEMENT OF AN INFORMATION SYSTEM IN FUNCTION OF
BUSINESS QUALITY .ot 543

Jelena R. Jovanovi¢, Dragan D. Milanovi¢, Mirjana Misita, Radisav Duki¢
INVESTIGATIONS OF PRODUCTION FUNCTION IN COMPLEX
BUSINESS MANUFACTURING SYSTEMS ........oooiieie e 551

Aleksandar Nikoli¢, Milan Blagojevi¢, Miroslav Zivkovié,

Aleksandar Aleksi¢, Radovan Petrovié¢

INFLUENCE OF FINITE ELEMENT MESH QUALITY ON

FLUID FLOW CALCULATED WITH SOFTWARE PAK-F EXPLICIT.......... 561

Milan Blagojevic, Miroslav Zivkovic
USER-GENERATED REFERENCE OBJECTS IN PHOTOGRAMMETRIC
3D MEASUREMENT AND QUALITY CONTROL ....ccceovvivriieineieesiesieceen, 569

Andreja Samcovic
ASSURANCE OF QUALITY OF EXPERIENCE AS A
FRAMEWORK TOWARD NEXT-GENERATION NETWORKS ..........cccvnue. 575

Kunal Ganguly
PROCESS IMPROVEMENT FOR ROLLING MILL THROUGH THE
DMAIC SIX SIGMA APPROACH ..ottt 581

Biljana Tesi¢
IMPROVEMENT OF BUDGET ACCOUNTING PROCESSES
MANAGEMENT USING MANAGEMENT INFORMATION SYSTEMS....... 593

6" IQC June, 8 2012



66.

67.

68.

Ivan Doki¢, Slavko Arsovski, Snezana PeSi¢-Dokié
QUALITY AND WORLD CLASS MANUFACTURING .........ccoovevieeiieeciee, 605

Snezana Nesti¢, Miladin Stefanovi¢, Aleksandar Aleksié¢
PROCUREMENT PROCESS METRIC IN MEDIUM
MANUFACTURING ORGANIZATION ....ccoiiiiiieiee e 611

Marina Milanovié, Milan Stamenkovié
CONTROL CHART AND DATA MINING METHODS IN THE
ANALYSIS OF PROCESS DATA ..ottt 619

SCIENTIFIC FOCUS 3 ... 627

69.

70.

71.

72.

73.

74.

75.

76.

Wiestaw Lukasinski
THE PROCESS OF THE FORMATION OF THE QUALITY OF
ORGANISATION'S FUNCTIONING AND DEVELOPMENT .....ccocvveveiireee 629

Miladin Stefanovic, Snezana Nestic, Aleksandar Aleksic,

Aleksandar Djordjevic

CASE OF SUCCESSFUL IMPLEMENTATION OF MOODLE LMS

IN ENGINERING EDUCATION ...ttt sttt 641

Ljiljana Berezljev
TOTAL QUALITY MANAGEMENT (ICC) IN THE EDUCATION SYSTEM —
A CREATIVE APPROACH ..ottt 647

Elizabeta Mitreva
THE NEED FOR PLANNING AND IMPLEMENTING EDUCATIONAL
ACTIVITIES IN MACEDONIAN COMPANIES ... 651

Zoran Kalini¢, Slavko Arsovski, Zora Arsovski,

Vladimir Rankovi¢, Igor Milanovié¢, Dragana Rejman-Petrovié

QUALITY ASPECTS AND METRICS IN M-LEARNING

INFORMATION SYSTEMS ...ttt 663

Mohaddeseh Mojtahedzadeh, Rouhollah Mojtahedzadeh
THE ROLE OF ENGLISH LANGUAGE TEACHING AND LEARNING
IN TRAN L bbb b e sar e sene e 673

Koushiki Choudhury
A MODEL OF QUALITY IN THE EDUCATION SERVICE SECTOR:
AN APPLICATION OF TOPSIS ...ttt 681

Tudor Pendiuc

WAYS OF INCREASING THE EFFICIENCY OF QUALITY MANAGEMENT
IN THE COMMERCIAL COMPANIES UNDER THE AUTHORITY OF

THE ROMANIAN LOCAL COUNCIL IN THE POST-ACCESSION PERIOD
TO THE EUROPEAN MARKET ...ttt eee et e st e s eaee e s anan e 699

