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Table 1 Molecular descriptor of selected explosives
No. explosives n, OB,  E,.(au.)  E, (au.) aromaticity «-CH F
1 1,3,5-trinitro-1,3,5-triazacyclohexane ( RDX)) 6 0 -897.41 -0.08549 0 0 6.08
2 3,3,4 ,4-tetranitrohexane 8 -2.25 -1055.02 -0.11861 0 0 5.498
3 N, N'-dinitro-1,2-ethanediamine (EDNA) 4 -1.33 -599.49 -0.06365 0 0 5.917
4 2,3 ,4 ,6-tetranitrotoluene 8 -0.74 -1089.51 -0.14553 1 1 5.763
5 N-nitro-N-trinitroethylmethane 8 2.09 -992.41 -0.13629 0 0 6.72
6 nitroguanidine ( NQ) 2 -1.79 -409.84 -0.072 0 0 3.906
7 1,3-diamino-2 ,4 ,6-trinitrobenzene ( DATB) 6 -1.95 -956.47 -0.11902 1 0 4.567
8 1,3 ,5-trinitrobenzene (TNB) 6 -1.46 -845.74 -0.13529 1 0 5.569
9 nitroglycetine (NG) 9 3.08 -958.16 -0.08866 0 0 7.296
10 2,2 ,2-trinitroethyl-4 ,4 /4 -trinitrobutrate 14 2.59 -1613.22 -0.13683 0 0 6.25
11 pentanitroaniline ( PNA) 10 1.88 -1310.03 -0.16327 1 0 6.266
12 3-amino-2,4 ,6-trinitrophenol 7 -0.81 -976.32 -0.13412 1 0 5.246
13 2,4 ,6-trinitroresorcinol 8 0.41 -996.17 -0.13646 1 0 5.658
14 2,3,4 ,6-teteanitroaniline 8 0.37 -1105.57 -0.14832 1 0 5.81
15 4 ,6-dinitroresoricinol 6 -2 -791.7 -0.12247 1 0 4.9
16 2-amino-3,4,5 ,6-tetranitrotoluene 8 -1.05 -1144.87 -0.13315 1 1 5.44
17 2,4 ,6-trinitrobenzoi-alcohol 7 -2.06 -960.25 -0.13503 1 1 5.19
training 18 2,4 ,6-trinitro-m-cresol 7 -2.06 -960.27 -0.1346 1 1 5.19
set 19 3,5-dimethyl-2 ,4 ,6-trinitrophenol 7 -3.5 -999.57 -0.12866 1 1 4.81
20 2,4 ,6-trinitroaniline (TNA) 6 -1.75 -901.11 -0.1339 1 0 5.175
21 1,2,3,5-tetranitrobenzene 8 0.78 -1050.2 -0.15211 1 0 6.172
22 2,3,5,6-tetranitrotoluene 8 -0.74 -1089.4 -0.15707 1 1 5.763
23 2,4 ,6-trinitroanisole 7 -2.06 -960.24 -0.12673 1 0 5.19
24 pentanitrotoluene ( PNT) 10 0.95 -1293.97 -0.15304 1 0 6.226
25 2,3,4 ,5-tetranitrotoluene 8 -0.74 -1089.5 —0. 14459 1 1 5.763
26 1,1,1,3-tetranitrobutane 8 0.84 -976.4 -0.12846 0 0 6.355
27 1,3,5-triamino-2 ,4 ,6-trinitrobenzene ( TATB) 6 -2.33 -1011.83 -0.1028 1 0 4.525
28 2,3 ,4-trinitrotoluene 6 -3.08 —-885.03 -0.12051 1 1 5.116
29 3,4 ,5-trinitrotoluene 6 -3.08 —-885.03 -0.12388 1 1 5.116
30 1,3,5,7-tetranitro-1,3,5 ,7-tetraazacyclooctane (HMX) 8 0 -1196.55 -0.09257 0 0 6.08
31 2,4 ,6-trinitrophloro-glucinol 9 1.15 -1071.39 -0.14142 1 0 5.694
32 4-amino-2,3,5,6-tetranitrotoluene 8 -1.05 -1144.87 -0.14577 1 1 5.44
st 33 2 ,4-dinitroresorcinol 6 -2 -791.67 -0.11323 1 0 4.9
=t 34 tetranito-pentaerythrite ( PETN) 12 1.9 -1036.8 -0.08242 0 0 6.922
35 tetryl (CE) 8 -1.04 -1144.86 -0.14533 0 0 5.62
36 picric acid (PA) 7 -0.44 -920.95 -0.1432 1 0 5.7
TR F S Hs nyg AR THH .
F= @(4n( o, ¥4 TS0 o + 5. 750 gy, + 2.2 HEEWEY
4 | | AWEFE BP M & H%@%ﬁ”ﬁﬁi_iﬂﬂ DPS ( data
Nog + 2 + 3 T g T R”H) processing system ) Z i 4t H &R 48 5¢ . & £ kil
K ngyo, WA TR C—NO, FEHMEH s ny o, D IREHIE 7-3-1 [ P 45 25 *@Tﬁ‘{mﬂ*tﬁﬂiﬂ}o 1 Ht
Sy F o N—NO, 3£ P88 Hs one oo, 920 T o /NUIERHERED 01 5 A JZ 1 080 29, & 250
C—ONO, % H ; noy §—C=0,C—0—R &L 1) LB & 21 mch 3,4 3704 Iki%.ﬁ,?ﬁ‘iﬂﬂ%%%mi‘é

