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(a) Schematic of device structure (b) Real device
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Fig. 1 Launching device
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Table 1 Tungsten particles used in experiments

P TR AR A d/pm my/g p/(g e+ em ) m/g L/cm
1 HEEE 4 50 6.8 1.7 6.8 40
2 BRI G4 200 6.8 1.7 6.8 40
3 HRILEA 4 500 6.8 1.7 6.8 40
4 L EG4E 1000 6.8 1.7 6.8 40
5 LG 4 1500 6.8 1.7 6.8 40
6 BRIE G4 50 6.8 1.7 13.6 40
7 RIS A 4 200 6.8 1.7 13.6 40
8 HRIEE A 4 500 6.8 1.7 13.6 40
9 BROE G 4 1000 6.8 1.7 13.6 40
10 R G 4 1500 6.8 1.7 13.6 40
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Fig. 3 High speed infrared images of detonation-driven particles
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Fig. 4 High speed photos of detonation-driven particles
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Fig. 5 Distribution of tungsten particles obtained by the analyses of soap target image
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Fig. 6 Illustration of particles’ circuital flying Fig. 7 Average velocities of particles versus diameter
driven by cylindrical charge with different charge ratios
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Table 2 Ballistic parameters of the soap target penetrated by particles with different diameters

D/ pm WORL AR IR FE 5 A (m=6. 8 @) hojmm | D/pm UKL AR IR BE 4 i (m=13.6 g) b /mm
h/mm P/% h/mm P/%
<13.82 12.98 <14.56 10. 93

50 13.82~25. 26 58.56 65.23 50 14.56~31.70 48.77 102. 72
=>25.26 28. 46 >=31.70 40. 30
<18.24 19. 37 <16. 85 15. 96

200 18.24~52. 62 67.17 70. 26 200 16.85~46.55 43.62 118. 46
=52.62 13.46 =46.55 40. 42
<10. 00 6.36 <38.67 22.92

500 10. 00~43. 00 50. 63 76.52 500 38.67~55. 88 54. 99 124.63
=>43. 00 43.01 =>55. 88 22.09
<21.75 21.04 <24.00 11. 42

1000 21.75~87. 00 66.15 110.58 | 1000 24, 00~50. 50 47. 85 130. 98
=>87.00 12.81 >=50. 50 40.73
<26.18 18.16 <25.72 13.17

1500 26.18~65. 37 39.71 115. 00 1500 25.72~52. 30 39. 82 167. 35
=65. 37 42.13 >=52. 30 47.01
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Experimental study on directed loading metal particles of

low collateral damage ammunition

LI Juncheng'. FAN Zhuangqing”, LIANG Bin', KANG Jianyi*,
GAO Haiying', CHEN Jing”, LU Yonggang'
(1. Institute of Systems of Engineering » China Academy of Engineering Physics ,
Mianyang 621999, Sichuan, China;
2. Institute of Surgery, Third Military Medical University, Chongqing 400042, China)

Abstract: In this work, to realize explosive directed loading metal particles of low collateral damage
ammunition, we developed a launching device and used it to carry out the dispersing of tungsten parti-
cles of different sizes and charging ratios. We captured the dispersion attitude and velocity of tungsten
particles using high speed photography and high speed infrared photography, and demonstrated the
three dimensional spatial distribution of tungsten particles inside the soap target using computerized
tomography and three dimensional reconstruction. The results revealed the three phases of detona-
tion-driven particles, i. e. acceleration, deceleration, and scattering. For particles of different sizes,
the average velocity ranged from 689. 84 m/s to 889. 14 m/s, and the maximum penetrating depth
ranged from 65. 23 mm to 167. 35 mm. The launching device was observed to perform well at directed
loading metal particles with a rate of over 30% in hitting the target. We adjusted the mass ratio of the
charge to the particles to meet various experimental requirements and improved the analysis accuracy
of terminal ballistics parameters using the CT image reconstruction technique. Our study here can
serve as a useful technique for further investigation of the damage effects, wounding mechanism, inju-
ry evaluation and treatment of low collateral damage ammunition.

Keywords: low collateral damage ammunition; metal particle; directed loading; launching device
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