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Table 1 The model parameters of materials used in simulation

material A/MPa B/MPa C n m p/g - cm’
Al 265 426 0.015 0.34 1 AN,
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Cu 90 292 0.025 0.31 1.09 8.96

M2 LI Y, =R ek XU B84 O B L {5 5
TS5 RS e M 25 2R W s, TR ml T acoA FR
JUARE RYAH S AN [ 4 A OURSE B8 475 o0 Al Y 22 i) 1) 22 5, 5%

&2 REMR EFPJPC B4 7o Y 1 g M iy EL45 5

B TC e S EFP 382 JPC S f sohr s R e by, Rk 2,
R TR SRR B T IPC B thon k4B T ™ ERAA
LEASE

4.2 B fFESKAKEILE

PR 3.1 F 3.2 5 UG A T AR B 20 =00 il ke
BROER EREEATIRE, BT AR R A R S O R 0 4
W3,

i 3 AT, AR 8k A =Rk R E B EFP B4 0T
SR B Y E A A5 R 5 A 5 2 W) AR 22 40 0 o
2.7% .8.5% .5. 1%, K& W E iR 24 0 H
7.4% .9.8% .7.8% ; JPC B 455 7T 3k B 3 B 1T 45 R
iR Z MR 25050 3.2% 6.1% .6.0% , K12
Fo 25 R 25 R 6.7% 6.2% 6.5% . R JHASC
PATTR LR SRE LR 2 iR ZE/NT 10% , &
45 4 1Y 2 AR RE 09 B A oo i A SR RS R,
AT 1032 2 25 G5 40 8 AN [R] b R 24 780 5501 B EFP
JPC B 453 TT i) 1 3k 8 i B MK AR L

Table 2 The experimental and simulating results of damage elements, EFP and JPC for different materials

material Al Fe Cu

X-ray _ [] -
EFP

simulation > ’ E »

v o [ e
JPC

simulation

R3OE IS R E R L

Table 3 Comparison of the results obtained by simulation, calculation and experiment

. damage simulation calculation experiment
material
elements Viip L/D Viip L/D Viip L/D
EFP 4522 0.862 5053 0.761 4920 0.705
Al JPC 7421 15.740 7952 14.739 7696 13.755
EFP 2591 1.092 2673 1.087 2446 0.980
Fe JPC 3503 4.935 3749 4.863 3522 4.564
EFP 2427 1.669 2433 1.655 2309 1.796
cu JPC 3420 5.660 3415 5.449 3206 5.826
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Effects of Liner’s Material Properties on the Forming of Dual Mode Damage Elements

FAN Xue-Fei, LI Wei-bing, WANG Xiao-ming, LI Jun-bao, WANG Ya-jun
(ZNDY of Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. Aiming at the application problem of different liner materials in the multimode warhead, the effects of performance
parameters of the liner materials on the forming of dual mode damage elements, explosively formed penetrator (EFP) and jetting
projectile charge (JPC) were studied. Based on the Johnson-Cook’s constitutive model, the single variable method was used to
change the material parameter values. The influence of material characteristic parameters on the forming of dual mode damage
elements was simulated and calculated by ANSYS/LS-DYNA software. X-ray imaging verification test of three kinds of liner
materials, aluminum, iron and copper was performed. Results show that the tip velocity and length-diameter ratio of dual mode
damage elements, EFP and JPC, are exponentially decreasing with the increase of yield stress, strain hardening coefficient, strain
hardening exponent, temperature correlation coefficient and strain hardening exponent under quasi-state. The density has the
greatest influence on the tip velocity of the EFP and JPC, and the yield stress and the hardening coefficient have the greatest
influence on the length-diameter ratio of the EFP. The formula calculating the tip velocity and length-diameter ratio of the dual
mode damage elements considering the influence of material properties were presented by fitting. The error between calculated
results and experimental ones for tip velocity and length-diameter ratio of the dual mode damage elements, EFP and JPC formed by
three kinds of liner materials, aluminum, iron and copper is less than 10% , revealing that the two results are in good agreement.
Key words: liner; explosively formed penetrator( EFP) ; jetting projectile charge(JPC) ; material properties; numerical simulation
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