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Table 1 Lattice parameters of TATB

Method a/nm b/nm ¢/nm a/(®) B/ (™ ¥/ (%)
HASEM 0.909 0.901 0. 648 107.79 91. 80 119. 88
Experiment*! 0.901 0.903 0.681 108. 59 91.82 119. 97
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Table 2 Chemical kinetic parameters of TATB

Reaction step A/gs™ D) E,/(k] « mol™ 1) Ag/(J g
1 31.8 127. 30 925
2 30.0 209.76 —2797
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Decomposition of TATB at High Temperature
Using Ab Initio Molecular Dynamics

YU Yi',ZHANG Lei"*,JTANG Shengli' ,CHEN Jun'**

(1. CAEP Software Center for High Performance Numerical Simulation ,Beijing 100088 ,China;
2. Institute o f Applied Physics and Com putational Mathematics ,Beijing 100088, China)

Abstract: As a well-known insensitive explosive, TATB has been a hot issue in the field of energetic
materials due to its sensitivity and reaction characteristics. In this work, using the ab initio molecular
dynamics method, we simulate the decomposition process of TATB at different temperatures and
under different pressures, and with or without a binder, and analyze the effect of these factors on
TATB’s decomposition mechanism and reaction rate. The results show that the reaction mechanism
keeps unchanged at different temperatures, while the reaction rate is greatly influenced by tempera-
ture. Pressure has different influences at earlier and latter reaction stage. We found that,for a system
containing fluoropolymer binders, the fluorine polymers participate in the TATB decomposition and
change the components of the final products.

Keywords: TATB;thermal decomposition;ab initio molecular dynamics;binder
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A Desktop Laser Driven Shock Wave Technique and Its Applications to
Molecular Reaction Mechanism of Energetic Materials

SONG Yunfei,ZHENG Zhaoyang, WU Honglin,ZHENG Xianxu,
WU Qiang, YU Guoyang, YANG Yangiang

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract: The miniature desktop pulse laser equipment can be used to drive shock wave and load
dynamic high pressure (DHP) in materials, a technique marked by its low cost, high experimental
repetition frequency and ultra high loading rate. The present paper presents the work we have done so
far on the desktop laser driven shock wave technique and its corresponding application in exploring the
molecular reaction mechanism of energetic materials under shock. We have built an experimental
system using nanosecond laser pulses and developed a method to characterize the features of shock
wave. The laser driven shock wave obtained in our experiment has a rise-time of only a few nanose-
conds and a peak pressure of no less than 2 GPa. This experimental system has been used to study the
shock sensitivity of the typical energetic materials RDX. It was found that the intramolecular charge
transfer induced by DHP is a key factor influencing the sensitivity. Under high pressure,the electrons
on the C-N heterocycle will transfer to the nitro group, leading to the increase of the sensitivity of
NO.. This result can provide experimental reference for understanding the shock ignition mechanism
of RDX. Through the present and the future subsequent work, we expect to develop a comprehensive
experimental technique that can support the investigation about the shock ignition mechanism of ener-
getic materials on the molecular level.

Keywords: desktop laser driven shock wave technique;energetic materials;shock reaction; RDX
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Table 1 Parameters of Hugoniot curve of some common materials

Material o/(g+em™)  ¢/(km-s™h) S Material o/(g+em™)  ¢/(km-s™h) S
HNS-V 1.6000 1.430 2. 630 Tt 4,5118 5.220 0.767
Al 2.7850 1.290 5. 370 Kapton"'"] 1.4140 2.737 1.410
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p=C(cc+ Scuy,)peu, (6)
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Table 2 Comparing calculated results with literature results

v/ p/GPa /ns
di/pm Material o/ % 8/ %
(km s ") Calec. Ref. Calc. Ref.

25.0 Kapton 2. 840 10. 43 9. 8k 6.43 10. 80 10. 345 4. 85
76.0 Kapton 1. 840 5.22 5. 3t 1.51 38.00 36. 35 4,68
140.0 Kapton 1.510% 4,09 4, 0t 2.25 73. 80 70. 8% 4,24
165.0 Kapton 1. 530 4.16 4,10 1.46 86. 70 83. 15 4.33
254.0 Kapton 1. 465 3.90 3. 80 2.63 135.00  130.0%] 3.85
3.0 Al 3. 660 27.27 27. 1t 0.63 1.61 1.6 0.62
3.5 Al 3. 300 23.25 23. 1t 0. 65 1. 96 1.9 3.16
4.0 Al 3. 160 21.76 21. 6t 0.74 2.28 2.2t 3. 64
4.5 Al 2. 920 19. 29 19. 1t 0.99 2. 64 2. 6 1.54
5.0 Al 2. 77 17.81 17. 74 0.62 2.99 2.9 3.10

25.0 Kapton 2. 96 11.12 11. 1t 0.18 10. 70 10. 7t 0
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Fig.1 Pressure versus duration for Fig. 2 Specific kinetic energy versus energy fluence
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Table 3 Simulation results of initiating HNS-IV explosive by micro-charge detonation-driven flyer

Explosive size/ v/ u/ p=%c/ 0.1900 . 0.0954 Simulation
p/GPa 7/ns - : +=

(mmXmm)  (km=+s ") (km+s™ ') (GPa™" « ps) > E results
@0.8%0.3 2.29 15.70 4,381 1. 68 1. 35 0. 960 Non-detonation
@0.8%0. 4 2.43 17.16 4.155 1.76 1. 54 0. 883 Non-detonation
@0.8%0.5 2.62 19.23 3.881 1. 88 1.82 0.787 Detonation
&0.8X0.6 2.67 19.79 3.815 1.91 1.90 0.766 Detonation
20.8X0.7 2.82 21.50  3.628 2.00 2. 14 0.707 Detonation
20.8X0.8 2. 86 21.96 3.581 2.03 2.21 0. 690 Detonation
&0.4X0.5 2.45 17.38 2.062 1.78 0.78 1. 620 Non-detonation
20.5X0.5 2.56 18.57 2,477 1. 85 1.08 1. 230 Non-detonation
0. 6X0.5 2.58 18.79 2.952 1. 86 1.32 1.030 Non-detonation
&0.7X0.5 2.61 19.12 3.408 1. 88 1.58 0. 886 Detonation
@0.9X0.5 2.61 19.12 4.381 1. 88 2.03 0.713 Detonation
@1.0X0.5 2.61 19.12 4.868 1. 88 2.25 0. 653 Detonation

