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Table 1 Comparison of the calculation results with literature

ones for shock pressure and pulse duration time

d Vi reference’?! this work

/pm /km -+ 57! p/GPa T/ WS p/GPa T/ WS

25 2.84 9.8 0.011 9.62 0.011
76 1.84 5.3 0.038 5.23 0.038
140 1.51 4.0 0.075 4.04 0.074
165 1.53 4.1 0.097 4.10 0.087
254 1.46 3.8 0.137 3.85 0.135

Note: d is the flyer thickness. V/is the threshold velocity. p is the shock pres-

sure. 7 is the pulse duration time.
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Table 2 The values of different parameters obtained by calculation using Schwarz experimental velocity threshold data

2

d/pm Vi /km « s p/GPa /s E/MJ - m™ 3/MJ - kg™ II/GW - cm”
25 2.84 9.62 0.011 0.150 1.000 1.360
76 1.84 5.23 0.038 0.184 0.427 0.483
140 1.51 4.04 0.074 0.228 0.291 0.308
165 1.53 4.10 0.087 0.275 0.298 0.317
254 1.46 3.85 0.135 0.383 0.272 0.284

Note: E is the energy per unit area. X is the specific kinetic energy. II is power flux.
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Table 3 The change situation of initiation velocity threshold

of polyimide flyer with different thickness
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Table 4 The values of different parameters obtained by calculation using the simulation velocity threshold

d/pm Vi/km « 7! p/GPa T/us E/MJ = m™? /M) - kg™ I/GW - cm™
25 2.92 10.01 0.010 0. 145 1.056 1.454
76 1.90 5.47 0.037 0.193 0.455 0.522
140 1.46 3.85 0.075 0.213 0.272 0.284
165 1.42 3.72 0.089 0.237 0.257 0.267
254 1.37 3.55 0.138 0. 340 0.240 0. 246
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Table 5 The results of fitting curves using different criteria

experiment data'?! this work
criterion name

fitting criterion curve R? fitting criterion curve R?
James 0.122/E+0.161/3=1 0.8753 0.129/E+0.127/3=1 0.8715
p-7 p> ' r=3.50(GPa”>"® - ps) 0.9586 p*?r=1.88(GPa>*® - ps) 0.9813
II-- I1=0.156+0.013/7 0.9950 I1=0.175+0.012/7 0.9940

5 #& it

(1) FIH AUTODYN %K {4 fié % A5 40 2R ik 0 il &
Froopfi R HINS-IV X — i A2, 05 B4R 5 52 50 i 5%
SR — BB UL LA R AR

(2)BEE © 2R 3G i, HNS-IV e 24 (1% 3 2 1)
EREAS; M € R 140 wm J5, #3925 1L
2% ULH T Y R R AT — R Kb R
IS R 714 552 ) R D5

(3) 7 Ha % K B 2 i A o, 6 R 32k R P L RH
I 23 KA — o 1 2 i, 52 bR B 25 e R 5 e R
JE R o R AR

(4) X S50 7 FE B (A BE p-r FI 48 James 1] 4 Al
HO-r $ 45 #4780 &, 85 R R W R I-r A 35 %t
HNS-IV — 4 oo 1 1 01 5% B0 530, B A4 45 1 15 S
k2 R — 3

(5) S 56 o 58] {1 R ASS 000K 5 (30 4 o) 42 B IT -7
FIGEHEATIAA i AR E A, LI T 3@ €y e
i kR HNS-IV AR 58 HNS-IV — 2 ol o7 0 48 2 n]
T

2% 30k :

(1] [ariy, BREl, shsite, 2. a0 HNS-IV 25 9 42 Bk i kg 0
WFFE[)]. KT, 2011 (2): 32-36.
TONG Hong-hai, AO Cheng-gang, HAN Ke-hua, et al. Study
on the short pulse initiation criterion of ultrafine HNS-IV explo-

sive[ )] . Initiators & Pyrotechnics, 2011 (2) . 32-36.

—
N
[

Schwarz A C. Study of factors which influence the shock initia-
tion sensitivity of Hexanitrostilbene (HNS) [ R]. Sandia National
Labs, 1981.

—
w
[

Bowden M D. Determination of critical energy criteria for Hexa-
nitrostilbene using laser-driven flyer plates[ ) ]. Proceedings of
SPIE-The International Society for Optical Engineering, 2008,

7070: 707004-707004-7.

