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a. two dimensional diagram
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b. three-dimensional structure

Fig.1 Schematic diagram of the circumferential linear EFP structure of shaped charge with metal liner
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Fig.2 Numerical model of shaped charge penetrating borehole wall
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Table 1 Material parameters of the Johnson-cook model for the metal liner
material p/g-cm™ A/MPa B/MPa n m D, D, D, D, D,
oxygen-free copper 8.93 90 292 0.31 0.025 1.09 0.54 4.89 -3.03 0.014 1.12

Note: p is the density. A is the yield stress. B is the modulus of strain hardening. n is the strain hardening exponent. C is the strain rate correlation coefficient. m is the

temperature correlation coefficient. D,~D is the material failure parameter.

®2 MEGMEHWLESE
Table 2 Material parameters of the JWL for the explosive

material pl/g-em™  D/m-s"" p,/GPa A/GPa B/ GPa R, R, ® Ey/):m™
Comp B 1.717 7980 29.5 524.2 7.678 4.2 1.1 0.34 8.5%10°
emulsion explosive 1.100 4500 9.7 214.4 0.182 4.2 0.9 0.15 4.19x10°

Note: p is the density. D is the detonation velocity. p.,isthe C-J pressure of detonation wave. A and B are the pressure coefficients. R, and R, are the principal and sec-

ondary eigenvalues, respectively. w is the parameter related to the properties of the explosive. E is the specific internal energy per unit mass of the explosive.
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Fig.3 Pressure contours of detonation wave propagation process with metal liner of shaped charge and air gap of 6cm
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Fig.4 Linear EFP forming process and overall distribution of shaped charge with metal liner
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Fig.5 The velocity contours of the formation process of the shaped charge without the metal liner
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b. penetration of the hole wall by concentrated detonation product flow

Fig.6 Sectional view of hole wall penetration with borehole diameter of 20 cm and air gap of 6 cm
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Fig.10 Coordinate point of concentrated detonation product flow contour without metal liner of shaped charge and air gap of 10 cm
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Table 3 The volume of concentrated detonation product flow in different velocity regions at the axis of shaped energy cm’
airgap/cm V, Vv, Vv, Vv, Vi A A Vy A
6 1.400 5.096 6.839 7.934 10.225 6.655 7.156 6.371 3.801
8 0.854 4.879 11.901 10.916 17.896 8.294 8.857 13.690 8.515
10 1.067 5.303 12.503 13.381 32.074 9.929 10.016 24.625 10.861
12 1.199 3.731 14.758 14.293 40.679 21.266 11.683 30.803 22.950
14 1.704 3.623 15.776 19.188 56.658 13.847 21.065 23.150 49.453

Note: V,—V, are the volume of concentrated detonation product flow in different velocity regions.
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Fig.11 The penetrating aperture d=1.8 cm after EFP treatment at different air gaps
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Table 4 The head velocity of EFP and concentrated detona-
tion product flow and kinetic energy per unit area at the axis

of shaped energy

concentrated detonation

EFP
product flow

airgap/cm  v/mes' E /kJrem™  v/mesT E /kJecm™
6 1834 3.772 5364 6.822

8 1800 3.045 5240 4.357

10 1790 2.584 5020 2.655

12 1783 2.200 4807 1.497

14 1770 1.940 4529 1.016

Note: v is the head velocity of EFP and concentrated detonation product
flow. E_is the kinetic energy per unit area of the EFP and the concen-

trated detonation product flow at the shaped energy axis.
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Fig.12 The fitting curve of kinetic energy per unit area at the
axis of shaped energy when EFP and concentrated detonation

product flow arrived at the borehole wall
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Effect of Air Gap in Borehole on Directional Penetration of Shaped Charge with/without Metal Liner

CAllJing-jing', XU Xuan', CHEN Zhan-yang’, YANG Jun'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology  Beijing 100081, China; 2. School of Civil and Transportation
Engineering , Henan University of Urban Construction , Pingdingshan 467036, China)

Abstract: In order to explore the influence of the radial air gap in the hole on the directional penetration effect of shaped charge
with/without metal liner and the detonation energy transfer process of explosive, ANSYS/LS-DYNA software was used to carry
out the numerical simulation study when the air gap of the charge in the hole was 6, 8, 10, 12, 14 cm. The process of central-
ized release of energy from the shaped charge with metal liner forming an EFP and without metal liner forming concentrated deto-
nation product flow as well as the depth of directional penetration into the borehole wall, was analyzed. The results show that
when the air gap is less than 10 cm, the penetration depth of concentrated detonation product flow into the hole wall is in-
creased by 53% (6 cm) and 29% (8 cm), respectively, compared with the average penetration depth of EFP. When the air gap
was greater than 10 cm, the average penetration depth of EFP increased by 26% (12 cm and 14 cm) compared with the concen-
trated detonation product flow. The kinetic energy of EFP and concentrated detonation product flow per unit area through the
hole wall on the shaped energy axis was calculated, it is found that when the air gap is small, the energy dissipation of concen-
trated detonation product flow in the air is less than that of EFP plastic deformation, and the penetration effect of concentrated
detonation product flow on the hole wall is better. When the air gap is large, the density and kinetic energy at the axis of the con-
centrated detonation product flow are significantly reduced due to the spatial expansion of detonation products, while the EFP
has high density and incompressibility, small energy dispersion and slow decay of kinetic energy, so the penetration effect of
EFP on the hole wall is better than that of the concentrated detonation product flow.

Key words: shaped charge;air gap;concentrated detonation product flow ;explosive energy;directional control
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LS-DYNA was used to carry out numerical calculation, and the directional penetration effect of shaped charge with/without
metal liner on the hole wall was studied under different air gaps, and the kinetic energy of concentrated detonation product flow
and EFP on the charge axis was calculated. By considering the energy consumption caused by the plastic deformation of the
charge cover, the transmission mechanism and utilization law of explosive energy of shaped charge with/without metal liner are

revealed.
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