M1 3 I 4 S A ALY AEAE SRR 25 R, M4 & AR W 26 25 R~F o 0. 7 mm X 0. 5 mm il
WA B R 560 pm B, 28 pm JEAYEL R AR ph AR HNS-IV EZY . MG 3 gl vl LUE IE Z R4
GARENE pre FIHEFN James FIHE . &3 S HNS-IVAEZG Y pe FIHRHA A1 . I 3 AT, BUE A
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HNS-IVHEZG AR LA B James 95 R HNS-IV 1E 25848 . 78 2R i f g S0 06 vp L 28 25 RSf
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e " i — Adjusted curve
;L 9L IE 0.25F
& 0.20F
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XOIp . o.10f
0.05F
0 . . 0 ._ : e -
- 2 4 6 0.5 1.0 1.5 2.0 2.5 3.0
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Fig. 3 Scatter distribution map of p"z criteria Fig. 4 Scatter distribution map of James criteria
for HNS-IV explosive for HNS-IV explosive
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FE R R* KT AW FE 400 GoKG B2 45 SCHR 41 18 1) 45 2R 5
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SR — B, T BE A M R e [ P A R HINS- IV KR 24 0 b o R R M BE L B AT TR S A S
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Short Pulse Shock Initiation Criteria for HNS-IV Explosive
GUO Junfeng'*,ZENG Qingxuan'?,LI Mingyu', YU Qingxia’

(1. State Key Laboratory of Explosion Science and Technology .Beijing Institute
of Technology sBeijing 100081,China;
2. National Key Laboratory of Applied Physics and Chemistry ,Shaanxi Applied Physics
and Chemistry Research Institute , Xi’an 710061 ,China)

Abstract ; Flyer shock-initiated HNS-IV explosive is an important topic in the research of the in-line explosive
train. In this study,with the influence of the energy loading method, which may be electrical explosion, laser
and micro charge detonation,and flyer material on the shock initiation taken into consideration, the parameters
of p"r and the James criteria for HNS-IV explosive were obtained according to flyer threshold velocity meas-
ured by literatures. Meanwhile, the process of initiating HNS-IV explosive the flyer driven by copper azides
was simulated using the ANSYS/LS-DYNA program,based on whose results the parameters of p"r and the
James criteria for HNS-IV explosive were adjusted. It was found that the p"r criteria for HNS-IV explosive
should be adjusted to p***c>>1. 54 GPa** « ps(0. 001 ps<<r<C0. 14 ps,3. 8 GPa< p<C28. 0 GPa),while the
James criteria should be adjusted to 0. 215/X-+0. 108/E<C1. The two adjusted criteria, which might have a
higher practicability, were consistent with the simulation results.

Keywords: shock initiation; HNS-]V ;initiation criteria;numerical simulation
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1.1 XBERE

SR FH A 488 AR O T 5 0 3 R AR X k0 24 R it AT — 4V T o S G S 0 R A R R
WE LR, SCERE E R ORI E T A G HOE T B IR R AR O T
TR AS LA R 7 i3 i 5 . 236 wpofit A KE 250 i RSE R D20 mm X5 mm, KE 24 B 5 %8 36 7 560 |, A
LiF St 5 040 i e THE 25 Ja MM BEAR 5 208 1. W R R AE I L RIH D57 mm O K0
WL & B H R DI W B I A B S, AR SR S R E 2 B
IR EE 3 B . FIH PDV [R] B & e/ LiF 28 B IR KE 25 FE 5/ LiF 38 5 IR o R

3 45 6 7

1. Sabot; 2. Sapphire flyer; 3. Velocity-measuring ring; 4. Sapphire substrate;

5. Explosive sample; 6. LiF optical window; 7. Target buffer
1 i EoRnER

Fig. 1 Illustration of experimental devices
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—
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Fig. 2 Explosive target sample devices Fig. 3 Illustration of explosive sample devices
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Fig.5 Particle velocity-time relation at 3. 966 0 GPa Fig. 6 Particle velocity-time relation at 5. 5515 GPa
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Fig. 7 Particle velocity-time relation at 7. 5527 GPa Fig. 8 Particle velocity-time relation at 9. 726 5 GPa
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S 2 g e 25 TR A O DR 0 3 el 00 K R AR A R R

M5 6 (7, AT BINE 2 RE S vh i IR R 1 p. T ol THE SR I 108 v R K
RE IR T p. FUBETE oo BURIA T4 8] JB-9014 K57 mhili e PR S T (p o) T Y po M2k,
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x1 ETRVELER
Table 1 Experimental measurement results
Experiment Experiment o/ w/ uy/ us/ D,/ b/ o/
No. set-up (geem ™) (kmes ') (kmes ') (kmes ') (km+s ") GPa (gecm )
Shot 1 Sapphire flyer 1. 894 0. 689 0.363 0.574 3.64740  3.9660 2.2465
Shot 2 Sapphire+JB-9014 explosive 1. 893 0. 805 0.484 0.735 3.99023 5.5515 2.3204
Shot 3 Sample (5 mm) +LiF window 1. 893 1.076 0.625 0.913 4.36933  7.5527 2.3930
Shot 4 1.898 1.324 0. 766 1. 084 4.72697  9.7265 2.456 3
Shot 5 Sapphire flyer 1. 893 0.696 0.216 0. 480 3.433 3.119 2.2000
Shot 6 JB-9014 explosive 1. 889 0.918 0. 300 0.618 3.788 4,422 2.2573
Shot 7 Sample (20 mm) + LiF 1. 893 1.173 0.394 0.779 4.028 5.941 2.3469
Shot 8 Window+ (PDV) 1. 891 1. 490 0.527 0.963 4.501 8.196 2.4057
Shot 9 Copper {lyer 1. 898 0.634 0.481 3.40832 3.1127 2.2040
Shot 10 PVDF gauge 1. 898 0.989 0. 604 3.77649  4.2293 2.2534
Shot 11 Cu (5 mm) +JB-9014 sample 1.893 1. 003 0.639 4.00000 4.8385 2.2529
Shot 12 x2 (5 mm) +Cu (15 mm) 1. 889 1.074 0.813 4.13571  6.3500  2.3562
5.0 11
- ’. 10 -
4.5+ AT N
D=2.41877+2.139 61u ~* ol /
= /
\4 <
4.0 X v % ° gl v
o yo ” 4
2 _ _ .~ o Qc? 7k /
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= S 6L %
<[ — — Liner fitting result £
3.0F A Reverse impact data sl N
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o5l ¢ This experiment data 4+ « a  This work
’ ¢ JB-9014 data, Ref. [4] py 4 — — Nonliner fitting result
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Fig. 9  D-u relation Fig. 10 p-p relation
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B PR AN B E BE 200 1. 7 06 il A RE B OPRVE N B GE BE 2 0. 54 00, AN E BB/

