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2. Air domain

3. Covered plate
4. Acceptor charge
5. Witness plate
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covered charge explosive detonation
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Table 1 Parameters for donor charge and shell model""
Material p/(grem®)  D/(m-s™) po/GPa  4/GPa  B/GPa R, R, ® E/(10° J-m?)
TNT 1.60 6812 18.56 370 3.23 4.15 0.95 0.3 7
Material ~ py/(gem™) G/GPa A,/GPa  B/GPa C, n m T,/K T/K
45 steel 7.85 82.3 0.507 0.320 0.280 0.064 1.06 1765 298
Q235 steel 7.83 80.0 0.235 0.250 0.022 1.000 0.36 1793 294

1l 5 25 25 R 5 K 3 K R N AR AR 2 R AT D R A2 s K 2 9 B R R R R, AR TE
da _ I(1 —/l)”(ﬁ -1 —a)x +G (1= DAp +Go(1 = ) A5 p° ()
dr Po

Ao A BN, BIVEL S M 2 5 0 24 B 0 U AL, B AR U 2% 5 A v s o1 35 e 24 1k 24 BE I R

I.G,.Gy a.b.c.d, e g x.y Mz RS E, BAARBUEINE 2 i, (2)XESHMEE 1 BRI
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Table 2 Ignition and growth reactive flow model parameters for TNT'"!

s G,/(Pa?s™) G,/(Pa?s™) a b ¢ d e g x ¥ z
8x10® 4.20x107% 2.60x107% 0.111 0.667 0.667 0.667 0.333 1 6 3 3
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Fig.2 Photo of shock initiation of covered charge
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Fig. 3 High speed camera photos of experimental setup with Fig. 4 High speed camera photos of experimental setup with
10 mm PPR sleeve at different time 15 mm PPR sleeve at different time
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5 PRk XA A 2 1Y WA AR 2 T

6 ARl KE IR0 5 B A e 25 1 W AUE AR AR TP

Fig. 6 Deformation of the witness plates under the acceptor with non-contact explosion
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Table 3 Results of shock initiation of covered charge

Explosion type Test No. d/mm h/mm Explosion situation of acceptor charge Pit depth/mm
1 20 Exploded 4.22
Contact explosion 2 26 Unexploded 0
3 23 Unexploded 0
4 3 10 Exploded 4.20
5 3 19 Unexploded 0
Non-contact explosion
6 3 15 Unexploded 0
7 3 12 Part of the explosion 2.20

3 Sth5ite

31 FEERMBHM

R T S TEBUE AL A R, X I AR ORI SRR B L DI AR AR T 15 B0 A 56 5 SR
A ILGE AT X e, N 4 FraR o AT L, FERE AR K IR0, e TINT I S A A 1 S5 i B J2 B 7
20~23 mm Z [H], fj ELiHE L5 R 24.0 mm, BUEBLEE S 51000 45 R 0 AR R 25 AN T 16.7%. 4B
WA R FH 3 mm JEEAY 45 BB, 76 A1 3 kg K7 F R 2 TNT SR04 8 Al 00 45 SR AE 12~ 15 mm 2 ],
BT SE o 13.0 mm, ARHR 22 AT 15.4%. BUEH A 45 R 55045 R RA —5
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Table 4 Test and simulation results of shock initiation of covered charge

Test results Simulation results
Explosion type
d/mm Explosion situation d/mm Explosion situation
20 Exploded 24.0 Exploded
Contact explosion
23 Unexploded 24.5 Unexploded
Test results Simulation results
Explosion type
h/mm Explosion situation h/mm Explosion situation
12 Partial explosion 13.0 Exploded
Non-contact explosion
15 Unexploded 13.5 Unexploded
Bl 7 578 T h=10 mm B 8 K %€ 245 43 4F I BL
R WUEAR AR TR O o B R R 2 R HE I L 2
(EITF A2 Q235 4 WLAEAR U KT A 3.80 mm,
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BAE N 40.0 mm . EUEALBIEE R 5 L 45 R A AR
YR ZEAN T 9.52%, —H A,
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H 0 D 191 93 A B A 2 24 1 8 S BRI e R R AR A (a) Top view (b) Cross section
oA B8 S AUE AT B 1) h=13.0 mm I KEZY 7 BORBEIRIE IR WAL TE i BB A I 45 R

ANEIRZI A K, B K 8 Al L. =8 us mf, E& Fig. 7 Numerical simulation results of witness plate deformation
S 24 7 A 1 o e M e A B e 2 K2 B SR =11 ps B, Bl R B 2R M, R DR b e R AL

