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Table 1 Material parameters and calumniation models""®!
section materials (/j;n.SICthJ ::’s(rj]eglth E?l;taattlgn
explosive 8701 1.69 High_explosive_burn JWL
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air - 1.29%x107  Null Gruneisen
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Fig.2 Simulated results of EFP formation and the equivalent

model
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in water

R2 BUENTEITRE

Table 2 Numerical simulation scheme

test 1 2 3 4 5

L, /mm 1.25CD 2.50CD 3.75CD 5.00CD 6.25CD
L,/mm 2.50CD 3.75CD 5.00CD - -
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Table 3 Material parameters

materials ” 3 ¢ a5 52 5 Yo a fa
/g - cm /km - s /GPa

air 1.29x107° 0.344 0 0O 0 1.4 0 O

water 0.998 1.484 1.752 0 0 0.28 0 O
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Fig.4 The penetration process of EFP in water
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Fig.5 The change curve of EFP velocity at different distance

in water
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Fig.6 The shaped change of EFP in the process of penetrating

into water medium
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R4 EFP KR MIEEAR () K45 R

Table 4 Simulated results ofpenetrating targets of EFP in water
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Ui 45 Rk 4,

target 1 target 2
test
L, /mm results L, /mm results
1 1.25CD perforation d=0.8CD 2.50CD concavity P=0.9CD
2 2.50CD perforation d=0.5CD 3.75CD fail to contact -
3 3.75CD concavity P=0.7CD 5.00CD fail to contact -
4 5.00CD concavity P=0.5CD - -
5 6.25CD fail to contact - - -

Note: d is the penetration diameter, and P is the penetration depth.
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of EFP traveling in water
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Table 5 Comparison of the simulation results and experimental ones

type 1 2

simulation results

d=32.83 mm

P=28.32 mm P=20.06 mm -

experiment results

d; =11.96 mm

d=31.56 mm d,=8.34 mm

P=26.38 mm P=17.21 mm -

Note: d is the penetration diameter, and P is the penetration depth.
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Numerical Simulation and Experimental Study on Flight Characteristics and Penetration Against Spaced Targets
of EFP in Water

WANG Ya-jun, LI Wei-bing, WANG Xiao-ming, LI Wen-bin
(ZNDY of Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Aiming at the applied problem in underwater munitions of explosively formed projectile(EFP) warhead, the rule of ve-
locity attenuation, mass loss and penetration ability against spaced targets under different distance conditions of EFP in water was
simulated and studied by the LS-DYNA finite element software. The test verification was carried out by a high-speed photography.
Results show that the configuration of EFP after entering water is unstable. The mass of EFP is sharply decreased, even leads to
fragmentation. With increasing the traveling distance of EFP in water, the mass of EFP is reduced to 1/3 ~1/5 of initial mass. The
velocity of EFP in water decreases linearly at first and then decays exponentially. The EFP of traveling the 2.5 times charge diame-
ter distance can penetrate the 5 mm target plate, but the EFP of traveling the 5 times more than charge diameter distance has no
penetration ability.

Key words: explosively formed projectile( EFP) ; water medium; penetration; numerical simulation; flight characteristics
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