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Introduction

The purpose of this project is to obtain systematic experimental data how the deterministic perturbations development
depends on the rheological properties of the shell material in order to verify modern kinetic strength models and 3D-
software complexes.

Subjects of research — spherical shells of the 12Kh18N10T steel and the hardened 30KhGSA steel (HRC 35...40) with
the 30-mm external radius and initial thickness ho =1, 2, 3, 4, and 5 mm.

Explosive loading mode for shells — HE spherical layer with the external radius Rye = 40 mm and thickness hye = 10
mm are synchronously initiated by 96 detonation initiators.

Recording techniques
During explosive loading, the shells convergence was investigated via:

multi-channel laser-interferometry [1],

ultrasmall-direction gamma-tomography [2],

recovery method with the follow-on study of the “softly stopped” converging shells.

After explosive loading, the recovered shells were studied via:

integral small-direction gamma-tomography,

optical and electron (scanning and transmission) microscopy,

X-ray diffraction analysis,

investigation into distributions of microhardness Hy(r,q,J) and hardness H,(r,g,§) over r,g,j.

Results and their discussion

Results are reported in terms of time-resolved streak-camera interferometric records (Figure 1a,b) and the time-dependent
velocity profile Wij(t) [1] determined based on these records and/or numerical calculations (Figure 1c). The value of the
first subscript i = 1 corresponds to the movement of the shell’s internal boundary under the initiators and i = 2 — under the
projections of quadruple collisions between waves from adjacent initiators. The value of the second subscriptj =1, 2, 3, 4,
and 5 corresponds to the nominal initial thickness of the test shell.
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Figure 1. Typical streak-camera interferometric records (a,b) of the hardened 30KhGSA steel shells having different initial thickness hy =

1.94 and 3.98 mm, as well as calculated time-dependent velocities for the internal boundary of steel shells having initial thickness hy = 1, 2, 3,
4, and 5 mm (c).
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Deterministic perturbations developing at the internal boundary of shells were judged by the results of integrating the
t

difference between experimental velocity profiles hj(t)o(‘)(w2j -wy;)dt and the data of the ultrasmall-direction gamma-
0
tomography (Figure 2).
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Figure 2. Integral small-direction gamma-tomographic images of the 12Kh18N10T steel shells having initial thickness hy,.

Distributions of the reduced radiation attenuation factor m(r,q,J)/mnax Over r,g in the meridional microsection of the shells at j = 0° (a,g -
front view) and at j = 90° (b,h — side view). Distributions of the reduced radiation attenuation factor m(r,q,j )/m..., Over r,j in the coaxial
microsections being from the domical part of the shells at distances z = 11.5 mm (c,i — microsection 170), z = 12.27 mm (d,j — microsection
181), z = 15,33 mm (e,k — microsection 225), z = 16,10 mm (f,£ — microsection 236).

In these or other special recovery experiments, many steel shells (Figure 3) were “softly stopped” and then investigated
via scanning electron microscopy (Figure 4) and other methods.
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Figure3. Photos of external (a, b, ¢) and internal (d, Figure 4. Perturbations on th _
e, f) surfaces of the austenitic 12Kh18N10T steel shells  (d, &, f) boundaries of the 12Kh18N10T steel shell having
having different initial thickness.

Conclusions

The obtained comparative experimental data allowed understanding how development of deterministic perturbations
depends on the shell material properties, namely shear and spall strength. Systematic experimental results proved to be
useful for verification of models and numerical codes.

E. A. Kozlov, S. A. Brichikov, D. S. Boyarnikov et al., “Special features in convergence dynamics of steel shells under
explosive loading according to results of laser- interferometric measurements,” Russ. J. The Physics of Metals &
Metallography 112 [4] (2011).

L. P. Brezgina, E. A. Kozlov, V. N. Povyshev, “Ultrasmall-direction and integral small-direction gamma-tomographies:
comparison of their potentialities as for diagnostics of spall and shear fracturing in iron and steel shells under explosive
loading,” Russ. J. Nondestructing Testing, 46 [12] 3-22 (2010).

Page 2 Session 5: Materials: Constitutive Properties, Strength %ﬂf\%
A



	*Russian Federal Nuclear Center – Zababakhin All-Russia Research Institute of Technical Physics, P.O. Box 245, Snezhinsk, Chelyabinsk region, 456770, Russia
	†Institute of Metal Physics, RAS Ural Branch, Ekaterinburg
	Author Contact: e.a.kozlov@vniitf.ru


<<

  /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



