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Fig. 2 The interaction process between near-field strong shock waves in water and metal plates
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Table 4 Comparisons of incident shock wave peak pressures
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first peak speed  acceleration

distance peak pressure / MPa  wu__ ,/m-s time / ps

2R, 1255.9 488.1 10.80

3R, 594.8 281.2 10.99

4R, 365.1 206.2 13.98

5R, 255.4 185.9 19.06

6R, 205.3 132.6 19.81
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Fig.7 Free field pressure contour of shock waves of spherical TNT underwater explosion at different time
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Fig.9 Comparisons of free field pressures and incident wave pressures of air-backed plates at 2 R,—6 R, in underwater explosion
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Table 5

incident wave at 2R,—6 R,

Peak pressures between free field shock wave and

peak pressure of peak pressure

error

distance free field wave of incident wave /o

/ MPa / MPa °
2R, 1266.9 1255.9 0.9
3R, 593.5 594.8 0.2
4R, 351.3 365.1 3.9
5R, 246.6 255.4 3.6
6 R 193.1 205.3 6.3
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Fig.12 PDV test results of metal plate acceleration driven by
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Fig.13 Free field pressure and incident wave pressureof TNT

Table 6 Comparison between simulation results and experimental results

maximum speed of fragment / m-s™'

peak pressure of incident wave / MPa

free filed pressure / MPa

testing value V, simulation value V

testing value P,

simulation value P simulation value P,

182.7 189.1 185.9 252.2 263.8 255.4 246.6
error/ %
1.7 1.7 - 2.3 7.0 3.6 -
V.-V P.-P. |Ps-P
Note: error of maximum speed: ‘ £ 5‘;error of peak pressure: ‘ — FE|, ‘“’7“

s FE

F P& 13 AT AR O BAT B0 0 S I e T i 2 A
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Table 7 TNT and TNT based aluminized explosives with different formulations

number component of charge content/ % size of aluminum / um  radius of charge / mm density of charge / g-cm™ mass of charge / g
1# TNT/AI 95/5 2 31 1.60 201.2

2# TNT/AI 85/15 2 31 1.68 210.9

3# TNT/Al 75/25 2 31 1.76 222.6

44 TNT/AI 85/15 0.2 31 1.68 212.3

5# TNT/AI 85/15 20 31 1.68 213.5
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d. TNT/AI 85/15 200 nm
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e. TNT/AI 85/15 20 um

PDV test results of metal plates at 5 R, driven by underwater explosion of different formulated aluminized explosives
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Fig. 16 The incident shock wave pressure driving the metal plate at 5 Rjsubjected to underwater explosion of different formulat-

ed aluminized explosives
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Table 8 Peak incident shock wave pressure at 5 R, in under-

water explosions of different formulated explosives

peak incident wave  average value = comparison

number .
pressure / MPa / MPa with TNT / %

0 263.8

258.0 -
0 252.2
1 248.1

246.2 -4.6
1 244.3
2 232.3

235.5 -8.7
2 238.6
3 188.5

189.1 -26.7
3 189.6
4 267.2

265.4 2.9
4 263.5
5 230.4

231.4 -10.3
5 232.3
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Near-field Explosion Shock Wave Loading and Driving Characteristics of TNT Based Aluminized Explosivess

LIU Jian', BAI Fan’, ZHANG Long-hui'
(1. Beijing Institute of Electronic System Engineering , Beijing 100854, China; 2. China Ordnance Industry Testing and Research Institute ; Shaanxi 714200,
China)

Abstract: The pressure of underwater near-field explosion is high and damping rapidly, which is difficult to test accurately. To in-
vestigate the near-field explosion shock wave loading and driving characteristics of aluminized explosives, a model was estab-
lished to calculate the incident shock wave pressure according to the theory of strong shock wave driving air-backed metal plate.
Finally, tests of underwater explosion driving 3 mm-thick air-backed steel plate at 5 R, were conducted on TNT and five different
aluminized explosives, which verified the accuracy of the shock wave pressure calculation model. The free-field shock wave
pressure at 2 R—6 R, (charge radius) distance of spherical TNT charges and driving law of 3 mm-thick air-backed steel plate
were calculated by numerical simulation. Then the shock wave pressure before cavitation was calculated based on the
velocity-time history data. Results also show that for every 5% increase in the content of 2 pm aluminum, the acceleration time
of plates increases by 4.4%. With larger particle size of aluminum powder, the acceleration time of plate is longer, but the maxi-
mum velocity is smaller. 20 pm and 2 wm aluminum powder absorbs energy in the detonation reaction zone, resulting in a de-
crease in the detonation velocity and pressure of TNT. While 200 nm aluminum powder may partially participate in the detona-
tion reaction zone and release energy, which positively supports the propagation of detonation waves.

Key words: aluminized explosive;underwater near-field explosion;shock wave;metal plate
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