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Evaluation of the average specific kinetic energy of stun grenade
fragments by Monte Carlo subdivision projection simulation
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2. Key Laboratory of Marine Intelligent Equipment and Systems Ministry of Education, Shanghai Jiaotong University, Shanghai 200240, China;
3. College of Resources Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: In order to evaluate the lethality and injury radius of the stun grenade fragments, and to reduce its average specific kinetic energy,
the calculation model of the average specific kinetic energy of fragments was established, based on the Monte Carlo subdivision projection simulation
method. With co-simulation method of LS-DYNA and self-programming, the calculation models of average specific kinetic energy of natural
fragments and semi-prefabricated fragments of stun grenade were simulated and compared separately. The mass distribution, initial velocity, vertical
target distribution, average specific kinetic energy threshold and safety radius of the whole fragments in the whole-time domain were obtained. The
results show that the mass distribution and initial velocity threshold of semi-prefabricated fragments are lower and more concentrated than that of the
natural fragments under the same charge parameters; within the range of less than 2.5 m, the average specific kinetic energy threshold of semi-
prefabricated fragments is lower than that of the natural fragments; within the range of more than 2.5 m, the average specific kinetic energy
threshold of semi-prefabricated fragments is higher than that of the natural fragments. Compared with the natural fragments, the semi-prefabricated
fragments can significantly reduce the lethality radius, but cannot significantly improve the safety radius.

Keywords: natural fragment; semi-prefabricated fragment; shell breaking; dispersion model; average specific kinetic energy; Monte Carlo

subdivision projection simulation
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Tab.5 Fragment initial velocity statistics in different directions

% i PUEREE, ¥l nEES
1 i (m/s) (m/s) (m/s)
TiEp A 415 415 0.0
% @I B~E [1288,1483] 1394  82.0
" M G.F  [1486,159] 1542  56.2
TS A 430 430 0.0
% I B~] [1254,1396] 1321  49.4
f JEEK ~M [1481,1547] 1523 29.9
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Tab.7  Error comparison of average windward area between

MCSPS algorithm and theoretical formula

A, ST T A 287 300 DR T FRURS: BY S BRI [ MCSPS 535 HHE A
I AR 22 25 5 355 T 5. 29% WBAR A A %
A/ em® A em?
Fz6 MCSPSEETHBEASEMEIBAEMBSH Kk 5.667 2 5.674 0 0.12
Tab. 6 Initial parameters of natural and semi-prefabricated EEEREN 6.717 4 7.093 0 5.29
fragments based on MCSPS
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Fig. 10 Vertical target distribution and specific kinetic

energy threshold of fragments at 1.5 m and 5 m
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Tab.8 Evaluation results of average specific kinetic

energy of the whole fragments at different distances

X iR BME RKRME/ W/ bR/
A m (J/em*)  (J/em®) (J/em?) (J/em?®)
1.0 9.96 209. 84 132.69 73.86
1.5 5.78 148. 66 91.77 53.48
2.0 3.66 77.45 38.62 28.37
% 2.5 2.40 53.11 25.86 19.66
Z 3.0 1.59 36.25 17.36 13.46
f 3.5 1.07 24. 66 11.64 9.17
4.0 0.72 16.61 7.85 6.22
4.5 0.48 11.21 5.43 4.28
5.0 0.32 7.82 3.90 3.07
1.0 1.42x107° 143.24 78.68 44.36
1.5 16.18 103.63 57.37 29.53
2.0 9.25 74.41 38.77 21.84
o 2.5 5.53 53.20 26.27 16.04
/3;'! 3.0 3.57 37.85 17.88 11.66
U 3.5 2.44 26.87 12.31 8.39
4.0 1.70 18.97 8.61 5.93
4.5 1.20 10.52 5.23 2.98
5.0 0.85 8.00 4.10 2.29
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Tab.9 Lethality and injury radius of natural and

semi-prefabricated fragments
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