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Fig.1 Arrangement of jet impact initiation test
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Fig.2 Test results of 30 mm cover plate
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Fig.3 Burn process of of explosive with 20 mm cover plate
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a. 40 ps b.

400 ps
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c. 500 ps

oy
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Fig.5 Detonation process of explosives with 15 mm cover

plate

R OR[E ZEAE BT A 5 30 T A Sk 38 3 2 R o) 7 175 5
Table 1

under different cover plate thickness

Tip velocity of residual jet and explosive response

8/ mm vi/ m-s™ response
30 3350 no reaction
20 3940 burn

17.4 4140 deflagration
15 4320 detonation

Note: & is thickness of cover plate, v is tip velocity of residual jet.

40 1800
o —o—Stimulus Intensity [ 4500
ES — = — Expansion Velocity 2
“c 351 -14005
E F1200 =
=z +1000 2
5 301 (800 =
< [600 2
2 259 L400 &
= N -SOO w
20 — . . . [
Detonation  Deflagration Burn No Reaction

B 6 158 A [ i R XoF T A ] 58 B2 RS T 5 ) A 24 AR
Ji g o 2
Fig.6 The stimulus intensity and the expansion velocity of re-

action products corresponding to different responses in the test
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3 HETEHE

3.1 HMEBRIMMABSHE

K AUTODYN A BRICHE ¥ N7 1S A, 220 W o 4
1Y RE I, SR B0 FREC AL, FLA7 Oy em-g-ps. KRB 2
B S5 A A B SR — 8, R SR T E
AAE 7 FR .

U5 B K2 28 AR 24 B B R A 5 SR RR B AR
MR FHRLA% B H S0k R I [ G AR R AT BUE
Bl 24 7 BEbERL SR S8 4, R 2 h MR 255 JH-2
YEZ5 b7 Je Je , w AR OEE R 50SiMn VB, 8 Kk KE 2
g TNT. 24 %55 R1 36 M A kH A A SR A JOHN-
SON-COOK # %I #1 EOS-GRUNEISEN IR 25 7 #2 ¥ 47

®2 BB RS

Table 2 Material parameters of liner and cover plate

R0 2 B R0 JH-2 M2 Sl 2R P fE M 2 4R
ERHIAW LIRS B, 02 3 R,

TNT 2R ] =30 20 A8 k3G KR B LEE-TARVER F
JWLARZS Jy B R 74 Nk 4 iR o

S MIE RS HOCkR H AUTODYN #0441 L
BENE S

B 7 S o R R O R R

Fig.7 Simulation calculation model of jet impact initiation

material p/g-cm™ E/GPa v A/ MPa B/ MPa n c m T/ K T./K
copper 8.93 138 0.35 120 200 0.15 0.04 0.55 1360 293
50SiMnVB 7.86 209 0.22 1047 262 0.028 0.018 0.63 1450 294

Note: p is density, Eis elastic modulus, v is Poisson’s ratio, A is yield stress, B is hardening constant, nis hardening exponent, C is strain rate constant, m is ther-

mal softening exponent, T, is melting temperature, T, is room temperature.

R3 JH2MEHH C) SEEIWLRE TS
Table 3

ters of JH-2 explosive

C-J parameters and JWL equation of state parame-

p/g-cm™ D/m-s”' p./GPa A/GPa B/GPa R, R, o

1.71 8325 30.4 524.23 7.68 4.20 1.1 0.34

Note: p is density, D is detonation wave velocity, p, is detonation pressure,

A.B.R,.R, and w are parameters in JWL equation.

F*4 INTIHLSH
Table 4 parameters of TNT

I b X a G, c
50 0.667 4 0 360 1.0
d y G, e g z
0.667 1.2 100 1.0 0.111 1.0
A/GPa B/GPa R, R, ®
unreacted JWL
17101 —3.745 9.8 0.98 0.5675
A/GPa B/GPa R, R, w
product JWL
3394.889 63.7085 8.3 2.8 0.6

Note: I, b, x, a, G,, ¢, d, y, G,, e, gand z are parameters in Lee-Tarver

model, A.B.R,.R, and w are parameters in JWL equation.

3.2 HEFRESGR
15 B A5 B A B i Sk 3B o 5795 m-sT', B EB
TSR 1497 m-s™, WIE 8 Fis .
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ABS.VEL / cm-pis”
5.795e-01

5.258e-01
4.720e-01
4.183e-01
3.646e-01
3.108e-01
2.571e-01
2.034e-01
1.497e-01
9.596e-02
4.223e-02

B8 i FLAT B Y 5 R o AT
Fig.8 Distribution of jet velocity

K9~ 11 9 TNT KE 258 B2 43 mm, 385 AR
15,17.4 mm 120 mm B 76 5] B 20 06 25 936 e T =
K. MWE 9an LIFE 2,78 28 ws, 25 il oo il 23k K 24
JPC T, B % R TE R ) 12.8 GPa, Ik TNT (19 C)
FE 7o 2525 o a0 36 HE 24 IS TR BN, P TR R I 1Y
YA, 25 il o ok O o 0a, R A ) A% 1) A 9%, W 9b BT
IR0 B S SCNKE 24 I T ] KE 24 9 IR0 A% 8 R T
16 32.5 ps I35 5] 19 GPa, i &5 78 125 I, W
Kl 9c.