16 ps LUJA, KE2 58 4 42, WAEARCA B R A Mt 9 BoR T h=13.5 mm I 257 [ i 220 14 22 JE 1§

Dl HIE O AT UL =12 ps I, whife i B AR e 25— Beinh a], (EE il T obaly B e T3 8/0N, IR 5 1 43

RAEL, il Akl Fa) T ALHE; 2 =16 ps LUR, whifi PN E S5 I Y, $R R 251 AR R 1, R

& W TR W KRN 5 O T 4 A T —E WSS, HOULTE ARt R Hh B AT A2 4k

Pressure/GPa Pressure/GPa Pressure/GPa Pressure/GPa Pressure/GPa
12.1 4.895 13.86 3237 16.43
11.6 4728 1337 3123 15.61
112 4.501 12.89 30.08 14.80
10.88 4.395 12.40 13.98

28.94
10.47- 4.228 11.91- 13.17
27.80
10.07 4.061- 11,42 12.35
.07 : . 26.66
9,66~ 3.893- 10:93- 2552~ 11.54
o 3.728- i 2] 10.72=
925 31837 10.44 2438 091-
8.85- 33042 9,95~ 2324~ 000~
8.44— 37398 947 22.10- A
8.04~ 3061 8.98- 20.95 746
7.63 2'804 8.49— 19.81 6.64
7.23 2728 8.00— 18.67 5.83
6.82 3561 7.51 17.53 501
6.42 2.394 7.02 16.39 120
(a) =1 ps (b) =8 us (c) =11 ps (d) =12 ps (e) =16 pus

P8 13.0 mm B B K25 [ i 220 i 28 JE

Fig. 8 Calculated pressure contours at various time for the configuration with 13 mm separation

B0 A 11 2R k205000 13.0 F113.5 mm W Bl & 5 24 00 4 22 i K o 7 s R o 7, 1R v
A~K NP R BEGRARTFEALE . X 10 F1E 11 & B h=13.0 mm B, % 2% 24 3¢ i B 22 o o D
iKE 2.1 GPa J&, ¥EZ5HF i )L, Fi 1 Bk 11 T 5, fe s R 135 81 9.8 GPa Ze A s Wl 48 55 i LG, 7 BE B 4
2y R 22 mm &b, e KR F13K 5] 18 GPa, J7E LG M IE B F AR R RS, BB BRIRE . X
h=13.5 mm B, Bl & 2% 245 76 % B WAL K 10 1.8 GPa i wh i P/ FH I, 2R % AR AT ART B 02, A6 00 i) 004l 1)
B L [RIVE IR, Bl AR R VR BE 3G I, 0 8 M S U, R e IR A o
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Fig. 9 Calculated pressure contours at various times for the configuration with 13.5 mm separation
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Experimental and Numerical Study of Shock Initiation of
Covered TNT by Near-Field Shock Wave

CHEN Xingwang', WANG Jinxiang', TANG Kui', CHEN Riming?, ZHOU Lian?, HAO Chunjie’

(1. National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China;
2. China North Vehicle Research Institute, Beijing 100072, China;
3. Jinxi Industries Group Co. Ltd., Taiyuan 030027, China)

Abstract: In this study we analyzed the shock initiation process of covered TNT using experiments and
LS-DYNA3D to study the damage effect of the near-field strong shock wave on the covered charge. We
obtained the critical thickness of the covered plate for detonating TNT during contact explosion and the
sympathetic detonation distance of the covered TNT during non-contact explosion and the relation between
the covered plate thickness and the distance of the explosion using the non-linear least square method. The
results show that the numerical simulation results accord well with the experimental results. The sympathetic
detonation distance of the covered-pressed TNT in non-contact explosion ranges from 12-15 mm when the
thickness of the 45 steel covered plate is 3 mm. The critical thickness of the covered plate is between 20 and
23 mm for the pressed TNT ignited by contact explosion. The sympathetic detonation distance of the non-
contact explosion decreases as the covered plate thickness increases. Without a covered plate, the
sympathetic detonation distance is 79 mm. When the thickness of the covered plate increases from 1 mm to
5 mm, the sympathetic detonation distance reduces from 51 mm to 1.5 mm. The thickness of the covered
plate is of great importance for the protection against shock waves.

Keywords: covered charge; shock initiation; near-field shock wave; sympathetic detonation distance
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