(2) PO 5 D00 3 ASCIM ek K0 245 A0 it o 9040 i A 5 38 8 52 36 2 1 B, W 7 ) P 00 A T
A D B RS RE e

(3) 3 ek S 6 0 2 0l 26 4005 A9 B TR RN JB-9014 KEZSAE 3. 1~9. 7 GPa FE J1 3 [ P 1w il
Hugoniot £ D=2. 418 7742. 139 6 1u, [RIRF AR T KE 2570 bl 5 BORS T U (pop) LB pro HIZR
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Measurement of Hugoniot Relation for JB-9014 Insensitive Explosive

LLIU Junming',ZHANG Xu”,PEI Hongbo*,SHU Junxiang®,
QIN Shuang',ZHONG Bin*.,ZHANG Rong”

(1. The Graduate School of CAEP ,Mianyang 621999,China;
2. Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract; In this paper we measured the Hugoniot data for JB-9014 explosive by measuring the times
when the shock wave reached the surfaces of the explosive sample and the particle velocity at the
sample/window interface on a gun using PDV. Calculating the difference between the times when the
shock wave reaches the front and the back surfaces of the sample explosive and its thickness, we
figured out the propagation velocity of the shockwave in the sample, and found that the combined
standard uncertainties of the shock velocity and the particle velocity were 0. 54% and 1. 7% within the
pressure range of 3. 1-9. 7 GPa, through uncertainty analysis. Moreover, we also derived the relation
between the pressure and the density of the JB-9014 explosive sample from the simultaneous equation
of the Hugoniot relation and the Rankine-Hugoniot relationship of the shock wave form and obtained
the fitted p-p curve in the sample along the (p,p) surface under heat-insulated shock.

Keywords: PDV ; Hugoniot relation;insensitive explosive;particle velocity;uncertainty
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DL RE—3. b T IR, R A 4 Rl BRA L, @A TR B BOXL IHRZS R 5 m X117 m, 28K
BR M 0.5 mX17 m BYIREEL . RIS R4 BBk 550 X1 700=935 000, WA R A 1 em X1 em,
ZARMZ Y5 Euler 8% TR EE T M i R PR B H B2 KE DI B se 0y 7 UIH A 2 S8, W Fb
Do A5 30 3 [ A A SR A AR KEZS IR 1 0. 1 MPa(l AN KA R A N T3 240
R A1 Bl it I 73 (Flow-out) Jif S i B 448 B R 1 2 fi i,
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3 Explosi
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5m boundary Height
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Fig. 1 Distribution of sensors Fig. 2 Simulation model
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K25 BB K 7= I 7 Cp) SR T JWILEP DR 2 07 il e
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Table 1 Parameters of JWL equation for explosives

) Density/ A/ B/ E,/ D¢/ par/
Explosive R, R, ®

(g+cm ?) GPa GPa (10°J e m™®) (kmes " GPa

HL-01 1.673 694.52 13.75 4.55 1. 30 0.49 0.96 8.325 29. 39

HIL-02 1.763 1897. 54 24,77 5.83 1.72 0. 35 1.19 8.121 23.91

HIL-03 1. 865 2225.42 27.59 5.85 1.73 0.49 1.42 7.879 20.70

2 SORIIHAR RS Iy s R0 R T e AR T A SR BOBE AR I RHT U L 45
SR AUTODYN R

2 REEIIGF
SEE IS M FE B B 25 0 B B 3.4.5.7.9.12 m UK KM BRI o 1% 2% 3% 4% 5% 67 M
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¢ 2 Al HL-01 B4 FLRRKER E N 0. 44 mo« kg %, H = i S O BLIUE 58 & I8 78 2 50 18] b X} F
FRYER B 0.40 F10.60 m « kg P IHh S Z 0], X UEBH . — J7 M. % 2 50 0 AT LR Sl o B AR 1 24
B4 = I oS 1 R 5 % — O D S A E 5 T A S ) BT ABE R X T 0 2 2 K Y = N R R T AT YL O L AT
VLT 5838 SCBRL7 I i B R S50
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Table 2 Height of three-wave point for HL-01 gained by simulation and empirical chart

Height of three-wave point/m

X/m
Ap=0.40m » kg™ An=0.44m * kg '* Ap=0.60m » kg™ '"*

2.5 0.68 0.38 0.34
3.0 1.12 0.61 0.57
3.5 1.71 0.84 0.81
4.0 2.05 1.15 1.05
4.5 2.74 1.72 1.37
5.0 3.37 2.51 2.05
5.5 4.15 3.11 2.51

(2) HL-02 #EHME 5 2 58 1% L

HL-02 R RFEFH EXPLOS HEE R, 0 7271 ]/ g B8 80 TNT 248 J5 X5 I A9 X o 48 1 w5 2
HF0.4m kg VP, FIHAE EIRER B = a0m B, S BE A X R 3 Fros, Wk 3 AL, A
FRKEZG HL-02 11 = I8 A g J3E 110 P13 1k 20 900 {1 5 40010 170 AR X 15 2 B AR 00 B ) 0B/ N T 086 K, 2. 5 m b 82
6 (AR X FRLE A iR 223K %) 43.89%0,5. 0 m LUJF iR 2 2RI 2] 3% LI,

£3 HL-2HWZRASENENEEZKE
Table 3 Height of three-wave point for HL-02 gained by simulation and empirical chart