M 10RT LLAES], 35N 17.4 mm B, 7E 29.5 ps
B 3K i T Y 25l v i kR ) 8.5 GPa, 5 15 mm
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Fig.9 Pressure distribution in explosive at different times with
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Fig.10 Pressure distribution in explosive at different times with 17.4 mm thick cover plate
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pressure / Mbar
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Pressure distribution in explosive at different times with 20 mm thick cover plate
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335201 3172601
2933601 277501
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Fig.12 Simulation results of jet penetrating different cover plates
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Table 5 Comparison of tip velocity of residual jet between

theory and simulation

theory simulation

§/ mm error/%
v/ m-s! v/ m-s!

0 5887 5795 1.6

15 4320 4190 3

17.4 4140 3965 4.2

20 3940 3896 1.1

30 3350 3247 3.1

Note: & is thickness of cover plate, v, is tip velocity of residual jet.

ABS.VEL/ cm-us’ ABS.VEL / cm-us’
896e-01 3247001
3.506e-01 2.922¢-01 I

3.116e-01 2.5986-01
2727e-01 2.273e-01
2.337e-01 1.948e-01
1.9486-01 1.623e-01
1558¢-01 1.299e-01
1.169e-01 9.741e-02
7.791e-02 l 6.494¢-02
3.8966-02 3.247e-02
0.000e+00 0.000e+00
c. 20 mm d. 30 mm

BE. 15 mm,17.4 mm F1 20 mm 354 T #5425 4 30
G AUl T 2B ELEERARS, 2 15 mm AYIE R
YE 25 Th A AR R R SR

R 6 SN YIIK EAR 1 m ISR Y BRI 2 SR X L
Fig.6 Comparison of simulation and experimental results on

the expansion velocity of reaction products at 1 m

test simulation
8/ mm response error/%
v,/ mesT" v, /mes
15 detonation 1600 1552 3
17.4 deflagration 610 567 7
20 burn 76 84 10.5

Note: & is thickness of cover plate, v, is expansion velocity of product.

Chick 5% FH B 42 38 mm 1Y B B8 5% 24 K il 56 v o
A MR B 1.52 g-em 7 B9 TNT, 386 v o v o 2 £ 2
2y TNT KE 25 5 55 A8 i, 3 5960 19 21 i A 5 0 k&
T3 B R 4100 m-s™', Chick i 5% J 19 5% e % 25 it I
B SR AE 2~4 £ 25 25 AR R BAR A 1.5 mm, AT AT
PR E TNT B I S 8 B R 25 mm’eps?. 5
Chick 75 1] Ifi 7 3 48 5 {5 AH LL L A% 328 56 A 45 30 09 1ifs 22
AR AE N 37 mm®- ws™, 38 Chick A B 7 T 48%,
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ABS.VEL/ cm-ps’ ABS.VEL/ cm-ps’
2.5626-01 6.3026-02
2306601 5756602
204901 5121002 |
1.793e-0 4485002 ) '
153760 3850e-021 "

1.281e-01 3214e-02

1.0256-01 2.579-02
7.685¢-02 1.943¢-02
5.124e-02 130702
2.5626-02 6.718e-03 |

0.000e+00 3.625e-04

a. detonation

B 13 {5 BT SN 4 1) R K R s

" * lh ‘ £ 3437602

b. deflagration

ARG A 45 e el 4 A R S S D O A R AR O
32 B BRG], S BT R AR R E A S, X 5 07 R A R
oy M4 R AR A

ABS.VEL/cm-us’
3.818e-02]

3.056e-02
4 2.675e-02
2.294e-02—
1913e-02 !
1.532e-02
1.151e-02 !
7.696e-03

3.886e-03
7.517e-05

¢. burn

Fig.13 Expansion velocity distribution of reaction products by simulation
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velocity / mm-ps
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14 (5 EAT B A2 e e Dl o A R ) R L 7 Al

it £k

Fig.14 Curves of velocity of bow shock and penetration ve-

locity with position by simulation
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Table7 Simulation results of TNT initiation threshold with
different thickness

L/ mm 5/ mm v,/ mm-ps™! K/ mm?-us™?
29 10 4.7 44.2

35 12.5 4.5 40.5

39 15 4.4 38.7

46 17.4 4.2 35.3

54 20 4.0 32

58 21 3.9 30.4

Note: L is thickness of explosive, & is thickness of cover plate, v_, is expan-

sion velocity of product, Kis initiation threshold.
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Fig.15 Fitting curve, simulation and experimental results of

critical initiation threshold with different explosive thickness
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Fig.16 Theoretical calculation, simulation and experimental
results of critical cover plate thickness with different explo-

sive thickness
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Simulation and Experimental Study of Jet Impact on Covered Finite-thickness Explosive

CHEN Si-min', HUANG Zheng-xiang', JIA Xin', XIA Ming>, WANG Jian-hui’*, XIAO Qiang-qiang', TANG De-rong'
(1. School of Mechanical Engineering s Nanjing University of Science and Technology, Nanjing 210094, China: 2. