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Research on comprehensive evaluation method of multi-force
parameters of explosion of energetic materials based on shock
wave, thermal and seismic wave

Zu Xiaowei Kong Deren Xue Bing
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to meet the quantitative evaluation needs of the comprehensive destructive power of the shock wave,
heat and seismic wave damage elements in the explosive energy release process of different reaction mechanisms and
different drug-containing energetic material states, experimental data on shock wave overpressure, impulse, heat dose,
and seismic wave vibration velocity at different distances from the blast center were used. On the basis of the laws of
change of shock wave overpressure, impulse, heat dose. and seismic wave vibration velocity with blast center distance
and proportion distance, a comprehensive evaluation model that can comprehensively evaluate the "strength" of different
blast center distances and different power parameters was established by using the normalized weighting method. The
validity of the established comprehensive evaluation model was verified by using standard TNT test data. and the relative
error of the computed equivalent energy was less than 2%. At the same time, the comprehensive evaluation model also
realized the calculation of the comprehensive equivalent energy of the shock wave, heat, and seismic wave energy release
characteristics of a certain type of energetic material under the same test conditions. The multi-power parameter
comprehensive evaluation method can select arbitrary weights based on different test environments, test scenarios, and
damage targets, and obtain the equivalent energy of the target damage capability of the test material under specific
conditions, which can provide effective quantitative analysis methods for the design, development, and analysis of
explosive energy release characteristics, as well as the comprehensive evaluation of damage capability.
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Fig. 1 Integrated power evaluation process
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Table 1 The method of this paper is compared with other evaluation methods
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Fig. 4 Typical shock wave pressure waveform
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Table 2 Free field overpressure peak and specific impulse test results of TNT and energetic materials

TNT EM
ar/  BGORE/ BREE/  Wea/ e/ BREME/ s/ AR/ BEREMHE/ e/
kg m MPa (Pa+s) kg MPa (Pa -« s) kg MPa (Pa -« s)
0. 146 163. 51 0.236 271. 64 0. 350 629. 14
5 0. 147 169. 20 0.272 272. 41 0. 352 562. 74
0. 149 171. 54 0.232 226. 30 0. 296 521. 60
0. 083 135. 02 0.136 198. 41 0.178 378. 88
6.5 0. 081 145. 17 0.125 206. 41 0.178 397.19
0.079 131. 74 0.126 195. 25 0.176 370. 27
0. 055 121.09 0.078 178.91 0.118 310. 10
8 0.053 108. 21 — 172.76 0.120 —
. 0.051 108. 45 10 0.076 162. 11 5 055 0.120 295. 46
0.037 97.14 0.056 145. 27 0.094 266. 47
10 0.039 96. 32 0. 057 145. 30 0. 091 261. 60
0.039 94. 70 0. 057 143. 39 0. 087 256. 08
0.028 80. 70 0.039 122. 14 0.071 227.90
12 0. 027 76.91 0.041 116. 77 0. 067 215. 80
0. 027 88.98 0. 041 127.17 0. 069 235.83
0.022 64.77 0.031 98. 87 0.053 182. 08
15 0.021 68. 09 0.031 105. 33 0.052 187. 26
0.020 64.19 0.028 98. 95 0. 048 181. 07
0.443 406. 68 0.517 445. 90
5 0. 402 352. 60 0. 554 414.79
0.492 386. 64 0.434 357.67
0. 237 310. 98 0. 311 335. 44
6.5 0.235 328.52 0.271 353.17
0.212 299. 32 0. 295 337.45
0. 150 272. 34 0. 157 292.43
8 0. 140 252. 32 0.163 276. 04
20 0. 145 251.58 95 0.163 273.97
0.096 229. 80 0. 100 246. 06
10 0.096 227. 32 0.098 243. 98
0.097 224.78 0. 100 240. 13
0. 065 198. 39 0. 065 212.43
12 0.063 187. 44 0.062 201. 38
0.062 200. 13 0.062 214.08
0.043 159. 17 0. 045 172. 37
15 0. 045 165. 59 0. 046 172.70
0.042 155. 24 0. 045 168. 76