6" 1QC June, 8 2012

X1



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

XIv

Alireza Rajabipoor Meybodi
MEASURING SERVICE QUALITY USING SERVQUAL MODEL:
A CASE STUDY OF BROKERAGE OFFICES IN IRAN .......cccoveivriicerininn, 709

Milena Ili¢, Zoran D. Zivkovié¢
PUBLIC-PRIVATE PARTNERSHIP IN FUNCTION OF PROVIDING
QUALITY OF PUBLIC SERVICES .......coiiiiciesee ettt 719

Pawel Nowicki, Tadeusz Sikora
OBLGATORY AND VOLUNTARY FOOD SAFETY MANAGEMENT
SYSTEMS - THE UP TO DATE REVIEW......coiiiiiieiieeteeeee et 723

Petroman Cornelia, Petroman I., Marin Diana, Coman S.,
Dumitrescu A., Statie C., Avramescu Daniela
QUALITY MANAGEMENT IN ECOLOGICAL BEEF PRODUCTION.......... 735

H. V. Raghu, Gaare Manju, B. M.Manjunatha, Santosh Mishra,

Praveen Sawale

BENEFICIAL FACE OF BACTERIOPHAGES: APPLICATIONS IN

FOOD PROCESSING ...ttt st sttt sttt st nae s 743

Eugenia Czernyszewicz
PRODEUCER ASSESSMENT OF EFFECTS OF QUALITY ASSURANCE
SYSTEM IMPLEMENTATION ON A FRUIT-GROWING FARM.................. 755

Rahdari. P- Panahi. B — Mozaphari. A

EFFECT OF FREE AMINO ACIDS SPRAY ON THE SOME

NUTRIENT ELEMENTS ACCUMULATION IN PISTACHIOS

(PISTACHIO VERA L.), OHADI (FANDOGHI) CULTIVAR ....ccocvvvrrrrenne 763

Biljana Cvetkovié, Zvonko Njezi¢, Vladimir Filipovi¢, Biljana Curéié,

Milica Nicetin, Jasmina Gubi¢, Ljubinko Levié

COMPARATION OF EXTRACTION METHODS FOR HPLC
DETERMINATION OF L-ASCORBIC ACID IN VEGETABLES.................... 773

Zvonko Njezié, Biljana Cvetkovi¢, Sandor Kormanjog,
Porde Psodorov, Borde Okanovi¢
MANAGEMENT OF MICROBIOLOGICAL WASTE-CASE STUDY............. 779

Ana Jovici¢, Andelija Ivkov Dzigurski, Snjezana Gagi¢, Irma Erdeji
THE RESEARCH OF THE HOTEL PRODUCT ATTRACTIVE QUALITY
OF THE NATIONAL MONUMENT MUSLIBEGOVIC HOUSE ..................... 785

Zorica Starcevi¢, Milos Jeli¢, Ivana Atanasovska

THE IDENTIFICATION OF MEASUREMENT UNCERTAINTY

SOURCE IN DETERMINING WAGON BRAKED WEIGHT BY

MEANS OF TESTS ..ottt ettt 793

6" IQC June, 8 2012



88.

89.

90.

91.

92.

93.

94.

95.

96.

Jasna Radulovié¢, Milorad Boji¢, Jasmina Skerlic,

Dragan Taranovi¢, Danijela Nikoli¢

ELECTRIC ENERGY GENERATION AND CO,

EMISSIONS OF PV SYSTEMS ... 801

Danijela Nikoli¢, Milorad Boji¢, Jasmina Skerli¢,

Jasna Radulovi¢, Dragan Cvetkovic¢

ESTIMATING THE INDOOR AIR QUALITY IN BUILDINGS

WITH HEAT RECOVERY MECHANICAL VENTILATION SYSTEMS........ 809

Vesna Radonjic, Aleksandra Kostic-Ljubisavljevic, Mirjana Stojanovic,
Vladimir Simic, Branka Dimitrijevi¢
DIFFERENT ASPECTS OF QUALITY IN NGN .....cocoeiiriniriireieresee e 817

Jasmina Skerli¢, Milorad Boji¢, Danijela Nikolic,

Dragan Cvetkovi¢, Vesna Marjanovic¢
OPTIMAL SLOPE FOR INSTALLATION OF A SOLAR COLLECTOR......... 823

