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P S B e B AN 1A 10 PR

i &1 10 1T L& B, AH b R85 18 EFP AR S Rk i 45 51, %5 18 EFP AR # i Ae e (0 25 1 5 07 B 2%
TV A, e 0% T A b i AR AR R EFP 7 A 9 8 JS 0 5 o B EFP 25 0 3R ) AR AL R

2 & EFP A8 # I A9 R, bl T REARE B [ %E R 40 mm, 24 EFP Z L3 4 1 650 m/s i, {25 [a]
B, (HEH 3.1 AT FR A4 T AT, A R, AL T bIT By B, B R, 2218 8 K, RS20 R, Y TR R
EFP (1) $I3E B, B R R AR I IA] o DRISEAE AR WF9 () EFP 45 $E 3K 5 V5 [l N, B % EFP 25 5 % 119
K, R ANWIE K, A u, AWK, 256 5 (20) W] RIS AR ™ A8 930 J5 B R BT AT K. i TR A1
6] AN U S, PRIt EFP A I8 e K BE R Wi/ )n, TR I EFP (R R0 4% KB R i, i 45 BFP 72 4k B #0 5 i A
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Fig. 10 Mass of behind-armor debris for different impact velocities of EFPs

[l L, A% 8 EFP A2 T 19 FF PRI, S 04 R, AR T dTT By B, 5200 R, 19 22N ZK 2 EFP A9 #L 3
JE o PUAEAT BT I EFP 25§00 R R DY, Bl EFP 25 S 1 1 ey, BO0R ™ A= 1 8 J5 B 3 o o S I
BaR . AR AN KRR, (545 EFP 7 A A5 B8R Joe i AN W
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Jt i 5 05 ELAS SR D 22, Ik 2 PR
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Table 2 Mass deviations of behind-armor debris for different impact velocities of EFPs

v/(ms™) &, b/ %o &, g/ %0 & i/ %0 &y, ajn! 70
1650 1.8 123 2.9 40.3
1680 3.9 11.2 2.4 38.6
1740 4.9 9.6 12 37.1
1 800 2.7 5.0 12 36.1
1 860 22 2.3 0.4 34.1

H1 3¢ 2 0T A& BH: %5 & BFP AR A9 R, e i AR EFP 7= A= 9 #05 fl F 5 6 5 0 ELAS SR
2%, B0 /N T M [R] EFP 25 405K B 45 F F A % (& EFP 28 8 A5k it B 15 9 SE AR EFP 7= A A T s
e i 5 05 A5 R 0w 255 OF B, B %5 EFP 25 808 B A9 £ /55, EFP A8 4 IAT 19 R M X #E Al T EFP 7= A
S T T B R MR S T8 58, XY EFP %5 858 Ik B 1 860 m/s B, % JE A% [& EFP 25 8§ I 19 45 P T 15
) B 7 A A FS B e o i . R, A T R T AR A AR R S I AR R o 6 A R
M RN EFP 7 A5 W0 il it B EFP 2 S0 32 1 28 A A

4 &

A e ST T AR A TR A R B IL (explosively-formed projectile, EFP) 3 B {2 14125 FH A0 B I A A
AL, JFA B LA 4598 (1) AH LT SO AT AR, Ak I 0455 780 A A% B of 1 ot e e SOLARURT EFP 7 A
F8 L5 0 5 B A JSE JEE R EFP 5 L A AR AR, T LA/ SE PR DL R i 225 (2) 24 EFP % 42
B 1650 my/s B, Bl F5 BEARJSEBE A 30 mm 3§ K F 70 mm, $EAR AR A HE S B R R SR R AN,
SRJE DR O, PG R, BFP 7 AR M5 8 A e AN BT/, EFP A2 14 X #EARCRT EFP 7/
IS W O S R S TR s (3) M FEARJE E S 40 mm I, B2 EFP 25 SLBEEE M 1 650 m/s $i2 5 2
1 860 m/s, #EHR A1 EFP 7= A i #L o 50 R T i 3 N Wi K, EFP 28 4T A9 P X #E AR A1 EFP 7™ A5 B R
Bk B A BT 553
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A mass model for behind-armor debris generated by normal penetration of
a variable cross-section explosively-formed projectile
into an armor steel plate

XING Boyang', LIU Rongzhong', ZHANG Dongjiang’, CHEN Liang', HOU Yunhui’*, GUO Rui'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China;
2. Xi’an Modern Control Technology Research Institute, Xi’an 710065, Shaanxi, China)

Abstract: The function of an explosively-formed projectile (EFP) is not only penetrating the armor but also
destroying the equipment behind the armor by behind-armor debris (BAD). It is necessary to predict the
mass of BAD since the mass distribution of BAD is an important measurement to evaluate the level of
destruction caused by BAD. A mass model for BAD generated by normal penetration of an EFP into an
armor steel plate was improved by considering the variable cross-section characteristic of the EFP, basing on
Bernoulli's equation of the flowing fluid and adiabatic shear theory. The accuracy of the model was validated
by the experimental data and numerical simulation results. Therefore, the influences of the thickness of the
target and the impact velocity of the EFP on the mass of BAD generated by the target and EFP were
investigated. The results indicate: (1) compared with the previous model, the improved model can more
accurately explain the mass variation of BAD generated by the target and EFP with the thickness of the
target and the impact velocity of the EFP; (2) as the impact velocity of the EFP is 1 650 m/s, with the
thickness of the target increasing from 30 mm to 70 mm, the effect of the variable cross-section
characteristics on the mass of BAD generated by the target and EFP is constantly increasing; (3) as the
thickness of the target is 40 mm, with the increase of the initial velocity of the EFP from 1 650 m/s to 1 860 m/s,
the effect of the variable cross-section characteristics on the mass of BAD generated by the target and EFP is
constantly decreasing.
Keywords: explosively-formed projectile; variable cross-section characteristic; finite thickness target; mass
model; behind-armor debris
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