Chinese Journal of Energetic Materials, Vol. 26, No. 6, 2018 (495-501)

(4] MR, %RFF, 0, & BRI A RS HNS-IV Y
WFEL)]. KT, 2015(6) : 1-4.
GUO Jun-feng, ZENG Qing-xuan, LI Ming-yu, et al. Study on
HNS-IV initiation by flyer driven by cupric azide[)]. Initiators &
Pyrotechnics, 2015(6) : 1-4.

—
w

Walker F E, Wasley R J. Critical energy for shock initiation of
Heterogeneous explosive[ J]. Explosivestoffe, 1969, 17(1): 9.
[6] James H R. An extension to the critical energy criterion used to
predict shock initiation thresholds[ J]. Propellants, Explosives,
Pyrotechnics, 1996, 21. 8-13.
[7] Kim S, Miller C, Horie Y, et al. Computational prediction of
probabilistic ignition threshold of pressed granular octahydro-1,
3,5,7-tetranitro-1,2,3, 5-tetrazocine ( HMX) under shock load-
ing[J]. Journal of Applied Physics, 2016, 120(11): 734-744.

—
o)
[

Tarver C M, Chidester S K. Ignition and growth modeling of short
pulse shock initiation experiments on fine particle Hexanitrostil-
bene( HNS) [ J]. Journal of Physics: Conference Series, 2014,
500(5): 52044-52049.

—
Ne)
[

Ebenhoch S, Nau S, Haring I. Validated model-based simulation
tool for design optimization of exploding foil initiators[ J]. Jour-
nal of Defense Modeling & Simulation, 2014, 12(2) . 189-207.
[10] Thafi ki, Efd, AL, FlEk HNS-IV XE 25 % R o o i 4 A0 1
H[)]. =T Ak, 2017, 36(3): 59-62, 65.

QIU Yu-cheng, WANG Jian, TONG Hong-hai. Numerical simu-
lation of flyer impacting initiation insensitive explosive HNS-IV
[J]. Ordnance Industry Automation, 2017, 36(3): 59-62, 65.

[11] Tarver C M, Hallquist ] O, Erickson L M. Modeling short pulse

duration shock initiation of solid explosives[ C] //8th international
Symposium on detonation, Albuquerque: 1985.

(12] sREAR, &, wif, % BEGRESHITRERMR]. K
T, 2011(1) . 20-22.
ZHANG Yu-ruo, JIN Li, GAO Yan, et al. Study on matching re-
lationship of characteristic parameter of exploding foil[ J]. Initia-

tors & Pyrotechnics, 2011 (1) 20-22.

[13] BRisWE. b 5 36 VR AR AE S AR BF SR [ D] bt b
T K2, 2016,
CHEN Qing-chou. Function characteristic and influence of
exploding foil initiators[ D ]. Beijing: Beijing Institute of Tech-
nology, 2016.

A gk At www. energetic-materials. org. cn



HINS-IV 4 25 — 2w o ik 3% S 406 10 AT 52 501

Study on One-dimensional Shock Initiation Criterion of HNS-IV Explosive

QIAN Shi-chuan, GAN Qiang, REN Zhi-wei, CHENG Nian-shou, FENG Chang-gen
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract. To explore the applicability of the p-r criterion, James criterion and II-7 criterion to the one-dimensional shock initiation
criterion of 2,2',4,4',6,6'-hexanitrostilbene (HNS-IV ) explosive, and study the feasibility of one-dimensional shock initiation of
HNS-IV by flyer shock initiation model. The three criteria were fitted combined with reported experimental data and the best crite-
rion equation was obtained. The influence of polyimide flyer with different thickness on HNS-1IV velocity threshold was simulated
by AUTODYN software, and the fitting of criterion curves were carried out based on the simulation results. The feasibility of inves-
tigating the one-dimensional shock initiation of HNS-IV was explored by flyer shock initiation model. The simulation results show
that there is a deviation between the simulation result of the velocity threshold and the experimental one, which is caused by the
change of shape and thickness during the flyer driving. In the fitting results, The R of p-r criterion, James criterion and IT-r criteri-
on are 0.9813, 0.8715 and 0.9940, respectively. The fitting result of IT-r criterion is the best, and the simulation result is consist-
ent with the literature ones. According to IT-r criterion, the best criterion equation obtained by literature data and simulation data
is [T=0.156+0.013/7 and [T=0.175+0.012/7, respectively, two curves basically coincide with each other, indicating that inves-
tigating the one-dimensional shock initiation of HNS- IV is feasible through numerical simulation.

Key words: initiation criterion; 2,2',4,4',6,6'-hexanitrostilbene (HNS-IV ) ; numerical simulation; detonation threshold; shock
initiations
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