Nenad Kosti¢, Milorad Boji¢, Mirko Blagojevic,

Marko Miletié, Jasmina Skerli¢

INFLUENCE OF HEAT BALANCE ALGORITMS TO ENERGYPLUS
PREDICTION OF NET ZERO ENERGY BUILDING BEHAVIOUR............... 831

Marko Mileti¢, Milorad Boji¢, Ivan Mileti¢,

Nenad Kosti¢, Dragan Cvetkovi¢

INFLUENCE OF SOLAR DISTRIBUTION MODELS TO

ENERGYPLUS PREDICTION.......coiiiiieiiiniciienreesre st 837

Mirko Blagojevi¢, Milorad Boji¢, Nenad Kostic,

Marko Mileti¢, Danijela Nikoli¢

INFLUENCE OF SURFACE CONVECTION ALGORITHMS TO
ENERGYPLUS PREDICTION OF NET ZERO ENERGY

BUILDING BEHAVIOUR .....cooiiiiiiiiiteie et 845

Vesna Rankovié¢, Milorad Boji¢, Dragan Cvetkovic,

Marko Miletié, Ilija Nikoli¢

FORECASTING ENERGY CONSUMPTION IN

RESIDENTIAL HOUSE DURING HEATING PERIOD USING
FEEDFORWARD NEURAL NETWORKS........cooii it 853

Vesna Marjanovi¢, Milorad Boji¢, Nenad Miloradovic¢,

Marko Mileti¢, Ivan Mileti¢

INFLUENCE OF NUMBER OF WARMUP DAYS TO ENERGYPLUS
PREDICTION OF NET ZERO ENERGY BUILDING BEHAVIOUR............... 861

6" 1QC June, 8 2012

XV



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

XVI

Veeri Chettiar Arumugam, Rouhollah Mojtahedzadeh,

Ali Asghar Haeri Mehrizi

RELATIONSHIP BETWEEN CRITICAL SUCCESS FACTORS

OF SUPPLY CHAIN MANAGEMENT IMPLEMENTATION,

COMPETITIVE ADVANTAGE AND PERFORMANCE IN THE

IRANIAN AUTOMOBILE INDUSTRY ....ooitiiiietiieiee e 867

Ashwini Sharma, Dixit Garg, Ashish Agarwal
QUALITY MANAGEMENT IN SUPPLY CHAINS:
A LITERATURE REVIEW ......ooiiiiiiitie ettt 877

Igor Milanovi¢, Dragan Milosavljevi¢, Miladin Stefanovic,
Zora Arsovski, Dragana Rejman Petrovic¢
SUPPLY CHAIN MODELING WITH BOND GRAPHS ..., 893

Sandra Milunovi¢, Aleksandar Mari¢, Olga Risti¢
HACCP SYSTEM APPLICATION IN THE WHEAT SUPPLY CHAIN .......... 903

Maja Angelovski, Jelena Cadenovié¢ Milovanovié
CRM IN DISTRIBUTION CENTERS ......ocoiiiiiiieiieee e 913

Nenad Injac
THE DIFFERENT APPROACH TO
INTEGRATED MANAGEMENT SYSTEMS .....ccoviiiiiiieiceee e 919

Katarina Kanjevac Milovanovié¢, Aleksandra Koki¢ Arsi¢, [van Savovié
IMPACT CE MARK ON THE COMPETITIVENESS OF MACHINE.............. 927

Dragana Milin, Slobodan Moraca, Nikola Radakovié,

Sabahudin Jasarevi¢, Miodrag HadZistevic¢

ANALYSIS OF THE POSSIBILITY FOR ESTABLISHING

PROJECT MANAGEMENT OFFICE (PMO)

IN COMPANIES IN SERBIA......coi ittt 939

Jana Chovancova, Emilia Huttmanova, Peter Adamisin,

Martin Rovnak, Janko Hodoli¢

PRACTICAL APPLICATION OF CLEANER PRODUCTION IN

SMALL SIZED ENTERPRISE.......coeiii ettt 947

Srdan Bogeti¢, Dejan Pordevié, Dragan Cocékalo
INTEGRATED MANAGEMENT SYSTEMS - THE WAY TO
IMPROVE COMPETITIVENESS OF LOCAL COMPANIES........c.cccovverirnen. 953

N. V. R. Naidu

DEVELOPMENT OF MATHEMATICAL MODELS FOR

OPTIMAL PREVENTIVE MAINTENANCE POLICY IN A STEEL INDUSTRY::
SIX SIGMA APPROACH. ..ottt st e et ste e se e s 961