ﬁE(R:H‘NHz\CI’h %)’
CONH, A % H ;

ng H 4y 5 H—COOR FI
n HARIECH 5 ne J9 0k T 5K

2. X HLUR O MR 22 (RMS) FIAH XS 2 77 MR R 22
(RMS,) Sf PP #4584 o 0 1 i



%2 AR R Al 2 T % T A 24 d o e 169

R2 MEEBTUER

Table 2 Comparison of H,, between experimental and predicted with artificial neural network (ANN) model

No. explosives Hyy(exp. ) /cm Hso (pred. ) /cm residual /cm
1 1,3,5-trinitro-1,3,5-triazacyclohexane (RDX) 24 19.76583 -4.23
2 3,3,4 ,4-tetranitrohexane 80" 80.28130 0.28
3 N, N'-dinitro-1 ,2-ethanediamine ( EDNA) 341 36.18116 2.18
4 2,3 ,4 ,6-tetranitrotoluene 19 28.43164 9.43
5 N-nitro-N-trinitroethylmethane 9 18. 11580 9.12
6 nitroguanidine (NQ) 350 350. 00000 0
7 1,3-diamino-2 ,4 ,6-trinitrobenzene ( DATB) 320 348.32169 28.32
8 1,3,5-trinitrobenzene (TNB) 100 112.08725 12.08
9 nitroglycetine ( NG) 20 17.98109 -2.02
10 2,2 ,2-trinitroethyl-4 ,4 |4 -trinitrobutrate 18 18.49394 0.49
11 pentanitroaniline ( PNA) 15 18.12217 3.12
12 3-amino-2,4 ,6-trinitrophenol 138 144.35628 6.36
13 2,4 ,6-trinitroresorcinol 439 50.98753 7.98
. 14 2,3 ,4 ,6-teteanitroaniline 41 30.00773 -10.99
training
15 4 ,6-dinitroresoricinol 350" 340.43381 -9.57
set 16  2-amino-3,4,5 ,6-tetranitrotoluene 36 43.11228 7.11
17 2,4 ,6-trinitrobenzoi-alcohol 52 91.48122 39.48
18 2,4 ,6-trinitro-m-cresol 191" 91.48532 -91.48
19 3,5-dimethyl-2 ,4 ,6-trinitrophenol 77 98.01261 21.01
20 2,4 ,6-trinitroaniline (TNA) 177 181.04750 4.05
21 1,2,3,5-tetranitrobenzene 33 21.44527 -11.55
22 2,3,5,6-tetranitrotoluene 25 28.22434 3.22
23 2,4 ,6-trinitroanisole 192" 191.51505 -0.48
24 pentanitrotoluene ( PNT) 18 18.57332 0.57
25 2,3 ,4 ,5-tetranitrotoluene 13 28.44954 15.45
26 1,1,1,3-tetranitrobutane 33 18.58886 -14.41
27 1,3,5-triamino-2 ,4 ,6-trinitrobenzene (TATB) 350 348.46878 -1.53
28 2,3 ,4-trinitrotoluene 56 96.74257 40.74
29 3,4 ,5-trinitrotoluene 107 96.73254 -10.27
RMS/cm 23.34
RMS,./ % 40.24
30 1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane ( HMX) 26" 19.01557 -6.98
31 2,4 ,6-trinitrophloro-glucinol 27" 27.29995 0.29
32 4-amino-2,3,5,6-tetranitrotoluene 47 42.66204 -4.34
test 33 2 ,4-dinitroresorcinol 296" 341.54814 45.55
set 34 tetranito-pentaerythrite ( PETN) 13 18. 14837 5.15
35 tetryl (CE) 32 26.65825 -5.34
36 picric acid (PA) 87 81.53943 -5.46
RMS/cm 17.84
RMS,./ % 20.5

