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a. schematic of the layout of shaped charge with shell

b. photograph of the shaped charge with shell
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Fig.1 Structure of shaped charge with shell

1—detonator holder, 2—shell, 3—shaped charge, 4—liner

shaped charge _
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Fig.2 Schematic of the layout of X-ray experiments
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Fig.3 Experimental arrangement and schematic diagram

1—shaped charge with shell, 2—aggregation device with single hole, 3—velocity screens, 4—cover plate, 5—explosive box,

6—aftereffect target, 7—aggregation device with dual holes
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Table1 Experimental schemes

No. number of shaped thickness of cover
charge plate(H) / mm

1 1 6

2 1 10

3 1 15

4 1 15

5 2 15

6 2 15

7 2 20

F2 AR
Table 2 Experimental results
velocity of  high-speed aftereffect Comp B re-
o.
EFP/m-s”" camera target sponse level
. o circular ring )
1 1975 bright white light detonation
crater
) o circular ring )
2 1963 bright white light detonation
crater
3 1985 yellow flame none deflagration
4 2003 yellow flame none deflagration

circular ring

5 1960 1956 bright white light detonation
crater
. o circular ring .
6 2031 2034 bright white light detonation
crater
7 2040 2039 yellow flame none deflagration
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5 B (a~f 5L EFP H H=10 mm, g~ H ¥ EFP H H=15 mm,m~r J XL EFP H H=15 mm, s~x 4 % EFP

Fig.4 The photographs of single and dual EFP from high-speed camera (a—f were single EFP with H=10 mm, g—| were single
EFP with H=15 mm, m-r were dual EFP with H=15 mm and s—x were dual EFP with H=20 mm)

a. single EFP (H=10 mm) b.

B5 FRCmsIRIES

Fig.5 The damage pattern of aftereffect target
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single EFP (H=15 mm)

c. dual EFP (H=15 mm) d. dual EFP (H=20 mm)
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Fig.6 Initial finite element model
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Table 3 Material parameters of Composition B!’
I/us™' b a x G, ¢ d, y G, e g z
44 0.0783 5.308 4 514 0.222 0.667 20 0 0 0 O

Note: 1,G,,G,,a,b,c,d,,e,g,x,y,z are parameters of reaction rate equation.

8701 %k 25 19 Mk & Ty 2 R H Jones-Wiikins-Lee
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71, GPa; E R AR R N GE, ) -m™ 5 VA XTI R,
m’. H 8701 ¥EZHY )WL S EN R 4 s .

p=A0 -

F4 8701HEZWLSH
Table 4 JWL parameters of 8701 explosive

[25]

P D p E A B
o

/grcm™ /km+s™' /GPa /):m”’ /GPa  /GPa

1.71 8.315 28.6 8.499 0.34 524.23 7.678 4.2 1.1

R, R,

Note: p is the density of the 8701 explosive; D is the detonation velocity; p
is the C-J pressure of detonation wave; E is the specific internal energy
per unit mass of the explosive; w is the fractional part of the normal Ta-
it equation adiabatic exponent; A and B are the pressure coefficients;

R, and R, are the principal and secondary eigenvalues, respectively.
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FLAR G W B 8 N BB R A% 6 = 5, /8,
B, WA IBE R SR 6, WS HNAFR W1s', T =
(T-T7)/(T=T,), B 7,5 T, 43 5 A 5 5 FbE R
R L K

2RI 5 S ) C AR F BB ER 5 s .

TERCE BT, [ (14 2R e 2 25 45 44 A B EFP 19
{5 B 45 2 A R 00, B EFP A S 8 B AR &5 0 —FE1Y

R5HRE L HHRCH A SR

Table 5 JC parameters of liner and cover plate!**”’

parts A/ MPa
liner 298.03
cover plate 410 20 0.08 0.1 0.55

B/MPa n C m
212.11 0.202 0.071 0.833

Note: A,B,n,C,m are parameters of material.
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Fig.7 Formation processes of single EFP and dual EFP
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Fig.8 Flight velocity curve of EFP
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a. single EFP
St ]

b. dual EFP

B9 EFP M X G 5 BUE B E X LG (5220 ps)
Fig.9 Comparison of X-ray and simulated images of EFP for-
mation
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Table 6 Comparison of simulated and experimental results

velocity of EFP / m+s™'

error / %
simulation experiment
single EFP 2108.6 1981.5 6.4
dual EFP 2103.3 2010.3 4.62
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Fig.10 Reaction degree maps for single EFP impacting at

different moments
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Fig.11 Pressure curves of Gauge points for single EFP impact-
ing (H=13 mm)
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Cumulative Damage Effect on Shock Initiation of Covered Composition B by Dual EFP Impacts

GUO Chun, ZHANG Xian-feng, XIONG Wei
(School of Mechanical Engineering s Nanjing University of Science and Technology , Nanjing 210094 , China)

Abstract: In order to investigate the shock initiation of warhead charge by multiple explosively formed projectiles (MEFP) im-
pacts, the shock initiation experiments of covered Composition B by single EFP and dual EFP were conducted to test the shock
initiation capacity of single EFP and dual EFP on covered Composition B. Moreover, the numerical simulations on shock initia-
tion of covered Composition B by EFP were carried out by AUTODYN finite-element software, the formation processes of single
EFP and dual EFP and their shock initiation processes of covered Composition B, were analyzed respectively, and the critical
cover plate thickness (H_) for the detonation of Composition B was obtained. Further, an engineering calculation model of the
critical initiation condition of covered charge with dual EFP was established. The experimental results show that the length of EFP
is 18 mm and the diameter is 19 mm. The critical cover plate thickness range is 10 mm<H_<15 mm for shock initiation of cov-
ered Composition B by single EFP impact, while the critical initiation cover plate thickness range is 15 mm<H <20 mm for dual
EFP impacts. Besides, the numerical simulation results show that the critical cover plate thickness is 13 mm for shock initiation of
covered composition B by single EFP. While for the action of double EFP, the critical initiation cover plate thickness is 19 mm,
which is 46.2% higher than that for single EFP. The numerical simulation results are consistent with experimental results. Finally,
the calculation model can provide a good prediction of the critical initiation condition of the covered charge with dual EFP.

Key words: dual EFP;shock initiation;critical initiation velocity ;cumulative effect
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