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Penetration Characteristics of Parallel Explosively Formed Penetrators
(EFPs) into a Steel Target and Backside Fragment Distribution
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(1. State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, 100081, China;2.
North China Institute of Science and Technology Information, Beijing 100081, China)

Abstract: To explore the penetration characteristics of parallel Explosively Formed Penetrator (EFP)
warheads against armored steel targets and the distribution characteristics of fragments behind the target,
a full-process numerical model was established for the initiation, flight, and penetration of parallel EFP
warheads. The interaction process between parallel EFPs and armored steel targets was analyzed through
numerical simulation, revealing the energy exchange characteristics during the interaction, the stress
states at different locations of the target plate, and the distribution positions and morphologies of frag-
ments behind the target. The effects of warhead spacing, initiation time difference, and initiation meth-
ods on the penetration aperture, the number of effective fragments behind the target, and the distribution

characteristics of the fragment cloud behind the target were obtained, elucidating the influence mecha-
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nism of the parallel arrangement characteristics of EFP warheads on the penetration and post-penetration
damage of armored steel targets. The simulation results show that the kinetic energy lost by the EFP dur-
ing penetration is transformed into the internal energy of the EFP and the kinetic and internal energy of
the target plate. When parallel EFPs act on armored steel targets, the positive and negative pressure
peaks at the center of the target plate significantly increase due to the nonlinear superposition of similar
stress waves, and the alternation frequency of positive and negative pressures increases markedly. In ad-
dition to the fragments formed by the EFP, approximately 3/5 of the material from the back of the target
plate, accounting for about 97% of the total mass of fragments formed by the target plate, participates in
forming fragments behind the target. When the warhead spacing is 35 mm with single-point center syn-
chronous initiation, the penetration aperture is the largest, and the number of effective fragments behind
the target is the highest. Warhead spacing, initiation time difference, and initiation methods mainly af-

fect the proportion of small low-speed fragments, the mass distribution of effective fragments, and the ve-

locity distribution, respectively.

Keywords: parallel warhead; shaped charge; EFP; fragment cloud; damage capability
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