W RS T TNT 3 45 1 5 R F AL & R
BTWA—bZ B2 854 MR RIIG 25 R £ %
ZEA PR A A X IR 22 BN T 290, R IR TE M B AL T
TSR MR A b 2 i S5 SR VAR Y, AT DL v A b S A
A I A BT T & REM B 2R & L 2 i,
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MIAEH P e =0. 1 MPa, AR 1. 3 W 2 8BIHH
BE) Rypew = 3-511 m/kg"® | Iy = 198.2 Pa + s,
QrxTiypicd = 5 301 kJ/m” | Urnragpicd = 9- 920 ¢m/S$5 7 ypies =
9. 077 m s I gy ypicd = 280. 3 Pa * 54 Qppypiea = 8- 040 kJ/m”,
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Table 3 Thermal dose test results of TNT and energetic materials
TNT EM
¥edim/ O/ Puili/ Him/ ARIE dezZim/ Puilh/ dim/ ARIE/ deZim/ Punlat/
kg m (kJ/m") kg (kJ/m") kg (kJ/m") kg (kJ/m") kg (kJ/m")
A 8.69 18. 63 31.95 35.07 49.55
9.51 21.51 34. 15 39.72 48. 40
R 5.99 12.02 17. 42 20.03 36. 80
7 5. 68 12.51 17. 83 20. 27 31. 64
4.76 7.26 13.76 16. 79 19. 16
5 6 10 20 25 2. 055
4.79 7.35 — — 18. 45
; 4.02 6.43 8.21 11. 90 12.12
3.99 7.02 9.41 11.16 13.11
8 3. 24 4.93 6.01 8. 69 9.63
3.17 5.19 6. 14 8.35 9.57
F4 INTASEMBHERRNEEEEMNLER
Table 4 Test results of peak vibration velocity of TNT and energetic materials
TNT EM
I 3 4 {H P 3 4 P 3 1 1 P 3 1 1 Ik 2l 0 {4
3 é\g PO . 3 2 =X ) z = . }H:z = ) ,u:g\g .
R/ O/ ) Rt/ R/ it/ S/ e/ S/ e/ )
kg m | kg . g kg ! kg 1
(cmes ) (cmes ) (cmes ) (cmes ) (cmes )
5 10. 995 15. 252 21. 811 25. 434 21. 607
6.5 7.240 10. 69 18.799 20. 327 16. 811
8 4.733 — 14.138 17. 044 12.767
5 10 2. 827 10 4. 802 20 8. 209 25 12. 910 2. 055 10. 937
12 2. 765 3. 980 6. 645 10. 705 —
14 2.615 3.823 5. 438 8.170 6. 399
16 2.597 3. 550 3.928 265 5.596
x5 WMERHIE M 5 7k b 2 A A SR b A 9}5Jfﬂ<,f—/rn1Tm1‘;'<
Table 5 Weight coefficient value AABGEE NI EERINE 6 iR, ARRXBALE
T P S AR Y5 i 22 00 7
B 1 0.9 0.05  0.05 0.6 0.4 CMEREE AR
A 2 0.9 0.05 0.05 0.4 0.6 r-g%]gthm@ o ﬁmﬂiégg
&3 0.6  0.35  0.05 0.6 0. 4 14y L gk ilinies & S
A S i ~ LA E RELS
FUHE 4 0.6 0.05  0.35 0.6 0.4 13 el
E 5 0.6 0.35 0. 05 0.5 0.5
1.05 ~ IE R LTI Y &
A RBOWIE Y &
- I E REGIIE Y &
- P R A4S b 2
- AERBSRIE Y&
7 L i L L L '
4 6 8 10 12 14 16
JCE/m
1 L 1 " n ) = i 22 /N NE o N =N
0955 =3 0 55 =5 = 20 B9 AR R B LR T4 7 ok
R0/ R EEN
8  RN[RIALE £ BB R BGSIF e 24 i A 4 Fig. 9 The calculation results of the relative

Fig. 8 The model with different weight coefficients
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Table 6 The comprehensive ratio equivalent calculation

results in the effective area

FE/m MED ME2 MNE3 MNE4L BRES
5 8.62  9.09 10.11  8.59 10. 46
6 8.79  9.27 10.14  8.81 10. 45
7 9.14  9.56  10.23  9.18 10. 48
8 9.48  9.84  10.33  9.54 10. 53

X7 AURBASESLLERANFHREE
Table 7 Relative mean deviation of comprehensive ratio

equivalent in effective area

B /m O WE1 O NE2 KE3 NEL O KES
5 4.30% 3.71% 0.91% 4.78% 0.19%
6 2.41% 1.80% 0.61% 2.44% 0.29%
7 1.47% 1.27% 0.27% 1.66% 0.05%
8 5.25% 4.24% 1.25% 5.65%  0.48%
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