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Abstract: With the growing complexity of combat environments and the constant emergence of new time-sensitive
targets, modern battlefields demand enhanced multi-purpose and comprehensive damage capabilities from warheads.
The formation characteristics of axial shaped-charge/fragmentation composite damage elements were investigated
using an EFP (Explosively Formed Penetrator)/preformed fragment composite warhead to address multi-target
engagement requirements. The effects of various warhead structural parameters on EFP formation and fragment
dispersion were analyzed and validated through static detonation tests. Results indicate that liner parameters (cone
angle a, thickness J) primarily influence EFP formation and fragment dispersion angle, with limited effect on fragment
velocity (<50 m/s variation). Baffle ring angle ¢ and casing thickness 7 mainly affect fragment dispersion, causing
velocity changes exceeding 200 m/s and dispersion angle variations up to 200%, while negligibly impacting EFP

formation. The number of initiation points N significantly affects EFP performance, increasing head velocity by over
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300m/s and aspect ratio by approximately 30%, but has minimal effect on fragment velocity and only moderately
influences dispersion angle. For axial EFP/preformed fragment composites, EFP exhibits high independence and is
mainly governed by liner structure and initiation mode. In contrast, fragment dispersion involves complex interactions,
collisions and energy exchange between tungsten spheres, requiring coupled design. Verified tests confirm that the
composite warhead generates a high-speed projectile(1 950m/s) along the axis and a tungsten sphere array with a
dispersion velocity of 700—830 m/s within a 0.543°-7.48° spread, capable of penetrating an 8 mm steel plate at 5 m.
The results of this study provide valuable references for the optimization design and the enhancement of damage
effectiveness for axial multi-damage-element/composite-effect warheads.
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Fig.1 Diagram of the formation of CEW damage element
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Fig.1 The composite warhead with EFP and fragment

i ESE AR D N 135 mm, S H N 0.55D;
WHEL DN 131 mm, KRN 0.55; ARIEN
JHESE G B, BEAT DN 70 mm. 7R 258 S A MY
SMEN. SNHETRS G &REE A, NESAh
26 MUEBER . HMZE A 32 B ER.
1.2 HEERER

RREIIEAE, EFERA 12 B, %
AR 3 Fin. 2T EMES o O 140°, E il
RAME RYIN0.8D, FIE 54 0.06D, FMERE T
N 2mm; PR o N 70°, JEREE b N 2 mm.

EEE2N

T £ Bk
WAy

_E
&

AR

i
™

K3

il A R TR
Fig.3 Finite element model of warhead
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Fig.6 Illustration of detonation wave propagation process
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Fig.16 Variation curves of prefabricated fragments scattering

characteristics with the initiation-point number
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Fig.17 Schematic diagram of composite warhead test
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Fig.18 Measurement results of high speed photography
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Fig.19 The destructive results on the target
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Fig.20 Terminal effects of damage elements on target plate
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Fig.21 Collected partial tungsten fragments by penetration
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