UDK 62(05)=163.42=111

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)

TEHNICKI VJESNIK
TECHNICAL GAZETTE

Volume 31 Number 1
Slavonski Brod, January - February 2024
Teh. vjesn. Pages 1 - 338
Address of Editorial Office Linguistic Advisers and Translators
Strojarski fakultet - Tehnicki viesnik Silva SETINA <H'5°k
Trg Ivane Brlic-Mazuranic 2 Jasna AZMAN

HR-35000 Slavonski Brod, Croatia

Tel.: +385 35 493 423, faks: +385 35 446 446
e-mail: technical.gazette@unisb.hr
http://www.tehnicki-vjesnik.com
http://hrcak.srce.hr/tehnicki-vjesnik

Publisher

Mechanical Engineering Faculty in Slavonski Brod (MEFSB)
Associated Publishers

Faculty of Electrical Engineering, Computer Science and Information
Technology Osijek (FEECSITOS)

Faculty of Civil Engineering Osijek (FCEQOS)

Council of Journal

Drago ZAGAR (FEECSITOS), Chairman
Damir VAREVAC (FCEOS), Member
lvan SAMARDZIC (MEFSB), Member
Zeliko IVANDIC (MEFSB), Member
Antun STOIC (MEFSB), Member

Editor-in-Chief
Pero RAOS (MEFSB)

Vice Editors .
Goran SIMUNOVIC (MEFSB) - Technical Editor
Ivan SAMARDZIC (MEFSB)

Editorial Board

Eduard BABULAK (Fort Hays State University, KS, USA)

Karoly BELINA (GAMF Kecskemet, Hungary)

Miran BREZOCNIK (University of Maribor, Slovenia)

Jie CAO (Xuzhou University of Technology, China)

Hrvoje DRAGANIC (University of Osijek, Croatia)

Matej FISCHINGER (University of Ljubljana, Slovenia)

Nenad GUBELJAK (University of Maribor, Slovenia)

Nenad GUCUNSKI (Rutgers University, USA)

Patrick HAMILTON (Switzerland)

Sergej HLOCH (TU Kosice, Slovakia)

Christian HOPMANN (RWTH Aachen University, Germany)
David HUI (University of New Orleans, LA, USA)

Irena ISTOKA OTKOVIC (University of Osijek, Croatia)

Vinoth Kumar KALIMUTHU, (SSM Institute of Engineering and Technology, India)
Drazan KOZAK (University of Slavonski Brod, Croatia)

Evelin KRMAC (University of Ljubljana, Slovenia)

Grzegorz KROLCZYK (Opole University of Technology, Poland)
Ai-Rong LIU (Guangzhou University, P. R. China)

Dragan MARINKOVIC (TU Berlin, Germany)

Damir MARKULAK (University of Osijek, Croatia)

Goran MARIINQVIC (University of Osijek, Croatia)

Kruno MILICEVIC (University of Osijek, Croatia)

Sanjay MISRA (Institute for Energy Technology, Halden, Norway)
Srete NIKOLOVSKI (University of Osijek, Croatia)

Helmut RAPP (Universitat der Bundeswehr Miinchen, Germany)
Snjezana RIMAC-DRLJE (University of Osijek, Croatia)
Alessandro RUGGIERO (University of Salerno, Italy)

Tomislav SARIC (University of Slavonski Brod, Croatia)

Marija SPERAC (University of Osijek, Croatia)

Aleksandar SEDMAK (University of Belgrade, Serbia)

Hakan TOZAN (Istanbul Medipol University, Turkey)
Jaganathan VENKATESH (Anna University, Tamilnadu, India)
Zhouchao WEI (China University of Geosciences, Wuhan, P. R. China)
Djordje VUKELIC (University of Novi Sad, Serbia)

Council of Experts

Jozef DUHOVNIK (University of Ljubljana, Slovenia), lvica DZEBA (University of
Zagreb, Croatia), Tomislav FILETIN (University of Zagreb, Croatia), Milan
KLJAJIN (University North, Croatia), Janez KOPAC (University of Ljubljana,
Slovenia), Marijan RAJSMAN (University of Zagreb, Croatia), Mladen SERCER
(University of Zagreb, Croatia), Bozo UDOVICIC, Academic (HAZU Zagreb,
Croatia)

Computer Typesetting and Screen Break
Sara HavrliSan (MEFSB)
Dejan Mari¢ (MEFSB)

Print
Grafika d.o.0., 31000 Osijek, Strossmayerova 295
tel.: +385 31 310 300, fax: +385 31 310 303

All papers published in journal have been reviewed.

Journal published bimonthly.
(From No. 1, Vol. 20, January - February, 2013)
Circulation: 250 issues

Journal is referred in (Abstracting and Indexing)

Science Citation Index Expanded (Web of Science) and Journal Citation
Reports/Science Edition (from January, 2008); SCOPUS; INSPEC;
COMPENDEX; Ei-Compendex; Geo Abstracts (Civil Engineering, Process
Engineering and FLUIDEX) (DIALOG, ESA/IRS); Cambridge Scientific Abstracts
(CSA: Metals Abstractss/METADEX, Engineering Materials Abstracts, Ceramic
Abstracts, Corrosion Abstracts, and Materials Business FileSteel Alerts);
Elsevier Biobase; Elsevier GeoAbstracts; PaperChem; EMBASE, EuroPub,
CNKI Database

Annual Subscription
For Croatia 150 EUR (single copy 25 EUR) + 5 % (PDV)
For abroad 300 EUR (single copy 50 EUR) + 5 % (VAT)

Payment

Payment should be transferred to the following:

Bank: Privredna banka Zagreb d.d., HR-10000 Zagreb, Radnicka cesta 50,
Croatia

For international bank transfer please use
IBAN: HR0923400091111084627
SWIFT CODE: PBZGHR2X

For domestic bank transfer please use
IBAN: HR0923400091111084627, model: 05, poziv na broj: broj predracuna

User (IBAN holder)
Sveuciliste u Slavonskom Brodu
HR-35000 Slavonski Brod, Croatia

Price of Advertisements
B&W printing: 1/4 page - 150 EUR; 1/2 page - 300 EUR and 1/1 page - 600
EUR. For colour printing is required to make extra arrangements.

Registration of Journal

According to the Article 58 of the Law on Public Information ("Official
Gazette/Narodne novine" No. 22/1992), the Journal is registered on the 27th
October 1993 under number 468. The Journal is printing partly by financial support
of the Ministry of Science and Education of the Croatian.

Clarivate Analytics 2022 Journal Citation Reports (JCR): IF 0,9
Preparation Ended: 2024-2-15

Under the patronage of:

¢88@® REPUBLIC OF CROATIA
Ministry of Science and
¥" Education

2 Clarivate ; Crossref (/ iThenticate’

Analytics Similarity Check Professional Plagiarism Prevention

Powered by iThenticate

@ESAMGhs @®




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

  /CreateJDFFile false
  /Description <<

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

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


