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Abstract: Safety of reactive systems is one of the most important research areas in the field of weapon
development. A NoGo response or at least a low-order explosion should be ensured to prevent unexpected
accidents when the reactive system is impacted by high-velocity projectile. We investigated the shock-induced
detonation of cased reactive systems subject to a normal projectile impact to the cylindrical surface based on
two-dimensional hydrodynamic simulations using the I&G chemical rate law. Two types of energetic materials,
namely LX-17 and AP-based solid propellant, were considered to compare the dynamic responses of the
reactive system when subjected to the threshold impact velocity. It was found that shock-to-detonation
transition phenomena occurred in the cased LX-17, whereas no full reaction occurred in the propellant.
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Table 1 C-J conditions for LX-17 explosive and
AP-based solid propellant
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Table 2 Parameters of 1&G model for reactive

materials
LX-17 AP-propellant
po(g/ce) 1.943 1.71322

I(us™) 50 1.10

a 0 0
b 0.222 0.667
T 4.00 4.00
G(us'Mbar?) 500 0.20
¢ 0.222 0.667
d 0.667 0.111
y 3.00 1.00
Lo 0.3 0.04
A 1.00 1.00
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Table 3 Parameters of reacted and unreacted JWL
EOS for reactive materials

LX-17 AP-propellant
condition Reac. Unreac. Reac. Unreac.
A(GPa) | 654.67 77810 799.9 7000
B(GPa) | 7.1236 -5.031 8.10 -1.67
R, 4.45 11.30 4.90 10.00
R, 1.2 1.130 1.06 1.00
w 0.35 0.8939 0.39 0.80

Table 4 Parameters of Mie-Gruneisen EOS and
Johnson-Cook strength model for case

and bullet
Case Bullet

Material Steel 4340
po(g/ce) 7.83
I 2.17
Co(mm/i1s) 4.569
5 1.49
7,(°K) 293
7, (°K) 1793
Ay(GPa) 5.10
By 0.26
o 0.014
m 1.03
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Fig. 7 Density contours of cased reactive system filled with LX-17 impacted by external bullet stimulus.
Their subsequent partially burned sections and propagation of shock wave, along with resultant
initiation of fragmentation of steel case are shown with time #, = 5 nus, b = 10 us for each type
of geometry with density range 0~2.50 g/cc
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(d") (e) )
Fig. 8 Density contours of cased reactive system filled with AP-propellant impacted by external bullet

stimulus. Penetration of steel case and their subsequent partially compressed sections are shown with
time 44 = 5 us, t» = 10 ps for each type of geometry with density range 0~2.50 g/cc
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filled with LX-17 induced by external
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Fig. 11 Dynamic response of cased reactive system
filled with LX-17 induced by external
bullet impact at # = 15 ps for geometry
3(star shape) with range of burned fraction
0~1, pressure 0~20 GPa, density 0~2.50
g/ce, abs. vel 0~0.25 cm/ s
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