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Abstract: To enhance the'darhage efficiency against composite protection systems comprising Explosive Reactive Armor (ERA)
and main armor, and to resely¢ the kinetic energy mismatch between the leading and trailing penetrators in conventional Collinear
Explosively Forméd Rrojectile (CEFP) warheads, a double-layer liner CEFP warhead with an “externally thin, internally thick”
asymmetric structyre was proposed. The formation mechanism and penetration performance were systematically investigated via
theoretical analysis, numerical simulation and experimental validation, and the influences of liner thickness ratio on the velocity
and kinetic energy characteristics of the leading and trailing explosively formed projectiles were obtained.

Theoretical analysis revealed a three-stage formation process of the double-layer liners, including initial deformation at the liner
apex, superposition of reflected unloading waves and interface separation, and continuous collapse to form two independent
projectiles. The separation was caused by the velocity difference induced by the superposition of detonation waves and reflected

unloading waves at the outer liner free surface. Numerical simulations were carried out using the LS-DYNA finite element code
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with a half axisymmetric model. The Johnson-Cook constitutive model and Griineisen equation of state were adopted for copper
liners and steel targets, while the High-Explosive-Burn model and JWL equation of state were used for passivated hexogen. Local
mesh refinement was applied in key impact regions to ensure computational accuracy. Parametric studies were performed with
different inner—outer liner thickness ratios under a fixed total liner thickness. Results show that the warhead generates two axially
separated projectiles with a significant velocity difference and favorable penetration capability through a single detonation, thus
realizing the sequential attack function: the leading projectile initiates ERA and the trailing projectile penetrates main armor.
With the total liner thickness kept constant, the velocity difference can be continuously adjusted from 78 m/s to 357 m/s, and the
kinetic energy ratio can be flexibly allocated from 1:5.5 to 4.2:1 by changing the thickness ratio. Static detonation tests were
conducted to measure projectile velocities and penetration performance. Test data are in good agreement with numerical results,
which confirms the feasibility of the proposed structure. This design provides important technical support and theoretical
reference for high-performance anti-armor warheads against ERA—main armor composite protectionisysterhs.

Keywords: explosively formed projectile (EFP); double-layer liners; numerical simulation; kineti¢ efergy distribution; thickness

ratio
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Fig.2 CEFP warhead with double-layer liners
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Fig.4 Numerical simulation model of CEEP warhead with double-layer liners penetrating target
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Fig.10 Photograph of the CEFP warhead with double-layer liners test
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Fig. 11 Flight test diagram of CEFP warhead with double-layer liners
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Fig.12 Penetration of CEFP warhead into targetwith double-layer liners
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Fig.13 High speed photographic image of CEFP warhead with double-layer liners forming process
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Kl 14 ATZ% EFP 35 R4
Fig.14 The front EFP speed test results
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Table 3 Wﬁ% between Experimental Results and Numerical Simulation Results for CEFP penetrating target
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