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Fig.1 Schematic diagram of the overall structure of the war-
head
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Fig.2 Schematic diagram of directional segment
1—nhinge body, 2—liner, 3—charge shell, 4—explosive,

5—directional segment shell, 6—detonating cord, 7—prima-
ry explosive column
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Fig.3 Schematic diagram of central tube
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1—hinge base,2—detonating cord, 3—detonating device,
4—flameproof device, 5—expelling charge, 6—ignition de-

vice, 7—vent hole, 8—detonating cord hole, 9—end cover
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Fig.4 Schematic diagram after the deployment of the direc-

tional segment
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Table 1 Optimization variable parameters on Pareto front

R,/mm &/mm r/mm n minf (X)/m-s7" minf,(X)/ pieces

41.64 1.85 25.00 4 -1170.08 —48

R3 AMEARG AN S

Table 3 Material parameters of liner and charge shell

FI DAL A B AR i, X At 45 44 2 K0 8 s n]
ISR 00 2 28, N3 2 R .

R2 GRS

Table 2 Warhead structural parameters

R, L R, B r V(X) n-m
nom

/mm /mm /mm /mm /mm /m-s™! / pieces

75 600 41.64 1.85 25.00 4 12 2570.08 48
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material p/kg-m> A/GPa B/ GPa C n m

c/m-s™! S Y
red copper 8960 0.09 0.29 0.02 0.31 1.09 3940 1.49 1.99
aluminium alloy 2797 0.265 0.426 0.015 0.34 1.0

Note: p is the material density. A is the yield strength. B is the hardening coefficient. C is the strain rate constant. n is the strain hardening exponent. m is the temper-

ature influence index. c is the velocity of stress wave. S, is the Shear coefficient. y is the temperature coefficient.
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Table 4 The parameters of 8701 explosive materials

D Py A B
/kg-m™ /km-s" /GPa /GPa /GPa

explosive ®

R, R,

8701 1713 7980 28.6 524.2 7.768 4.2 1.1 0.34

Note: p is the material density. D is the explosive velocity. p, is the Chap-

man-Jouget pressure. o is the Gruneisen coefficient.
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Design and Optimization of Directional and Focusing Multi-EFP Warhead

Sl Kai, LI Xiang-dong, ZHOU Lan-wei, CHEN Xing
(Ministerial Key Laboratory of ZNDY , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To achieve efficient damage of the ammunition, a directional and focusing multiple explosively formed penetrator
(EFP) warhead was designed. The structure and operational principle of the warhead, and the relation between deployment an-
gle and number density of EFP on the target were described. In addition, to obtain the optimal structural parameters of the war-
head, the multi-objective optimization model of warhead parameters was established with the velocity and total number of EFP
as the objective function, and the Pareto optimal solution was obtained by NSGA- I genetic algorithm. Based on the optimized
parameters of the warhead, the EFP formation process of the single charge structure under the optimized structure was numerical-
ly simulated, and the change of the focusing ability of warhead with the deployment angle of directional segment at different tar-
get distance (10, 15 m and 20 m) was analyzed. Results show that the initial velocity of EFP under the optimized structure reach-
es to 2283.4 m-s'. When the EFP is stable, the calculation from formula shows that it can penetrate 35.94 mm thick 45 steel tar-
get. At the target distance of 15 m, the optimal deployment angle of the directional segment is 91.15°, and the EFP number den-
sity is 169 per square meter.

Key words: multiple explosively formed penetrator (EFP) warhead;directional;focusing;optimized design;number density
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