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INTERACTION OF A SHAPED-CHARGE JET WITH A TARGET

POSSESSING AN AXIAL ORIFICE

UDC 532.2E. V. Proskuryakov,1 M. V. Sorokin,1 and V. M. Fomin2

Interaction of a shaped-charge jet with a target possessing an axial orifice is studied experimentally.
For an orifice diameter approximately equal to 0.2D, where D is the shaped-charge diameter, the
shaped-charge penetration depth is found to be substantially reduced owing to deviation of the shaped-
charge jet axis from the shaped charge axis because of imperfections of the manufacturing technology.
A diameter of the target orifice providing unconstrained penetration of the shaped-charge jet is de-
termined.
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It is known that various devices (instruments, tools, igniters, etc.) possessing axial channels [1] can be placed
ahead of the shaped charge (SC) [1]; these devices affect the SC penetration depth. Interaction of a shaped-charge
jet (SCJ) with a target possessing an axial orifice (channel) was studied in solving various applied problems.

In an ideal case, the SCJ is expected to penetrate through the target without any constraints if the channel
diameter d is greater than the SCJ diameter. In practice, the SCJ axis deviates from the SC axis of symmetry
because the SC production technology is not perfect, and the SCJ elements are scattered in a certain solid angle
around the SCJ axis. In addition, the SCJ can interact with the channel walls in different regimes (penetration,
rebounding, etc.).

The experiments arranged to study the SCJ interaction with a target are schematically illustrated in Fig. 1.
The experiments were performed on model charges with a diameter D = 56 mm, the explosive charge was 40/60
TNT/RDX, and a copper liner with an apex angle equal to 50◦ was used. The assembly was mounted on a packet
of armored plates of medium hardness. The velocity of the leading SCJ front was 7.5 km/sec. The SCJ x-ray
photographs taken at different times are shown in Fig. 2. The SCJ diameter did not exceed 0.1D. The length of
the target with the orifice was 1.8D. The angle of deviation of the SC axis from the orifice axis due to assembling
was smaller than 0.2◦.

Experimental results are summarized in Table 1 [h is the penetration depth in the case the target has an
orifice (see Fig. 1), 〈h〉 is the mean value of h, σ is the root-mean-square deviation of h, and f is the distance
between the SC and the target with an orifice]. The diameter of the axial channel was d = 0, 0.1D, 0.2D, 0.3D, or
D. The case with d = 0 implied that there was no orifice in the target, and the case with d = D implied that there
was no target with an orifice. The distance between the SC and the target was f = 1.4D, 3D, or 4.6D. A series of
experiments including 4–5 blasts was performed for each value of d and f .

Test No. 14 (with the orifice diameter equal to 0.3D and the distance between the SC and the assembly
base equal to 6.4D) showed that the SCJ experiences no constraints in passing through the orifice. The angle of
deviation γ of the SCJ axis from the SC axis is approximately 1◦, which is caused by the errors in SC production.
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Fig. 1. Experimental arrangement.
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Fig. 2. X-ray photographs of the SCJ taken at t = 30 (a) and 45 µsec (b).

The effect of the wall thickness variation of the SC liner on the angle of deviation γ of the SCJ axis is
determined by the parameter Δ/δ (Δ is the wall thickness variation of the SC liner and δ is the liner thickness [2]).
As the charge diameter D increases, the wall thickness variation Δ usually remains unchanged, and the liner
thickness δ increases in proportion to D; as a result, the wall thickness variation Δ exerts a smaller effect on the
angle of deviation γ of the SCJ axis from the SC axis [2, 3]. The dimensionless orifice diameter necessary for
unconstrained SCJ passage can be expected to decrease with increasing diameter D.

In test Nos. 11 and 13, the presence of the orifice leads to significant reduction of the SC penetration depth:
the penetration depth in the case without the orifice is greater than the penetration depth in the case with the

900



TABLE 1
Experimental Results

Test
number

f/D d/D h/D 〈h〉/D σ State of the channel after SCJ passage

1 1.4 0 4.05, 3.70, 4.07, 3.89, 3.86 3.91 0.15 No channel in the target

2 1.4 0.1 3.57, 4.91, 5.50, 4.59, 3.69 4.46 0.82 Broken

3 1.4 0.2 6.09, 5.86, 5.86, 5.89, 5.38 5.82 0.26 Partly broken

4 1.4 0.3 6.16, 5.89, 6.77, 6.30, 6.30 6.29 0.32 Not broken

5 1.4 1.0 6.59, 6.48, 6.29, 6.34, 6.34 6.41 0.12 No target with a channel

6 3.0 0 4.80, 4.69, 4.50, 4.55, 4.55 4.62 0.12 No channel in the target

7 3.0 0.1 3.96, 4.89, 3.57, 3.75, 4.89 4.21 0.63 Broken

8 3.0 0.2 6.34, 5.38, 5.85, 5.38, 4.38 5.47 0.73 Partly broken

9 3.0 0.3 6.02, 6.50, 6.82, 5.89 6.31 0.43 Not broken

10 3.0 1.0 6.34, 5.54, 6.34, 7.26, 6.34 6.36 0.61 No target with a channel

11 4.6 0 4.55, 3.75, 4.55, 5.48, 4.55 4.59 0.61 No channel in the target

12 4.6 0.1 4.95, 3.63, 4.79, 4.63, 4.96 4.59 0.56 Broken

13 4.6 0.2 3.04, 3.93, 3.18, 4.39, 4.00 3.77 0.68 Broken

14 4.6 0.3 6.20, 6.07, 6.14, 3.92, 5.93 5.65 0.97 Partly broken

15 4.6 1.0 6.23, 4.90, 6.46, 6.46, 6.73 6.15 0.73 No target with a channel

orifice approximately by 0.8D. Such a decrease in the SC penetration depth can be hardly explained within the
framework of the hydrodynamic model of penetration [4]. It is assumed that angular scattering of the SCJ leads to
its interaction with the orifice surface, which involves SCJ rebounding and its curving in an oblique shock wave [5].
As a result, the penetration depth of the curved SCJ becomes considerably smaller.

Thus, the SCJ interaction with a target possessing an axial orifice is studied experimentally. A diameter
of the target orifice providing unconstrained penetration of the shaped-charge jet is determined. For an orifice
diameter approximately equal to 0.2 of the charge diameter, the SCJ penetration depth is found to be substantially
reduced owing to SCJ curving as a result of its rebounding from the orifice surface.

REFERENCES

1. M. M. Rastopshin, “Methods of fighting against tanks equipped with dynamic protection,” Tekh. Vooruzh.,
No. 10, 14–20 (1977).

2. V. A. Tarasov, V. D. Baskakov, and M. A. Dubovskoi, “Influence of technological heredity on the penetration
effect of shaped charges,” Oboron. Tekh., No. 4, 54–59 (1995).

3. L. P. Orlenko (ed.), Physics of Explosion [in Russian], Vol. 2, Fizmatlit, Moscow (2004), pp. 299–309.
4. M. A. Lavrent’ev and B. V. Shabat, Hydrodynamics Problems and Their Mathematical Models [in Russian],

Nauka, Moscow (1973), pp. 260–270.
5. V. M. Fomin, A. I. Gulidov, G. A. Sapozhnikov, et al., High-Velocity Interaction of Bodies [in Russian], Izd. Sib.

Div. Ross. Akad. Nauk, Novosibirsk (1999), pp. 387–390.

901



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 225
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


