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Introduction

The paper presents the results of numerical simulation of the series of experiments made at VNIIEF [1] to
study the spall fracture in beryllium while loading by non-stationary waves of s, = 25-30 GPa amplitude.
These waves have been induced to the plane targets due to explosion of HE TNT/RDX 50/50 charge,
initiated by a plane wave generator with foam lens. The thickness of the targets and the HE charges were
varied in these experiments (Dg./Dne = 7/7, 7/14, 7/30, 3/7 and 20/100 (mm)). The principal set-up of the
tests is similar to that one from [2].

The results of the series of experiments have pointed to the weak dependence of the spall layer thickness on
the HE charge thickness. The goal of this work was searching the possible causes of such anomalous
dependence for beryllium.

Constitutive Equations

To simulate the beryllium behavior the modified RING model [3], which takes into account the effect of
compression and strain strengthening and thermal softening, as well as relaxation of elastic stresses, has been
used together with Mie-Gruneisen EOS with variable Gruneisen’s coefficient 7,=7,(d). The parameters of
these constitutive equations for beryllium are presented in [3].

The most perspective approach to simulate the spall fracture among existing ones is kinetic approach and,
particularly, the two stage kinetic model of spallation (of NAG type [4]), which is dynamically developed at
VNIIEF [5]. The values of six parameters of this model for the beryllium (see Table 1) are based on the

experimental results from [6], where the free surface velocity of the plane targets has been recorded in case
of low-intensity loading.
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Table 1, Parameters of kinetic model for beryllium

The detonation process in TNT/RDX has been considered using two-phase EOS taking into account the
kinetics of detonation evolution.

Numerical Simulation

Experimental free surface velocity of the target W(t) and pressure P(t) in the PTFE base plate are compared
with numerical curves in Figure 1.

We consider two possible reasons of overestimating the maximum velocity of free surface in simulations
comparing to the experiment. First one is an effect of detonating process evolution in the composite HE used,
and second one is possible understating of shear strength of the beryllium in the RING model used.

However, the arrival of the so called “spall pulse” (time moment t.;, in Figure 1a), which is defined by the
spall layer thickness, is quite adequately simulated for three experiments among five done: Dge/Dne = 7/7,
7/14 and 3/7 (mm). For these tests we obtained the correct simulation of experimental pressure dependences,
which were registered by manganin gauge while de-acceleration of the target on the base plate, also: a good
agreement between calculation and experiment for both the amplitude and the duration of the P(t) first pulse
is seen from Figure 1b.
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To exclude the possible effect of detonation kinetics in TNT/RDX 50/50 the specialized experiment has been
done, where the beryllium target of 20 mm thickness underwent the contact explosion of TNT/RDX 50/50
charge of 100 mm thickness. Comparison of two W(t) curves shows, that the calculated time of arrival of
spall pulse and the spall layer thickness, consequently, exceeds the experimental values more than 5 times.
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Figure 1, Calculated and experimental [1] curves W(t) and P(t) for test Dg;=7mm, Dyg=14mm

So, there is correct simulation of spall nucleation in such brittle material as beryllium under explosion of thin
charges of HE (~20 mm) and there is a significant discrepancy between numerical and experimental data in
case of thick HE charges (>20mm).

As an illustration of this statement the numerical simulation of one of the tests from [2] has been performed.
In case of target thickness 5 mm and HE TNT thickness 20 mm there is a quite good reproducing of the spall
pulse arrival time at W(t) curve in the calculation, i.e. a quite good description of the spall layer thickness.

Conclusion

The existing experimental data concerning the spall fracture of beryllium under explosive loading cannot be
simulated in a single manner by using modern models of high-rate deformation and spallation. The possible
ways to search the reasons are: 1) softening of the beryllium behind the shock wave front; 2) change of
beryllium deformation character while the strain rate increasing, the so called brittle-to-ductile transition; 3)
effect of detonation evolution kinetics in HE charges.

References

[1] V.A. Arinin, V.1. Skokov, K.N. Panov et al, “Spall fracture in beryllium under explosive loading,” in XIlII
Khariton’s Readings (Sarov, Russia 2011) p.164.

[2] L.M. Hull, J.R. Faulkner, M.E. Briggs, E.N. Ferm, “Explosively Driven Damage in Beryllium,” in 16th
APS Topical Conference “Shock Compression of Condensed Matter” (Nashville, Tennessee, USA, 28 June —
3 July 2009).

[3] O.N. Ignatova, V.A. Raevsky, S.S. Nadezhin, “Growth of defining relations of beryllium,” in XIII
Khariton’s Readings (Sarov, Russia 2011) p.184.

[4] T. Barbee, L. Seaman, R. Crewdson, D. Curran, “Dynamic Fracture Criteria for Ductile and Brittle
Metals,” J.Materials 7 [3] 393-401 (1972).

[5] O.A. Tyupanova, S.S. Nadezhin, “Numerical analysis of temperature effect on spall in natural uranium,”
in New Models and Hydrocodes for Shock Wave Processes in Condensed Matter (Paris, France, 23-28 May
2010).

[6] Yu.l. Mescheryakov, A.K. Divakov, Yu.A. Petrov et al, “On the dynamic plasticity and strength of
polycrystalline beryllium,” Int. J. of Impact Engineering [30] 17-29 (2004).

Page 2 Session 6: Material Ejecta, Spallation and Damage T~

V NITITEEFE



	*RFNC-VNIIEF, Sarov, Russia


<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts false

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /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 true

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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