X Height of three-wave point/m Error between simulation
m Simulation Empirical value and empirical values/ %
2.5 0. 66 0.95 43. 89
3.0 1.02 1. 35 32.31
3.5 1.46 1. 80 23.25
4.0 1. 90 2. 30 21.01
4.5 2.54 2. 80 10. 20
5.0 3.50 3. 60 2.82
5.5 4. 21 4. 30 2. 11

XFFREARKE 25 HIL-01 9 = i = B2, WA RR 5 i h 3 4 SR 2 — 300 JE B T B0 A 400 7 2 1) I o 4
3 VLWL, S AR KR 2 AN S TR AR i, B IR R B SR B AR TIN'T e 24 5 3 o 2% B3 38 i 4 24
9 TNT 28, = S0 B 2R p i B BB A O . 2 40 0 24 R A RO L AR RB AR % 16 A o i Dk i

L5 LT TS AR KR 2 0 = I v B G R 2 B ek A e AR R 25l B AR LA B 1Y
iR E .,

3.2 HEHEIMEAN=ZEEATE

ALY HL-01,HL-02 F1 HL-03 3 B KF 24 1Y ih i e A% 1 2k B AR IS s 00 = I’ QLI 7) X6 =0k s
FEEAT H I A5 3 3 b KR 24 70 AR )0 50k ) = 30k a5 0 BE ) S AL 9 IR

F P9 AT O, . 3 b o 24 B0 = Ik a5 v R A ot I R K ST S A 8 0 S DR 7 5 3 R 24 B AT A A
B FY = S, ELAE R — K P FE B A iy (HL-03) >>h (HL-02) >>hy (HL-01) , & B %} T RDX & 5 47
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E- 3

Shock velocity/(m * s ')
2r X/m
HL-01 HL-02 HL-03
1 L
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Fig. 9 Height of three-wave point vs. distance

from blast center
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Numerical Simulation of the Three-Wave Point of
RDX-Based Aluminized Explosives

DUAN Xiaoyu,GUO Xueyong,NIE Jianxin,
WANG Qiushi,JIAO Qingjie

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

Abstract: To identify the properties of the three-wave point for aluminized explosives in the near-earth
air blast, we simulated the explosion process of 3 kinds of RDX-based aluminized explosives,i.e. ,
HL-01 (RDXph), HL-02 (85% RDXph+15% Al) and HL-03 (70% RDXph + 30% Al), using the
ANSYS/AUTODYN software. The results show that the pressure histories and the near-earth
overpressures obtained from the simulation almost overlapped those measured from the experiment,
indicating that the chosen model and parameters were appropriate. The comparison of the simulation
results with those from the empirical chart shows that it was not suitable to calculate the height of
three-wave point for aluminized explosives from the empirical chart,while it was so by simulation. At
the same explosion height, the height sequence of three-wave point was HLL-03>>HL-02>HL-01. For
the same explosive, the height of three-wave point increased with the decrease of the explosion height.

Keywords: aluminized explosives;air explosion;numerical simulation;three-wave point
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(R TR 2L T2 B 008 M At 210094)

WE. N TAREREEGBEEGEARTHNBEEGER S Y m, EREEDL 25
WA T KA K 40 nm.3 pm 135 pm By 3 AN . FIABIE R BT NEEZR,RKE T 4 F K
EAHEG L, 2HEMNEE L0 L2 L.omAWBEME BEHME,FRA L THHEEHMN
(DSOHARX 3 EEN A BREEARLEENE N, TRARERXN . ENRENEE
EHEARZEANBEEEARAY . EHEN 3 pm WL 2 AL EBA WA ERES 148
FT 6.0% A E BRAER SEFAT 10% 0 L3 A4 5 By A L 3 B A 4R R R AR B9 D T R
EAR R APEIEE 3L 1Y, AR ERFE R E RIS EHEE(TORABRKT 11.7 °C,

KW ER B REE EE R E R L E R

FES%ES.TJ55;TQ560. 7 SR ARINED . A
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J3 o K 24 1B P BB 1) 5 T ML B, AR AR SRR e T R Ll R T RO [ 1 Y R T S R KR 2 MR Y —
FiHE Ak 7 1) 5 BE SR 2 DA A I 50 pon BR300 KE 25 00 o B0 A5 R 7 T K. A0 ) R A% X e 24 43 1
RIS 7 I B8 KGR AE S R DSC BIFSE T8 4045 8 (150 nm) ARS8 (4 pm) X RDX W 520, &
BB AN AR BT BR T K A3 ik T 0 T 5 R R X S e AR /DN s R A AR R DSC OBIFSE T 40 K 48 A
RDX #4ift B 52 M0 45 9L 7R AR 48 0 RDX B Jilt SR 168 3 [ A% s Zha 2800 B £ Fhs2 86 0506, &
P RDX 15 1k BE Fifi % 48 by 42 4 189 R T 42 85 s Meei 2502058 11 76 CL-20 Hh i in W b S W) BE A2 19 45k, DU
TR H AR A [F] T I R T 36 Ak RE RIS & 43 TR BE L BIF S A8 M RLAR X CL-20 VB e MR 2, DL A %
SRR LA X K 24 4 0 AR 1) S i 0 ) T S 2 T A S AR OB R AR X K 2 B2 S R B T ) F O R

« WFRBHE: 2017-08-07;f& B HHF: 2017-10-30
BB .. BERARBSFAES1702142) ;7LH34 A RBHE R 4 (BK20170825) s VI HF M 2 ) e TR B Bh o H
EEB AN EUEA993—) 5 Bt , 322 4R 24 08 F i 11 R PE B 9. E-mail : wangmingye0417@163. com
BEMEE: TARAISL B W, B85, T8I K& H RN A FSE. E-mail: boliangwang@163. com

035201-1



%33 I 7/ B - S 532 %

HR P B KE 24 Tl K 24 1 RE i i B S AR 2 R A G OO . R B AN R R AR R
F8 3 e 1 245 AT FR 245 18] B8 R KR PE T 38 AN 88 58 20 o L OO0 HL 8 K 1 B 1 2 1 L 2D 22 W% 17 0 2 A 2
o ]+ o B 2 e (PR IR AL 3L 24 PP S Y BRORS A DUBS AR A TR 8 NS BRORS th T
50 A THT A B HC T ) AR TR UM L 4 TR 25 R L SR MR 2 Ok TR I B R L TR 4 B A
o WIF T SFOM AL B A X i K 24 g e A A0 A o A P 1 52 g L