6" IQC June, 8 2012



108. Natasa Aleksi¢, Milan Eri¢, Lozica Ivanovi¢, Branko Tadi¢
DATA MODEL FOR CREATING APPLICATIONS FOR
MAINTENANCE AND MANAGEMENT OF THE DOCUMENTATION........ 971

109. Irma Erdeji, Dragan TeSanovi¢, Ana Jovi¢i¢, Snjezana Gagic¢
PROPER FOOD HANDLING: HACCP IMPLEMENTATION,
RULES FOR FOOD HANDLING PERSONNEL .........ccocoiiiiiieienicscscees 977

110. Marina Culibrk, Heidy Schwarczov
IMPLEMENTING ENVIRONMENTAL MANAGEMENT
TOOLS IN LOCAL AUTHORITIES. ......coeiiiereenrenee e 983

LATE ARRIVALS ... 989

111. Muzafer Saracevié¢, Sead Masovi¢, Hamza Kamberovié¢
PROCEDURE DIVISION CONVEX POLYGON
TRIANGULATION AND APPLICATION IN COMPUTER GRAPHICS ........ 991

112. Goran Manojlovi¢, Branislav Jeremié¢, Ivan Macuzi¢, Slavko Arsovski
LEAN CONCEPT AS A TOOL FOR
EDUCATION SYSTEM IMPROVEMENT .....ccoviiiiie e 992

113. Zoran Karastojkovi¢, Zorica Kovagevi¢, Zoran Janjusevi¢, R. Zunjanin
DISAGREEMENT OF HARDNESS AND TENSILE PROPERTIES
IN SOME STEELS AND BRASSES.......ccooiitiieieree e 993

114. Bulent Eker, Aysegiil Akdogan Eker

OPPORTUNITIES TO USE IMAGE PROCESSING
TECHNOLOGY IN QUALITY-BASED PRACTICES. ..o, 994

6" 1QC June, 8 2012

XVII



bl International Quality Conference

XVIII 6" IQC June, 8 2012



6™ International Quality Conference

June 08" 2012

Center for Quality, Faculty of Engineering, University of Kragujevac

Aleksandar Nikoli¢?
Milan Blagojevi¢”

INFLUENCE OF MESH QUALITY
ON FLUID FLOW CALCULATED WITH

Miroslav Zivkovi¢? SOFTWARE PAK-F EXPLICIT

Aleksandar Aleksi¢V
Radovan Petrovi¢

2) Abstract: Paper presents an overview on study of blood

flow in the human body. Basic equations of fluid flow

1) Faculty of Engineering,
University of Kragujevac,
Serbia {dziga, blagoje,
Zile,aaleksic}@kg.ac.rs,

2) College of Applied
Engineering Trstenik, Center
for Power Control
Hydraulics(CPCH), Serbia,
radovanfvk@yahoo.com

flow.

1. INTRODUCTION

Biomechanics is a relatively new
scientific discipline that has emerged from
several scientific disciplines such as
medicine, engineering, computational
science. Expansion of the computer
sciences brings biomechanics to a new
level higher than the level of about 20
years ago. Software for the management of
biomechanical characteristics have
evolved along with computers. In recent
years there are more software programs
that are based on calculations of blood
flow in arteries, air flow in the lungs and
stress conditions in human skeletal system.
Good management of these technologies
may lead to research improvement but also
to cutting costs of research, increasing the
field of application, etc.

Atherosclerosis is one of the most
widespread diseases that affecting blood
vessels in the human body. The studies
presented in [1-4] shows that very
responsible are hemodynamic factors such
as low or reversed wall shear stress.
Computational fluid dynamics (CFD) is an
area of fluid dynamics that can be applied

are presented and the basis for creating software
package PAK-F Explicit for the calculation of viscous
fluid flow. Geometry of the carotid artery is obtained
through the analysis of images from CT scanner. Finite
element models are created on real 3d geometry model.
Presented results show the influence of finite element
mesh quality on hemodynamic parameters of blood

Keywords: Blood flow, FEM, Explicit, Bifurcation,
Wall shear stress

to study the hemodynamic factors in
human body.

The software package PAK-F [5] was
developed at the Laboratory for
Engineering  Software, Faculty  of
Engineering, Kragujevac. It consists of
modules for steady and transient
incompressible  fluid flow with heat
transfer. It is based on finite element
method and on the fundamental equations
of viscous fluid flow. The reason for
development of PAK-F Explicit in
addition to PAK-F software is based on
cost effectiveness and the possibility of
upgrading the software in terms of solving
biomechanical problems. To create an
analysis file for software PAK-F Explicit,
it is necessary to create a model in any pre-
processors such as GID, FEMAP, CATIA
etc. After fluid flow analysis results are
printed in a form that can be post-
processed in other software such as
FEMAP, GiD, Paraview, IDEAS, PAK-G,
etc.

