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Fig. 1 Schematic diagram of the experimental device
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Fig. 2 Schematic diagrams of sapphire flyer impact explosive
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Table 1 Material parameters of unreacted explosive

Exp. No. H/mm Poexp (up/down)/(g-cm™) mlg Uy /(kmes™) p,/GPa T,/°C
N1 2 1.894 491.99 1.37 10.03 12.5
N2 2 1.894 491.02 1.39 10.83 16.2
N3 5 1.894 490.94 1.40 11.07 15.0
N4 12 1.898/1.893 492.45 1.33 10.42 16.0
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Fig. 4 Relationships of particle velocity versus time (a) and depth versus time (b) in experiment N1
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Fig. 5 Relationships of particle velocity versus time (a) and depth versus time (b) in experiment N2
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Fig. 6 Relationships of particle velocity versus time (a) and depth versus time (b) in experiment N3
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Fig. 7 Relationships of particle velocity versus time (a) and depth versus time (b) in experiment N4
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Table2 TATB-2 experimental pulse width effect and other related parameters

o (Up/down)/ _
Exp. No. H/mm oo Eé'fm’3) ) Uypy/ (ks ") p/GPa Pulse-width/ps Xp/mm th/us
N1 2 1.894 1.37 10.03 0.327
N2 2 1.894 1.39 10.83 0.327
N3 5 1.894 1.40 11.07 0.842 9.76 2.05
N4 12 1.898/1.893 1.33 10.42 0.972 10.81 2.34
1.6 1.8
1.4 1.6
A W14
212 /
g
< 10 é 12
E o5 £ 10
e S 08
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2 g 00
504 5 04
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Fig. 8 Comparison of particle velocity with the same sapphire Fig. 9 Comparison of particle velocity with different flyer
flyer thickness (2 mm) and similar initial incident pressure thickness (2, 5, 12 mm) and similar initial incident pressure

Hi [ 8 Al I, SEEe N1, N2 (9 50 RO JREBES O 2 mm, 3% ) K S8 2002 I 18] 240 549 0.327 ps, )
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ko1 =u, — D, (11)
kos = D, (12)
kor = uy (13)
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#3 TATB-2 XRPHEHRKHIERSH

Table 3 Parameters about rarefaction wave of TATB-2 experiment

Position ~ _ _ _
Exp. No. o Poin 2 P 3 w/(km-s™"y  w/km-s')  D/km-s')  D,/(km-s")
NI (-2.00,0.18)  (0.44,039)  (3.02,0.62) 112 0.25 482 11.44
N2 (-2.00,0.18)  (0.46,0.39)  (3.07,0.62) 1.17 0.22 481 11.41
N3 (-5.00, 0.45) (1.13,0.98) (7.13, 1.51) 1.15 0.25 4.88 11.44
N4 (-12.00, 1.07)  (2.69,2.36)  (15.22,3.46) 127 0.18 5.14 11.37

M 3 R 10 AR AT L Y, X6 TR AR [R) oty "6 OR 4Rk R R KE 25 0 R 5256 N, N2, o
I 18] A 36 2 R R T ST B LA R B SE G N2. N3, N4 BB dEAT LB AT AR, i 4 &
Jam oA =SS TR e AR e 1 e il W D WL s v L 1 RN D B A R % b
FRiE b ebdi i, MEZiZ B e kA T I BRI .

071301-6



%394 IMIIREE : phi e h TATB RS BIRR 245 32 K FE 800 Y 52 ) 557
3.0 3.0
(a) N1, 2 mm sapphire (b) N2, 2 mm sapphire
251 2.5
20F 2.0
El 1.5F El 1.5
1.0+ 1.0
0.5F 0.5
0 0
12 10 12
3.0

4.5
251 4.0
20k 3.5
3.0
g 1.5F \zg_ 2.5
= =20

Lor 15f

0.5 - 10 I

0.5F

(U 0k

-6 -4 -2 0 2 4 6 8§ 10 12
x/mm
10 5288 N1~N4 - g e KR 2500 x-e 8]
Fig. 10 x-t diagrams of explosive impacted by flyer in Exp. N1-N4
4 4 iR

HHH KN 48 2 GOk S i A0 R, W BN 2 TATB-2 AT — 4 -1 i i 5256 i 2o W ok 1
TIN5 31 TATB-2 X 24588 i N SN AS TR 7 B 4 oo g S b3 8 5 e e /s B e 00 6, 22 ) o 0 24 i
T el IR A7 " B I 1) A2 A B4 - G ZR AR, I LA 73 A AN ] 552 56 1) 30 55 B 0 15 I ) 5 3l aod 9 S b1k
JE NS ol BOH R LT bl R 2 2 IR ST, SRAS IR A S T 7 5 R A R R T R, DA K
DR I TR 2% S 2 R 2, e A B LR A SRk SE RN X &R i i AL AR AR RS R B 251

ok G RS TATB-2 K 24 B4 i ol 2 A aod 2 A 2 S0 285 52 ), DK 9 2800 P ] A8, 7 A 7 1 5 ) Ik 221
S, TR 0 A g R 4R WA HE S, o A R L I ) e ek A T i o BE A K 9 SBOE I
[FI) 189 48 o, i L 95 b JS W7 99 94 P TR A, - 5 5 R 188 I 220 194 o 904 T R A vy, B 2 S SO I 10
JCIEIE L BN s WA A TR 18O, B2 5y o R 0 0 P, 22 B S 55 K 0 280 07 I [ 3 AR B 9 28
M

S22 3

[1] BURNS M J, GUSTAVSEN R L, BARTRAM B D. One-dimensional plate impact experiments on the cyclotetramethylene
tetranitramine (HMX) based explosive EDC32 [J]. Journal of Applied Physics, 2012, 112(6): 064910.