ST E M) P AR 0 2 i A A BIR 22 TR il KT 24 ) T R i e A B A R A X K 24 R 3 e ol
S B R T B L F 5 B R R A T A T K 24 48 S5 R P 19 52 TR i 7 R R R AR 5 R R L RE =2 1 Y 5%
F 5 Il 22 78 34 1 A (DSCO X i R K 25 3547 20 A7 5 DU A B 65 400 0 A2 06 3l s 0 2 322 5 1 i 3%
Wi o 38 Ik LRI S il R K 2 B R e BT BT R B R SO

1 £ I§

1.1 WM

SEHGRE i B SEFE A CHMX) AR 8 2D a1 Bl R 700 R 266 28 B R0 A A S50 R FH IR B A7 3 i, oy
TAE T3 K BB 1 48 R S 5 v S AR AT T B BRI R Sl R A R AT PR A | B
W1, H2hiH 340 g BIFIE 24, 4M2 K 60 mm AEHEZE Jy JH-14, R ~F 5 @20, 0 mm X 21. 5 mm,
oA 11,5 g, FH 8 5 i T4 M2 kE i, KE R O 160 em,

®1 BEEBAES

Table 1 Components of thermobaric explosive

Oxidizing agent/ Binder desensitized Al/%

Sample HMX/% % agent/ % 40 nm 3 pm 35 pm oo/ (g rem D)
1 52.5 8 4.5 35 1.9158
2 52.5 8 4.5 35 1.9099
3 52.5 8 4.5 35 1.9246

1.2 saM%i

ST R ) 3 AP AR K B9 4 B 8BS (Scanning Electronic Micrograph, SEM) B NE 1 fin, 7T LLE
H,40 nm A3 pem FOBRE ORI  BRIZ BE 4T . 35 pem KR40 22 KL ERTE , (EL [] Bsf -t 47 26 AN 0 00 £
KL T R AFTE—E ARG . 2 R R 52 th T 0K 22 () /Y 9 74 ) A g B 5 S50 4 AT
SN AR M SR e T AE A RO AR R HE AT B 7S A B BRI IZ I A

(a) 40 nm (b) 3 um (c) 35 um

Bl 45K SEM K
Fig. 1 SEM images of Al particles
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1.3 BESBRMNRXRS

SLHAE 16 MnR 9 JC 4% A5 42 17 B 14 B2 2 PR AR KE 78 28 TP b AT . % PO B 25 20 0 oy o ) oAy [ AR T 3
(RN LR FIERFER LB, FERBESE ANV, W2 LR 1.5 mo N2 R 4 m, IR AR AL S —
AR 0,15 m (15 IR 20 BE RN JR KE 28 2 AR ST IR A 1. 6 mo /o 1) L) 25 PAD B 8 20 4 11 R M 4%
RO R AN I 2 B . e IR T A SRR UK T 5 2R 2 v 0 KT TE X B 258 Sk AN 42 R HE T AR
D,

S BT R T3 003 7R G 2 Hh B R AR AN TR AR B B SR L AL PR R S A B, H b e R 4
IS L ElsysAG A A ) TraNET FE 208 7 223 18 5080 R A2 1, 5250 40P R AR AT % R 1 MHz; /5 4%
H1 25 H PCB 22 m) A 77, 2 0~3. 45 MPa, M8y 500 kHz, &I FEMRIER SNG40 i 18l 3 B .

7N\
| <
S
| Free-field
pressure sensor
| & Pressure sensor
Q‘}\ Sensor .
o) L~ panel  t----- B R PR EET
b4 1.5m 3
N X/
| =
| i
'f//////////// /I /// / Sand
4
3.0m
K2 BIEAHRER Bl 3 fRIERAs O B s
Fig. 2 Sketch of test device Fig. 3 Sketch of sensor position

2 WMXERESDH

2.1 HEHEESH

T LR K 2 T 920 3 UK A 2 S 0 7 A I B B A 2 A5 T Ak il 4 SRR AR L B R
F b PO i b e T R ) 3K B RO A B R S S AR, TR A BIE S AT A
B AT b i S, T A 7 R A5 A S TR A R 1 YL K 2 A A [T 5 A R g B R 2R L
BRI

750
1 2 (a) 1.0m 350 | | 2 (b) 1.2 m 480k 1 2 ‘ () 1.5m
600} 3 3
630 400+
< 450} S s 3201
ST L S i
00 310} =
B 160+
L50F M 170+ 380}
0 { : . ! n 0 : . N 0 n " . : A n
0 02 04 06 08 10 12 0 02 04 06 08 1.0 12 0 02 04 06 08 10 12
t/ms t/ms t/ms

B4 A [R5 Ak e s 7 i 4 (]
Fig.4 Shock wave history at different test points
P& 4 AT RE S 2 (08 R AR A5 I B A 34 e R, T LA £ R 7= AR R T W A BRE 0 91 FB1 P L 5 Y 2
o SRR X VE B AR TR . FEBESS 19 ) i B v, 3 2R O 0 R I AR i 4k S I A kA
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Pa I X 3 A48 00 76 15 B 25 08 M TR 7 1 e 00 = ve A R AR,

R 37 1 m AW I i E 5 Ao, A BR S (] PN IR R E 265 09 B A VE A BB 5 wpds D OE R 4
BEVBIEESRBCR A 6 s, Al 3RBChd BRI E pon MIEEME L HY o itEE,
BARXH

i :J”pm de D)

oA hepd b & Pa . s Ml g, ﬁ%‘]ﬁ@ﬁ&ﬁﬁiﬂﬂ?ﬁ%ﬂﬁﬁ by B AOBTTE]  ms; p (o) AAT:
B 2 wh o DY A I E  kPase A ATE, ms,

600} 600 D,
500 500 F
400+ 400 F
300 300 F
£ £
< 200F < 200f
100 100
o 0 Py
—-100 1 1 " 1 1 1 ~ 1 1 ) —100 1
0 1 2 3 4 5 6 7 3 0 0.2
t/ms t/ms
5 R KE 25 b D R & El6 kiS5
Fig.5 Shock wave of thermobaric explosive Fig. 6 Shock wave parameters

x2 TRV ERSH

Table 2 Shock wave parameters at different test points

p/kPa i./(Pae®s)
Sample
1.0 m 1.2 m 1.5 m 1.0 m 1.2 m 1.5 m
1 601.7 443, 2 754.8 80. 3 71.5 228.3
2 642. 4 471.7 808. 1 91.6 76.3 238.6
3 553.1 412.9 713.8 72.6 69.8 231.6