This paper is structured as follows:
basic equations of incompressible fluid
flow and the development of software
PAK-F Explicit are given in the section 2.
In the section 3 — the case study, the blood
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flow through carotid artery bifurcation is
presented which has intention to
investigate capabilities and performances
of software package PAK-F Explicit.
Section 4 gives conclusions and directions
for improvement of software in the sense
of needs of research and software
performances.

The paper has two main goals. The
first one is to show that PAK-F Explicit
software can obtain valuable inputs to
cardiologists who are decision makers in
the sense of health management. The other
goal is to prove that PAK-F Explicit is
qualitative tool for scientific research.

2. BASIC EQUATIONS OF
INCOMPRESSIBLE VISCOUS
FLUID FLOW

Basic differential equations that
governing the flow of an incompressible
fluid [6-8] are the Navier-Stokes equations
given by expressions:

oV,
p[ atl +viv].vjj+ pi—uv;; —f =0 W

%)+(pvi)vi:0 )

Equation (1) represent the second
Newton's law applied to the mass of fluid
in control volume and (2) represents the
continuity equation of fluid flow. In
previous equations p is the fluid density,

V is velocity of fluid, p is pressure of

fluid, z is dynamic viscosity and . is
volume forces.
Using the equation of state it is considered
that the pressure depends on density:
p=p(p) ©)
Speed of sound can be expressed in this
way:
0
=22 @
0
If a material derivative is applied to
pressure from equation (3) it gives the

c

following expression:
Dp op( o
_p:_p[_erpivij )
Dt oJplot
Substituting (5) into (2) and using (4)
following expression is given:
0
E|O+vi p;+pc*V, ;=0 (6)
Using Galerkin method, with appropriate
interpolation functions:
v,=hV, 1=12,...N (7)
p=h,P, 1=12...M (8
and integration by volume of finite

element, a matrix form of equations (1)
and (2) is obtained such as:

MV +K,,V+K,p=F +FK ©)

Mop+Kp, V+Kp=0 (10
Components of this matrix and vectors are:
M, ], :pIhthdV (11)

\Y

[Kw ], = [hvh, dv +
\%

+jyh,,jh“dv (12)
(K], :—Jh,’iﬁjdv (13)
[Fe], =Jh|fivdV (14)
[FS]:'S[h, (—ps, +uv,; )n,ds (15)
[M,], =Jh|thV (16)

[Kev ], = £ [hihy dv 17)

\
[KPP]IJ :\,/[hlﬁl Vi hydv (18)

By grouping equations (9) and (10),
system of differential equations is
presented as:

I b R D

If an two-step explicit scheme for solving
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systems of differential equations is applied
to (19) according to [9]:

1st step

\ /] n+1/2 \ /] n
M, v =M, v —

At n n n n
_?(KWV +Kpp" -F"-F ) (20)

Mppn+1j2 — Mppn _

_%(KPVVH +KPppn):0

2nd step

N /] n+l N n
M, v =M, V" -

_At ( Ky VLN Kvppmm _ FBn _ Fsmuz) (2_’]_)

Mppml — '\"/Ippn _
_At(va 2 g Kpppm/z) =0

that gives the size of the unknown velocity
V and pressure P .

In equations (20) i (21) I\_/Ivi M, are
diagonal mass matrix, where the matrix

M, is determined as follows:

M, =eM, +(1-e)M, (22)
where € is parameter which controls the
numerical stability.

Wall shear stress is a hemodynamic
factor which have great importance to
study the problem of blood flow. In this
case wall shear stress is calculated based
on equation:

p——— (13)
w = —M—"
an wall

where T, is wall shear stress, U, is

tangential velocity and N is the direction
of a unit vector normal to the wall at the
moment.

3. CASE STUDY: INFLUENCE OF
FINITE ELEMENT MESH

QUALITY USED FOR
SIMULATING BLOOD FLOW

Simulation of blood flow through the
carotid artery in human body was carried
out on a realistic three-dimensional
geometry in two cases, two different
topologies of blocks.

3.1. Block's topologies

The geometry of the artery is obtained
by images from CT scanner using STL and
CAD programs. A schematic model of the
carotid bifurcation is shown in Fig. 1.

