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Fig.1 Structure diagram of integral MEFP warhead
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Fig.2 Mesh of numerical model of 1/2 MEFP warhead
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Table 1 Material model used

materials equation of state constitutive model
Comp. B JWL high_explosive_burn
red copper Gruneisen Johson-cook
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R2 AMEEERSH (AL g-cm-ps-k)

Table 2 Parameters of each material model(unit; g-cm-us-k)

p D Pcy A B R,

1.717 0.798 0.295 5.422 7.678E-2 4.2
Comp. B R, " L, v,

1.1 0.34 0.08 1.0

p G A B n C

8.968 0.46 0.9E-3 2.92E-3 0.31 0.025

T T, C, G S,

Copper

1.09 1356 300.15 3.83E-6 0.394 1.489

S, S5 Yo ] Ey Vo

0 0 2.02 0.47 0 1.0

Note: p is mass density, D is detonation velocity, p¢; is chapman-jouget pres-
sure, Eq is initial internal energy, V, is initial relative volume, G is shear
modulus, T, is melt temperature, T, is room temperature, C, is specific

heat, Cis intercept of the v.-v, curve, S;,S,, Sis coefficients of the

slope of the v,-v, curve, y, is gruneisen gamma, « is the first order vol-

ume correction to y,, A, B, Ry, R,, »,C,n, and m is input constants.
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Fig.3 Schematic diagram of hemispherical liner structure

3.2 AREMEFEHZM

HRVE MR X RBELIC R M 3, i
AR /N M R R B K, T s L i K AR L R
KT 2 A hi ;s i b A ik oK, SR Bk N 22 /N, E
JIG ) L HAS AR O T 3k /0N, 25 5 T 1 18 Sk R AL
I, A5 B4 38 K AR L I B X 24 78 BE i AR A Xt
LA B BT R E AR S e 2 AL
%060 mm, BEEEYEEC 2.4 mm, Nl RKE R R, B
62 ~92 mm (FEAEHLIE M S mm) .

»
=
(S

Mo www. energetic-materials. org. cn



24 B B2 2 00 B PR 5 MEFP i R i 5 i

487

% 3 AR AR LR S 8, Kb L LD,
Ay ALK BE I E AR, L, N E ALK E v,
Syt AL v, R SALHEE o N R EAL K
A

Hi 3% 3 W1, B 25 80 B il B AR g bt 5
Ji) 30 3 h T R R ] 0 AL & A B K AR AR A Y
FOPFE M 62 mm B FE 92 mm B, ey 5 L
BEAR IR T 2. 7% F1 2. 4% , & 31 R AL K B ) R
KT 3.0% , AR Fb R B2 55 /0 5 i v LR AR L 5 R i
SRAL A B D) I o 23R A A 3 oy B AR T 40%
41.2% , e nT T, 24 705 il ok 48 X R 5 MEFP (1)
5] 3 AR I A AL BRI A AR 1k

R 3 ORIE R AR AR LR AL 2 (=240 ps)
Table 3  Formation parameters of projectiles with different

curvature radius of liner(t=240 ws)

Ry/mm L, /Dy Ly/em y,/m-s” v,/m-s7  a/(°)
62 1.65 6.82 2304 2284 7.28
67 1.52 5.93 2315 2299 7.26
72 1.34 5.15 2328 2313 7.22
77 1.18 4.65 2337 2321 7.15
82 1.09 4.34 2344 2330 7.10
87 1.04 4.09 2358 2336 7.06
92 0.99 4.01 2366 2340 7.06

Note: R, is liner curvature radius; L, is length of center EFP; D, is diameter of
center EFP; L, is length of surrounding EFP; v, is velocity of center

EFP; v, is velocity of surrounding EFP; « is radial dispersion angle.
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Fig.4 Shapes of circumjacent projectiles with different curva-
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Table 4
thickness of liner(t=240 ws)

Formation parameters of projectiles with different

T/mm L,/ D, Ly/em  E,/k Ep, /K al/(®)
2.0 1.17 4.88 151.31 151.05 7.44
2.2 1.11 4.53 152 151.61 7.27
2.4 1.01 4.25 152.41 151.98 6.97
2.6 0.99 4.11 153.10 152.23 6.75
2.8 0.96 3.95 153.01 151.78 6.56
3.0 0.91 3.92 151.69 151.32 6.31

Note: E,; is kinetic energy of center EFP; E,,is kinetic energy of surrounding

EFP.
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Fig.5 Shapes of circumjacent projectiles under liner with dif-

ferent thickness
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Fig.6 Perforation distributions of 45" steel target heads
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Table 5 Distance from central hole to each surrounding hole

on the target(45 cm)

No. d, /cm d,/cm
1 12.6 12.0
2 12.6 12.2
3 12.6 13.1
4 12.6 11.4
5 12.6 12.8
6 12.6 12.3

Note: d, is simulation result; d, is experiment result.
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Fig. 7  Velocity variation curves of MEFP penetrating target

plate process
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Effect of Liner Configuration Parameters on Formation of Integral MEFP

ZHAO Chang-xiao', QIAN Fang', XU Jian-guo', CAO Hong-an', JI Chong’, LU Liang®
(1. Wuhan Ordnance NCO Academy of PLA, Wuhan 430075, China; 2. College of Filed Engineering, PLA University of Science and Technology, Nanjing
210007, China; 3. 72351 Troops, PLA , Laiwu 271109, China)

Abstract. To improve the damage ability of integral multiple explosively formed projectiles (MEFP) , the effect of configuration pa-
rameters of liner on projectile formation was studied using LS-DYNA code. Based on the simulating results, a integral charge struc-
ture was optimized and designed and its experiment verification was carried out. Results show that liner configuration parameters
have great effect on projectile shape. With increasing the liner curvature radius, the length-diameter ratio of central projectile and
the length of surrounding projectile decrease by 40% and 41.2% , respectively. The shape of surrounding projectile changes from
rods to ball shape gradually. With increasing the liner thickness, the length-diameter ratio of central projectile and the length of
surrounding projectile decrease by 22.2% and 19.7% , respectively. The trail of surrounding projectile decreases gradually and
the flight stability of projectile enhances. The curvature radius obtained by optimization and optimal value of thickness are 77 —
82 mm and 2.2-2.6 mm, respectively. Designed warhead can effectively penetrate the 45" steel target plate with a thickness of
15 mm, which is in good agreement with the simulation results.

Key words: multiple explosively formed projectile( MEFP) ; liner; numerical simulation
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