2.2 SEMRNEXNBREEDHESHED

P P 4 R 2 TR, B AR X T A 2 e e TR R i A SR TR R RT3 ™40 nm™>35 pm,
1.0.1.2 1 1.5 m Ab % FE Sy i8] ph 28 S B0 9R 3 K L 1. 5 mo kb 3506 )5 1o o 30 B B 00 S B i Sk 2 TR O %
Sb AL TR AN B A 2 A O R TR, e o D R A B s T 0 ) T RE TR R L R E A B S R BB R
fili phbs PV B R R . ARSL 1 SRESY 2 M EELAE 1. 0010 2 R 105 m Ab 8 R R o i A3 IR AR T
6.3%.6.0%.6.6%F1 12.3% .6.3% 4. 3% Fdh 3 £ 1.0, 1. 2 Al 1.5 m Ab &8 FE Fl b i LLRE A 2 43
TR T 13.9%.12.5% .11. 7% F1 20. 7% .8.5%.3.0%.

SRR B R R R TR S 3 T R A A R [ B bR RN R TR R R T S S
5 B N 2, T LA A A2 40 S R PR v o D B R R R T EL AR R 5 7 W 0 R RN RE %
Yok 2% A5 B s T w5 I8t %) S B TR G A A /N R AR R R A IR K 2 A BR S TR 4R R R e g L
Do pyvico ivs. FEAN 1B E S B TR 2. X FE 2B TR GRS R, S —figk
G )8 R RN LA T R L R 2 T i R AE L DT A 3R T TR B — J2 AR A BT, S BORE ol v 3 PR AR Y B R
i B0 2 5 2 SN P AR R S B AR L S T 0 UE L R I A Sl A A AR R A B ] AR
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X3 FCRLAR B R B G PEA 41 R A AR SRR RR RS TR 3. i R 3 P R R T LU L BE A B kL
T r s AR BB W T e /IR B9 BRR HL R T UK A A T SR A HE AT L EL [R] Bk B ) 4 A
XA R A IEE AR S 0T AL 1R bl SRR TR A 2,

x3 IMULEMHNELEE
Table 3 Oxidation degree of aluminum

with different particle sizes

Oxidation degree/ %

Element
Sample 1 Sample 2 Sample 3
Al 84.24 90. 57 93.29
Other 15.76 9.43 6.71

3 MXERESH

3.1 XWUFSEH

2278 P B SL 6 fr AL A8 -5 S $OR A DSC-204 , F 15 [ i 3 2 7 A2 7=, fE i o g R 1Y)
AN PR A 60 mL/min USSR FE A BT (0. 70420, 03) mg, THE R K 2.4.8 A1 10 “C/min, &
JESL A 50~400 °C,
3.2 #R5iH®R

Fie FR b 3 S8 T 3 o W S S [RDRCAR B0 8 B IR R 4 25 9 DSC it 2k, ik 25 SR %) T 3% 4, 8 R i
B M R BT Ty S A8 A B B AR O3 MR IR R T, 3R e i I (R R . DU 2 an &l 7 s

x4 JHEEREARFARERZTH DSCEHR
Table 4 DSC results of 3 sets of samples at different heating rates

Decomposition process

. o -
Sample  B/(°C * min ') M/mg T./C T.C
2 0.72 271.6 273.4

1 4 0.70 276.6 278.7

8 0. 69 280. 4 284.0

10 0.71 281.0 285.5

2 0.70 274.1 276.4

) 4 0. 69 277.3 279.5

8 0.71 279.9 284.6

10 0.71 280. 4 285.6

2 0.69 276.6 277.9

4 0.71 278.1 280.1

’ 8 0. 69 279.6 284.9

10 0.73 280. 6 285.8

AYHTEE A A7 TN LRES 1R 2 FVRE S 3 1Y DSC 2k vh 24 32 SEAEAE — A TR B 5 THR R 1Y
T B i g 1) e I RS . AR R TR 3R T AR S 3 RS R 43 R TR R (A0 VR R L 1 R
FEah 2 #OA AR EE R4 & . Lh 2 °C/min D8], OB IR 40 A T 5 R {2 A VR BE 43 S ERCRE S 1 R o 2
PER T 5.0 A1 4.5.2.5 F1 1.5 °C, [H Bl 5 T I 258 14 $2 /85 5 3K Bl ) 23 98/ L ff 4.8 AT 10 °C/min FHl
PR T 3 2R A RS o A R R R I (43 R TR A 22N K

T 25 T A5 R R B X I K 24 3R A P 1 R L R Kissinger 7k ((2) 2O X 3 ANEE & 1)
Syt R HEAT B 12 B R IRR LG AL B E Fids i I A . ZE SR AR b, R (3) 2R (4) 43 3l ok
A5 I AR 3 T SR I A g W TR (T ) RN JE W SRR EE (T o THRAR B 3 D) 2= S50 F 3 5 .
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Fig. 7 DSC results of 3 sets of samples at different heating rates
RA
ln(ﬁ?]:ln( ~E 1 (2)
T E R T,
T, =Ty +bB +cp+dp  i=1,2,3 (3)
E— . /E* —4ARET
Tl) = L0 (4)
2R

P RN THEHE R K/ ming T, Fon AR K E Rm RUTEALRE.] « mol ' R JEBHAR IR
WG] mol '« K3 A RIRARHTIN 055 T 3R A R TR R T W IR B2 L K5 T 378 Tl R 4

T BRI Kb o od FOR TG Ty Fn PR s FHR B K.
RS IHBMRHNINESH

Table 5 Kinetic parameters of 3 sets of samples

Sample E/(kJ * mol™") Ig A r Tw/C T,/C
1 331.2 77.9 0.9998 265.3 267.1
2 421.7 97.6 0.994 3 273.6 275.1
3 480.9 117.8 0.9908 277.0 278.3