ECA

CCA

ICA

Figure 1. Schematic model of carotid
artery bifurcation

The finite element mesh was obtained
from discretizing the domain with eight-
noded isoparametric solid elements using a
multiblock meshing technique. Multiblock
method provides different solutions -
meshes for different blocks topologies.
Mesh is created by own software stl2mesh
that has the following tasks: semi-
automatic, user assisted, block topology
development, and generating eight-noded
finite elements inside each of blocks
projecting proprietary nodes directly to
volumetric mesh. In this way, time-
consuming surface reconstruction process
is being bypassed, since our ultimate goal
is quality finite element meshes.

First case of finite element mesh is created
using topology of blocks as on Fig. 2a. In
this case deformed unfavorable elements
are obtained as a result of the blocks that
are closest to the external vertices.

To generate the proper elements of the
entire domain, it is necessary to apply the
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layout of the blocks showed on Fig. 2h.
The finite element model developed from
this topology has a regular mesh as well as
a good representation of its geometry,
which would give a better prediction of its
biomechanical response.

P

| \)
Nk

(b) 2" case
Figure 2. Topologies of blocks

(a) 1% case

On the resulting mesh was applied
loads and boundary conditions and in
proper format is exported for simulating in
software PAK-F Explicit.

3.2. Loads and boundary conditions

Time function that was used is a standard
phase of systole and diastole of one
cardiac cycle in human body (Fig. 3).

4 Systole | Diastole

Input mean flow rate

Flow rate(mi/s)

t _,

Figure 3. Input flow waveform for one
pulse cycle

The boundary conditions for the

calculation model are:

e inlet velocity profile is parabolic 3d
inlet like a fluid flow through a circular
tube,

e on the walls of the artery fluid velocity
is set to zero (no-slip condition) and

e on the output side of artery surface
forces are set to zero.

3.3. Results of simulation in software
PAK-F Explicit

The calculation was performed in 30 steps
(10 by 0.02s and 20 by 0.03s which gives
in total 0.8s). According to the literature
[10-13] following input data is used: the
average flow velocity in the inlet
=16.9[cm/s], density of blood is

Vmean
p=1050[kg/m*] and coefficient of
dynamic viscosity is
1 =0.003675[Pa-s]. Results obtained by

PAK-F Explicit are printed in *. vtk file as
described in [14]. Figure 4. shows the
results of wall shear stress for 1st and 2nd
case of finite element mesh.

On the external carotid artery (ECA)
where cross section is bigger and flow
velocity is smaller there is a low value of
wall shear stress. In these areas where wall
shear stress have small values there is
possibility for the occurrence of
atherosclerosis.

From the results obtained by analyzing two
models of the carotid artery bifurcation it
can be seen that the quality of finite
element meshes affecting a lot on wall
shear stress field. For the 1st case of finite
element mesh wall shear stress has bad
results that are displayed as a line that runs
along the entire artery. In the 2nd case of
finite element mesh results are good and
show that the wall shear stress have
maximum at constriction of blood vessel.
Constriction problems of blood vessel can
be successfully solved by installing the
stents where there is a possibility of total
congestion of blood vessels. After placing
the stent, blood vessel lumen and cross
section is increased. Then same analysis
can be done by following procedure to
gain insights into improving the
functioning of blood vessels of the patient.
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st nd
Step 1> case 2" case
Wall shear stress [Pa] Wall shear stress [Pa]

0.4 0.8 1.2 1.6 0.4 0.8 1.2 1.6
|- il . I e
0 1.8776507 0 1.6728222

Wall shear stress [Pa] Wall shear stress [Pa]
e E 3 - a S B 3 -
0 2.8850796 0 2.5331467

Wall shear stress [Pa] Wall shear stress [Pa]

1 2 3 4 2 3 4
T T n | —
0 4.9976507 0 4.2989801

Figure 4. Wall shear stress
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4. CONCLUSION

Provided case study illustrates the
application of PAK-F Explicit in the study
of hemodynamic characteristics of carotid
artery bifurcation. Also, new software
PAK-F Explicit is tested and its
performances are measured. Software is
able to solve the problems of laminar

viscous incompressible fluid flow and can
be upgraded to solve problems of turbulent
fluid flow. In this paper it is described how
mesh of finite elements is created and how
much this had influence on the final results
of blood flow. In future studies it would be
useful to compare how quality of the mesh
affects on the results of velocity and
pressure of blood in the blood wvessel.
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