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ANALYZA A EXPERIMENTALNE MERANIE ZATAZENIA RAMENA
MANIPULATORA K1-K5

ANALYSIS AND EXPERIMENTAL MEASUREMENT OF THE
MANIPULATOR K1-KS5 ARM LOADING

Jan VAVRO, Miroslav KOPECKY, Miriam FANDAKOVA'!

Abstrakt
Clank sa zaobera statickou analyzou ramena manipulatora KI1-K5 pomocou
matematického modelovania metdédou konecnych prvkov pri pouziti programov Pro-Engineer
a Cosmos M. Vysledky experimentidlnych merani su porovnavané s numerickou analyzou
konstrukcie manipulatora metdédou konecnych prvkov. Analytické vysledky su overované
v bodoch (1) a (2) na obr.6 a porovnavané s nameranymi hodnotami overenymi experimentalne
pouzitim odporovych tenzometrov.
KPicové slova: zatazenie, staticka analyza, Cosmos M, Pro-Engineer, experimentalne
meranie, snimag.
Abstract
The article is dealing about static analyse of the K1 - K5 manipulator arm loading by the
help of the mathematic modelling of finite element method with utilization of Pro-Engineer and
Cosmos M programs. Experimental results of the measurement are compared to numerical
analysis of manipulator structure based on finite elements methods. The analytical results are
evaluated for points (1) and points (2) Fig.6 and compared with the measured value obtained in
testing using an electric resistance strain gauge.
Keywords: loading, static analysis, Cosmos M, Pro/Engineer, experimental
measurement, strain gauge.

UvVoD

Hlavnym vyrobnym programom Matador Machinery, a. s. Dubnica nad Védhom su
zariadenia pre gumarensky priemysel, ktoré
tvoria  vsufasnosti 75 %  produkcie.

0 Wi K vyrobnému programu pre  gumadrensky

) priemysel patri i manipulator K1-K5 (obr.1)

ktory sluzi na prenos formy pri vulkanizatnom

lise pri vyrobe pneumatik.

Rameno manipulatora LA 425 ktorého
statickd analyza bola urobena sohladom na
prevadzkové zat'azenie je na obr.2.

Manipulator bol nakresleny pomocou
systtmu Pro/Engineer, ktorého geometria bola
pretransformovand pomocou stboru Igs do
B programu pre vytvorenie konecno-prvkového
Obr.1 Manipulator K1 —KS5 modelu.
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Obr.2 Rameno manipulatora LA 425

VYPOCET NAPATIA V RAMENE MANII,’ULATORA PRI STATICKOM
ZATAZENI

Numericka analyza ramena LA 425 u manipulatora K1-K5 bola vykonana pre statické
zat'azenie 4 000 kg pre najvacsie rameno zavesu zat'aze.

Pre rameno manipulatora LA 425 (obr.2) bol vytvoreny kone¢no-prvkovy model (obr.3)
pomocou objemovych prvkov.

¥

Obr.3 Konecno-prvkovy model ramena manipulatora LA 425

Material ramena je 11 523.1. Statickd analyza ramena manipulatora zahriiuje rieSenie
rovnovaznych rovnic (1). Ststava

[KJu}=1{R} . )
sa rie$i Gausssovou elimina¢nou metodou. Gausova eliminacia predpoklada pozitivne definitny
symetricky systém rovnic. Algoritmus vykonava minimalny pocet operacii, t.j. nevykonavaji sa
operacie L"DL s nulovymi prvkami.

Po vypocte posunuti uzlovych bodov sa vypocitaji napétia v prvkoch. Vztah medzi
vektorom deformacie {&} a posunutim vyjadruje rovnica (2)

tef=[Blu} . ?)
kde matica [B] je matica transformacie deformacie - posunutia. Vektor napétia {0'} je vyjadreny
ako sidin matice transformécie napitia-deforméacie [D] s vektorom deformécie {s}:

{o}=[De}. 3)

Dosadenim (2) do (3) ziskame vztah medzi vektorom napiti {a}a vektorom posunuti
uzlovych bodov {u}

lo}=IpIBJu} . @

Rozlozenie napétosti v ramene manipulatora je v [MPa] na (obr.4). a detail rozlozenia
napétosti je na (obr.5).
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Obr.4 RozloZenie napétosti v [MPa] Obr.5 Detail rozloZenia napétosti v [MPa]

EXPERIMENTALNE MERANIE V RAMENE MANIPULATORA PRI
STATICKOM ZATAZENI

Experimentalne meranie sa uskuto¢nilo pomocou meracej aparatury M 1000 cez meraciu
kartu PCL 818L. Pre meranie sa pouzili tenzometre SM 120 s deformacnou citlivostou
tenzometrov k =2. Meranie sa uskuto¢nilo v bode 1 a2 obr.6 pre statické zat'azenie F =2 000 kg.

Obr.6 Body merania pomocou tenzometrov

Vysledky experimentalneho merania v bode 1 a 2 s na obr.7

6 A
[MPa] @
)

0 1 2 3 4 5 6 7 8 t(s

Obr.7 Priebeh zatazenia na ramene manipulatora v bode 1 a v bode 2
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ZAVER

Porovnanim numerickych a experimentalnych vysledkov v danych bodov 1 a 2 mozno

konstatovat' takmer Uplni zhodu. Rameno LA 425 v plnom rozsahu vyhovuje pre bezpecnu
a spolahlivll prevadzku podla CSN 730035. Maximalne zatazenie sa dosahuje u ramena LA 425
(obr.4) 133 MPa, ktoré je menSie ako 64,,=210 MPa.

Prispevok vznikol na zaklade finan¢nej podpory grantového projektu VEGA 1/2081/05

a KEGA 3/3213/05.

LITERATURA

VAVRO, J., KOPECKY, M.: Nové prostriedky a metody rieSenia sustav telies I, ZUSI,
Zilina, 2001

VAVRO, J., KOPECKY, M., SAGA, M., FANDAKOVA, M.: Nové prostriedky a metédy
rieSenia sustav telies II, Digital Graphic, Trenc¢in, 2004

KOSTIAL, P.: Fyzikdlne zdklady materidlového inZinierstva I, ZUSI, Zilina, 2000
KOSTIAL, P.: Fyzikdlne zdklady materidlového inZinierstva II, ZUSI, Zilina, 2002
TREBUNA, F., SIMCAK F.: Odolnost prvkov mechanickych sistav, EMILENA, Kosice,
2004

SAGA, M.: Prispevok kpevnostnému dimenzovaniu tenkostennych ramov, zbornik
pracovného semindra “SETRAS” 97, Zilina, 1997

SAGA, M.: Pevnostné vypocty konstrukcii kolajovych vozidiel, zbornik pracovného
seminéra “ Zelezni¢na kol'aj a vozidlo” Stara lesn4, 1991

TREBUNA, F., BIGOS, P.. Intenzifikicia technickej spésobilosti tazkych nosnych
konstrukcii. Vienala, KoSice, 1998, 345 str., ISBN 80-967325-3-6

TREBUNA, F., gIMéAK, F.: Tenkostenné nosné prvky a konstrukcie. Vienala, KoSice,
1999, 270 str., ISBN 80-7099-444-4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