1 Kissinger J7 3645 2 (808 7T LA Y, BEFE 500k BLAR 0008 /0 o 3l He 1 24 09355 TE BBt B 2 e/ B 2

FEah 3. FEAD 1 FIAE SR 2 AIS AL REREAR T 31, 100 M1 12. 304, 1L g

/T VL RE 22 Y R L IS AL RE /N

. B X T AR IR WS IS /N R A B R 1 R K 2 L AR R PR BRI . AR i SOk [19-20] 1 5 8wl
H K] ERUK T2 T (BB R L A2 P, T THR S R WL 3R 5. AT LRI, Rife e K
HORE S 3 FERES 1 AIRESS 2 B9 T o 20 4R TF T 3.4 F1 11,7 °C , U B A0 A% KORE AR 4508 10 18 75 4 25 L
P E PRI FRIEALRE AN T (B PR R B L 35 36 R A5 B AR [R] A9 28538 L DI 45 SR = T 5 Y
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Influence of Aluminum Particle Size on Explosion Performance
and Thermal Stability of Thermobaric Explosive

WANG Mingye, HAN Zhiwei, L1 Xi, WANG Boliang

(School o f Chemical Engineering s Nanjing University of Science
and Technology s Nanjing 210094 ,China)

Abstract: In the present study we fabricated a thermobaric explosive with 3 kinds of aluminum powders
(40 nm,3 pm and 35 pm) to study the influence of the aluminum particle size on the explosive energy
output of the thermobaric explosive in a confined space. We measured its shock wave pressure histories
at 1.0 m,1.2 m and 1. 5 m of the explosion chamber, and obtained the overpressure and impulse
values by analyzing the curves. We also studied the thermal decomposition of thermobaric explosives
with different particle sizes of aluminum powder using the DSC. The results show that the aluminum
particle size has a great influence on the explosion energy of the thermobaric explosive in a confined
space,the overpressure of 27 sample with particle size of 3 um is at least 6. 0% and 10% higher than
17 and 3% sample at each distance,the thermal stability of the 3 samples reduces with the decrease of
the aluminum particle size,the biggest falling range of the activation energy is 31. 1% ,and the maximum
value of Ty, is reduced by 11.7 °C.

Keywords: aluminum particle size;thermobaric explosive;explosion;energy;thermal stability
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Table 1 JWL & HOM EOS parameters for calculating initial temperature of unreacted explosives

Explosive A/GPa B/GPa R, R, 1) cv/(p] kgt « KD
HMX 6969 —172.7 7.8 3.9 0.8578 25.05
TATB" 63207 —4.472 11.3 1.13 0.8938 24. 87
Explosive Fs Gs Hs Ky Js

HMX —9.042 —71.32 —125.2  —92.04 —22.19

TATB!™ —8.868  —79.74  —159.4  —135.4  —39.13
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Table 2 Parameters for Kim’s pore collapse model

) Frequency factor Activation Specific heat ¢,/ Density Shear yield
Explosive K,/Ms temperature T /K A0°m* « s« K o/(g+cm™®)  strength £/ MPa
HMXM" 50 26500 1.385 1.84 8.0
TATB™ 31.8 30140. 8 2. 005" 1. 80 12. 7020

) Chemical heat Thermal conductivity Viscosity Outer radius Inner radius
Explosive Q0 « s %) A Q0 "mes e K coefficient y/s " of pore r,/cm of pore r,/cm

HMX 5.439 8.0 3004 0.01 0.003 24
TATB 2.51 8.0 3001 0.01 0.00324
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Fig. 1 Calculated result of temperature rising Fig.2 Proportion of temperature rising due to chemical reaction
in the hot-spot formative process and plastic work in the hot-spot formative process
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Table 3 Calculated result of impulse pressure,temperature rising time

and corresponding initiation threshold

Pressure/ Time/  Initiation threshold/ Pressure/ Time/ Initiation threshold/

GPa ns (GPa* * ns) GPa ns (GPa* * ns)
25 2 5877 23508
20 11 4400 1 22 869 22 869
15 65 14625 0. 60 64980 23392
10 215 21500 0.55 78355 23702
9 277 22437 0.50 96911 24 277
8 362 23168 0.45 124914 25295
7 485 23765 0. 44 132530 25657
6 671 24156 0.43 141293 26125
) 974 24350 0.42 151635 26748
4 1522 24 336 0. 40 181031 28964
3 2674 24066 0. 38
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Shock Initiation Thresholds of Heterogeneous Explosives
with Elastic-Visco-Plastic Hot Spot Model
QIN Jincheng,PEI Hongbo, .1 Xinghan,ZHANG Xu,ZHAO Feng
(Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract; The initiation criterion of heterogeneous explosives is important for weapon design and safety
evaluation. In this paper,based on Kim’s elastic-visco-plastic “hot-spot” model, we numerically solved
a temperature rising model of a local hot-spot inside the explosive,and obtained the initiation thresholds for
TATB and HMX under different shock loading pressures. We quantitatively analyzed the influence of
explosives’ porosities on the shock initiation thresholds,and compared the calculated thresholds with
experimental results. We drew the following conclusions:under a pressure of 1-10 GPa,the calculated
initiation thresholds agree well with the one-dimensional shock initiation experimental results; the
corresponding initiation thresholds of the explosives are approximately constant; under a pressure
above 10 GPa,as the pressure rises gradually,the dominant shock initiation mechanism of the heterogeneous
explosives transforms from the uneven heating of the local hot spot,to the shock’s direct heating of
the bulk of the explosive. Furthermore, we also verified that, within a given pressure range, the initiation
threshold dropped as the explosives’ porosities increased.