[2] WANG C, LIU X Q, NING J G. High resolution numerical simulation of shock-to-detonation transition of condensed-phase
explosives [J]. Materials Science Forum, 2013, 767: 40-45.

[3) BEHEZE, TAET, RN, 45 K24 TATB/RGZE G R Bk e ot A H B (ELI &2 [J]. 5286 J12%, 2010, 25(1): 41-46.
MO J J, WANG G J, WU G, et al. Measurement of the short-duration pulse shock initiation thresholds for TATB
explosive/adhesive [J]. Journal of Experimental Mechanics, 2010, 25(1): 41-46.

(4] EH:A, BFEE, SOR%E, 55, —Rh L TATB/HMX 3 (14 2 B R 45 KE 24 ) A Rk o e SR Ak (0], 438K 5 b, 2007,

071301-7


https://doi.org/10.1063/1.4752865
https://doi.org/10.4028/WWW.SCIENTIFIC.NET/MSF.767.40
https://doi.org/10.11883/1001-1455(2007)03-0230-06

4539 % VIS b R v T AT B 24 32 Ik 5638000 1 5 55 74

27(3): 230-235.
WANG G J, ZHAO T H, MO ] J, et al. Short-duration pulse shock initiation characteristics of a TATB/HMX-based polymer
bonded explosive [J]. Explosion and Shock Waves, 2007, 27(3): 230-235.

(5] H&FHL, SKIW, 32304, %6 FIFTHLREADTST HMX 55 TATB IR & Sl 24 1 vhili i Re b [3). @ P44, 2020, 34(3):
033403.

YANG S Q, ZHANG X, PENG W Y, et al. Impact initiation characteristics of TATB based insensitive explosives mixed with
HMX by electromagnetic velocity gauges [J]. Chinese Journal of High Pressure Physics, 2020, 34(3): 033403.

[6] BRI KIM, BXRE, 55 TATB JEHRAEZY TB-9014 ()il e H5 ST M KRR [7]. 4K 5 whifi, 2019, 39(4): 041405.
ZHANG Q M, ZHANG X, ZHAO K, et al. Law of reaction growth of shock initiation on the TATB based insensitive explosive
JB-9014 [J]. Explosion and Shock Waves, 2019, 39(4): 041405.

(7] 3KIH, WK E, TG R Y. IB9014 SRR 2y il e ek & (1], & TRAHEA4R, 2001, 15(4): 304-308.

ZHANG X, CHI J C, FENG M X. Hugoniot relation of JB9014 insensitive high explosive [J]. Chinese Journal of High Pressure
Physics, 2001, 15(4): 304-308.

(8] FELLYy, XU, 58, 45, FeT I mifE ek A9 IB-9014 24 Hugoniot J¢ R [J]. B44E S upds, 2019, 39(5): 052301.

PEI H B, LIU J M, ZHANG X, et al. Measurement of Hugoniot relation for unreacted JB-9014 explosive with reverse-impact
method [J]. Explosion and Shock Waves, 2019, 39(5): 052301.

(91 XURAA, BiHI, HELT ik, 2. TB-9014 HJEkEZG iy Hugoniot ¢ &R I [J]. B R HI~A4R, 2018, 32(3): 033202.

LIU J M, ZHANG X, PEI H B, et al. Measurement of Hugoniot relation for JB-9014 insensitive explosive [J]. Chinese Journal
of High Pressure Physics, 2018, 32(3): 033202.

[10] XIMRHA, 3KJH, #X B, 25, FH PVDF JE f1iH 55 RN TB-9014 S{if: 2514 Grimeisen Z4Y [1]. & B BE2E4R, 2018, 32(5):
051301.
LIU J M, ZHANG X, ZHAO K, et al. Using PVDF gauge to study Griineisen parameter of unreacted JB-9014 insensitive
explosive [J]. Chinese Journal of High Pressure Physics, 2018, 32(5): 051301.

The Influence of Pulse Width on the Shock Initiation Process
of TATB-Based Insensitive Explosives

SUN Yin’ao', YANG Shugqi', PENG Wenyang', ZHANG Xu', LI Shurui',
PEI Hongbo', FU Hua', YU Xin?, GU Yan'

(1. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China;
2. Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)

Abstract: The shock wave pulse width is one of the essential factors influencing the shock-to-detonation
transition in explosives. This study experimentally investigates the pulse width effect on the shock initiation
process of the insensitive explosive 1,3,5-triamino-2,4,6-trinitrobenzene (TATB). Shock initiation experiments
were conducted on TATB-2 explosives on the gun platform. The pulse width was controlled by varying the
thickness of shock flyers. Experimental data including shock wave velocity and particle velocity after wave
were recorded using the electromagnetic particle velocity meter and tracer meter. The relationships between
pulse width effect, the distance to detonation, and other parameters of TATB-2 explosives were calculated
and analyzed. The results demonstrate that pulse width effect significantly affects the detonation build-up
process, providing essential references for understanding the shock initiation characteristics of insensitive
explosives.

Keywords: pulse width effect; 1,3,5-triamino-2,4,6-trinitrobenzene-based explosives; shock initiation;

particle velocity after wave; shock wave velocity
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