7th European LS-DYNA Conference

Modelling of the deformation and fracture behaviour
of laser welds for crash simulation

Silke Sommer"’, Frederik Klokkers ¢

_ YFraunhofer Institut Werkstoffmechanik IWM, Freiburg, Germany
)Laboratorium fiir Werkstoff- und Flgetechnik LWF, Paderborn, Germany

Summary:

The light weight potential in automobile fabrication is increasing due to the development of new high
strength steels. The realisation of this potential requires the use of adjusted joining techniques for the
combination of optimized material properties with optimized joint properties. With the development of
laser welding to a series-production technology a joining technique is available to practise the light
weight potential of high strength steels. The advantages of laser welding compared to conventional
welding techniques are the high process velocity, the low thermal influences of the material and the
flexibility in joint figure and position [1, 2]. The flange width can be reduced that leads to weight
reduction and design advantages. Softening in the heat affected zones beside the welds is avoided
because of the compressed heat input during laser welding. The strength of the high strength steels
remains in the joint.

The application of laser welding is increasing for joining automotive components to the body in white
[3]. But laser welding is less used compared to conventional joining techniques like spot welding. The
reasons are the missing knowledge about crash worthiness of laser welds and missing methods to
model the laser welds in crash simulation. The questions are how laser welds behave under crash
loading: What are the experimental methods for a reliable characterisation? What are the numerical
methods for an efficient simulation of the load-bearing capacity of the joints? A working group of FAT
AK27UA crash and occupants simulation initiated a research project to answer these questions.

Two different weld geometries of laser welded step welds were investigated. Those are short linear
and c-shaped welds as single parts of the step welds. The investigations of the laser welded joints are
done using two different steel kinds. First a low strength steel, DC04, with a tensile strength of about
300 MPa and second a high strength steel, TRIP700, with a tensile strength of about 670 MPa are
used. The laser welding of the 1.5 mm and 2.0 mm thick steel sheets was done by Daimler Forschung
in Ulm, Germany. Metallographic investigations of the welds were done. The welds were cutted and
grinded and hardness profiles were measured over the weld. The average hardness was about 200
HVO0.1 in the weld metal of DC04 linear welds compared to 100 HV0.1 in the base metal. The average
hardness was about 470 HV0.1 in the weld metal of TRIP700 linear welds compared to 215 HV0.1 in
the base metal. The width of the linear laser weld was about 1 mm and the length of the single linear
laser weld was about 18 mm.

Single welds were characterised using different specimen geometries to realise different loading
situations like shear, tension, bending and combined shear-tension (KSII-0°,-30°,-60°,-90°, coach-peel
and shear-tension specimens). For investigation of strain rate effects the loading velocity has been
varied between quasi-static and 1.5 m/s. The load bearing capacity of the DC04 linear laser weld
under shear-tension and KSII-0° are less (about 10 %) than under tension (KSII-90°) loading. The
linear laser weld is shear loaded in weld direction with the KSII-0° specimen and perpendicular to the
weld direction with the shear-tension specimen. In both shear loading cases the weld fails through
interfacial fracture. In all other loading situations like KSI11-90°,-30°,-60° and coach-peel the welds were
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buttoned out or peeled out of the connection. While investigating the linear welds in TRIP700 some
changes in fracture mode occurred. Here, interfacial fracture occurred also in other loading situation
especially under bending loading in the coach-peel specimen test. The scattering of load bearing
capacity is higher as a result of the changes in fracture mode compared with the results in DC04 steel.

For investigation of the local loading situation a detailed model with solid elements for the sheets and
the weld is used containing different material zones for base metal, heat affected zone and weld
metal. The result of this detailed simulations was, that the loading in the weld line is not
homogeneous. For example under tension loading, KSI11-90°, there are high normal stresses located in
the base metal at the ends of the linear weld. The distribution of loading is also seen in a simplified
model. Here the laser weld of 18 mm length is modelled using five connected solid elements. The
metal sheets are modelled with shell elements, of course. The elastic-plastic material model
*MAT_024 without failure strain is used for the shells. The cohesive material model *“MAT_ARUP_
ADHESIVE is used for the solid elements of the laser weld defined here as cohesive elements. The
fracture parameters of “MAT_ARUP_ADHESIVE are determined with simulation of shear-tension and
KSII-90° tests taking into account the local distribution of shear and normal stresses in the weld. The
exponent in the fracture law is optimised using the test results of KSII-30° and -60°. It is possible to
model the coach-peel and KSII-0° tests, which were not used for parameter determination. But this is
only possible for the laser welds in DC04. The same strategy leads to an overestimation of strength of
nearly 100 % in the coach-peel simulation for TRIP700 laser welds because of the changes in fracture
mode. To take this into account, a separate fracture criteria for bending is necessary and a material
model for spot welds, *MAT_SPOTWELD DAIMLERCHRYSLER, was used successfully taking
energy absorption behaviour with the new option DG_TYP=3 into account.

For the verification of the laser weld modelling component test are done using a so called T-specimen
with four or six critical loaded laser welds depending on the loading direction. The simulations of the
component tests with specimens made of DC04 have shown a good agreement with the test results
using the cohesive material model for the simplified laser weld model. While simulating the TRIP700
component tests with the spot weld model the basic necessity of modelling the energy absorption was
shown.

Keywords:

laser welding, characterisation of joints, testing of joints, simulation and simplified modelling of laser
welds, crash simulation, component tests and simulation

Acknowledgement:

This work was provided by the AVIF e.V. (Research association of the working group of the iron and
metal manufacturing industry) and FAT e.V. (Research association of automobile engineering). The
research project was sponsored by the “Stiftung Stahlanwendungsforschung im Stifterverband fur die
Deutsche Wissenschaft e.V.”. Sincere thanks are given for the sponsorship. Sincere thanks are given
also to the working group FV4 ,Modelling of linear joints“ of the FAT AK27 UA crash and occupants
simulation.

Literature:

[11  Cramer, H.: “Einflu der Bauteilgeometrie und der Legierungselemente auf die Schweil3eignung
von Stahlen zum Laserstrahlschweil3en”, report of AiF-Nr. 12.148 N, DVS-Nr. 6.030, SLV-Nr.
5117/02, 2002

[21  DaimlerChrysler Hightech Report 2/2004: “Schneller Schweillen”, 2004

[3] Feucht, M., Haufe, A., Pietsch G.: “Modelling of Adhesive Bonding in Crash Simulation”, 6th
LSDYNA-Forum, Frankenthal, 2007

© 2009 Copyright by DYNAmore GmbH




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /DEU <>
  >>
  /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