Keywords: initiation criterion; hot spot model;elastic-visco-plastic; shock initiation
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5 S| 350 245 K SR FH 246 AR A L, A 7 1k 7 SR A0 | RE T AR T A A A R R A AR A B 4 L R FH 9 1
BB MAT_PLASTIC_KINEMATIC! ™™, SRR EBRRAH, FESmR 1~K 4 i, H
oo BT E B IR E v BN 2GRS oy BJE IR, Enan e VLA &, FAIL SR %L
Bt e I/ B A CEE XS BT BRD . C L P R AR RS, vp JEXEZY OV %, B A fL R4,

R1 KEAMBEBERE

Table 1 Constitutive equation of explosive materials

p/(kg °m 3 ) E/GP& v J\'/MP& ETAN/MPH FAIL IDEL C

1700 8.56 0. 25 209 231 0 0 0

R2 BHREMBERERSH

Table 2 Target material model and the parameters

o/ (kg m™") E/GPa v N
7850 200 0.3 0

R3 TRAEMBERRSY

Table 3 Booster explosive material model and the parameters

o/(kg+m *) E/GPa v oy /MPa Eran/MPa C P vp
1630 2.90 0. 25 190 210 0 0 0

R4 WAMHERERSH

Table 4 Fragment material model and the parameters

o/ (kg e m ) E/GPa v oy/GPa Eraxn/MPa B
19250 350 0.25 1.5 170 1

1.2 H&EIR

HRAE GIB 3857 — 99 3 24 2 & P iU 50 MU ) v 4 5 e v 1sF 1) S8 B DA B AT 0L T8 . B A R R
UK S B BE B AN AR O 3 me i AL L DIKSF 3 T R 18] R RN 8] RO R 45 4 FROR RS A
1 R 7E 2R b BB S R 3. 00 m(K) X0, 90 m( ) X 0. 61 m(JE) , K 2 iR,

I | === S

(a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4

P2 A DR 2 S o Bk v 1 T

Fig. 2 Fall test conditions of large warhead in cabin

1.3 MExsas

P TR0 R S R4S A 2 2R R ST R AR R SR T 4 S T A = 4 A% K] 43 6 B 2R I A AT AR 43 B i
BLNE 3 i, i Lagrange 5k . G S5 38-5 89 AR 122 fl 8 43 =22 B0 S AR R A0 B fioh B 9 L I X6 R SE S it
JneE gy,

&3 ARl 41
Fig. 3 Meshing condition
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Vi I 0 24 T 32 5 e R, TN Bl 4 T 00 ALAS R 1A 4 FTR
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Stress/MPa £ 250 & 288727
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(a) Stress cloud at typical time (b) Stress-time curve of the maximum stress element in the shell
25 T - 4
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£ 5 IRARCRIRL 25 I
0 R =] " | " 0 al Al ‘ . i M
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(c) Stress-time curve of the maximum stress element in the charge (d) Charge overload curve of large warhead in cabin

4 B T O RE T LR 2

Fig. 4 Typical numerical results under poor working conditions
F O T A T TBUR BRR R N SR K 3 2 1Y de K ) R gk A R o g RORE Ty I,
HY 2% 5 R0 A0 A A R o [ e RV I K 24 e A8 e K, S R S R 4 R R VR B A UK P
A ERIE I e R ) e KL AT RE S A I AR TEROK .
x5 BEABRHGETEER

Table 5 Fall test simulation results

Case Maximum stress of shell/ MPa Maximum stress of charge/ MPa Maximum charge overload/g
1 299.2 23.30 312.1
2 354.0 15. 84 237.4
3 602. 6 7.86 161.7
4 283.9 2.98 33.1

3 REEIER 7

3.1 K IEHIE

PG SR IRV B 7S A e LN M N S B2 B U 1= W N 3 o B W o D Y S B B W o2
TG 25 AT A IR 06 A A I R L R SRS EE B M T 3 m A RS T A R IR R AR
3.2 ZER9MWm

BAH A RS TSR WE 7~ 9w, WK 7 FE 8 o] LIFE . 7 i &R =1 356 8k 9 i 16 24 Fe K
73 B e Ko 3 o s T 1O ) R 3 BT > Tl 2 O] T 2 B %) > T 3OKFE %) > T
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Fig. 5 Test layout Fig. 6 Test result
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B 3 OKAFE %) = T80 2 N 1) F 38 kYR ) = T80 1R ) R 3 B = T 4 (45t Bk vg) L Hop
DL T8 3 7 20k I8 I AR A2 B A R S i K, R 602, 6 MPa, DL T80 4 J7 20 BRIS B9 S8/ s 283. 9 MPa,

s 251 Lo 3501 r
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Numerical Analysis of Falling Response of Large Warhead in Cabin
LI Guangjia'*,ZHOU Tao”*,CAO Yuwu®, LI Baohua®

(1. School of Mechanical Engineering s Nanjing University of Science and Technology »
Nanjing 210094 ,China;
2. Xi'an Modern Chemistry Research Institute  Xi'an 710065,China)

Abstract:In this study,we used the ANSYS/LS-DYNA software to simulate the fall test of the cabin

warhead in order to predict its safety performance,and obtained the structural stress deformation and

charge overload response of the combat simulation of the warhead in different states. The results show

that the stress and overload of the shell and the main charge are the smallest when the cabin warhead

is tilted at 45°,but the deformation of the shell is the most severe;and the stress of the shell is small

when the large part of the warhead is dropped vertically,but the stress and overload of the charge are

the largest,indicating the worst assessment posture. The actual fall test of the large warhead in cabin

is successfully passed,and the numerical simulation can provide theoretical support.

Keywords: ammunition safety;fall test;cabin warhead
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Fig. 4 Distribution of monitors and their measured temperature of test sample

vs. time without thermal protection coat
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Fig.5 Damage state of test sample
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Influence of Thermal Protection Coat on the

Reaction of Explosives in Projectile

WANG Hongbo' ,NIU Gongjie' .QIAN Lixin', WEI Xueting',
LU Yonggang',LU Zhonghua®,ZHANG Zhongli' ,ZHANG He?
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2. Institute o f Chemical Materials ,China Academy of Engineering Physics ,
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3. Inner-Mongolia Synthetic Chemical Research Institute , Hohhot 010010,China)

Abstract ; In this work,we researched the influence of a kind of thermal protection coat on the reaction

of explosives in projectile by fast cook-off test. Based on the comparison of the reaction state of the

test sample with and without the thermal protection coat,the results show that the thermal protection

coat had little influence on the test sample’s reaction intensity,and delayed the explosives’ ignition re-

action time by 32 min. The thermal protection coat can obviously win more time for the ammunition

succor in fire accidents. Furthermore, the protective effect of the thermal protection coat is related with

its own heat-conducting property and the airy space between the coat and the sample protected.

Keywords: explosive; thermal protection coat;cook-off test;reaction intensity
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