Note; Values noted 1) are taken from Reference [8], and the others from Reference [9].
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Table 3 Comparison between ANN model and two traditional models

. Hgy (exp. ) Model 1 Model 2 ANN
explosives /em Hgy (pred. ) /cm Hgy (pred. ) /cm Hgy (pred. )/cm

30 1,3,5,7-tetranitro-1,3,5,7 -tetraazacyclooctane ( HMX) 26" 23.388 20.514 19.01557
31 2,4 ,6-trinitrophloro-glucinol 27" 22.771 49.292 27.29995
32 4-amino-2,3,5 ,6-tetranitrotoluene 47 41.567 79.672 42.66204
33 2 ,4-dinitroresorcinol 296" 215.774 221.1276 341.54814
34 tetranitrate pentaerythritol (PETN) 13 1.566 6.6377 18. 14837
35 tetryl (CE) 32 108. 7426 56.693 26.65825
36 picric acid (PA) 87 70. 8589 48.736 81.53943

RMS/cm 42.71 36.47 17.84

RMS,, /% 97.7 57.3 20.5

Note: 1) Values are taken from Reference [ 8], and the others from Reference[ 9 ].
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Numerical Analysis on Energy Output of Underwater Explosion

for High Energetic Explosives

ZHANG Zhi-jiang, XU Geng-guang

(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The interface of the multi-medium fluid was caught with Level-Set and the interface was dealt with modified Ghost Fluid

Method. The coefficients of JWL about detonations were obtained from isentropic expansion data calculated by Kihara-Hikita-Tanaka

(KHT) and were programmed. The energy output of underwater explosion for TNT and PETN was calculated. Results show that

energy output calculated by the program is consistent with that calculated by explosion similar rules, and the error is less than 10% .

Key word : explosion mechanics; underwater-explosion; similar-rule; ghost fluid method (GFM)
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Predicting the Impact Sensitivity of Explosives by Artificial Neural Network

WANG Guo-dong'”, LIU Yu-cun®
(1. Ordnance Engineering College, Shijiazhuang 050003, China;

2. Department of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: A method was introduced for predicting impact sensitivity of explosives by the artificial neural networks. Combining with

the topological parameters and the quantum-chemical parameters which obtained by analyzing the fully optimized geometries and the

vibration analysis of 36 CHON explosive molecules using the density functional theory ( DFT) method at the BALYP/6-31G " level,

seven molecular descriptors close related to Hy, were selected, including total electronic energy,lower unoccupied molecular orbital

energy ,oxygen balance index,number of oxygen atoms, active index, indicator of aromaticity (0 or 1), indicator of —CH in a (0 or

1). And the artificial neural network ( ANN) with these descriptors as neurons in the input layer was established to predict impact

sensitivity of explosives. The predicted data of the ANN were compared with experimental and those of two traditional models

established by the oxygen balance index (OB,,, ) and the active index ( F) respectively. Results show that the root mean squares

errors of ANN model is 17.84 c¢m and that of the two traditional models is 42.71 cm and 36.47 cm respectively.

Key words: physical chemistry; artificial neural network ; impact sensitivity ; quantum-chemical parameter



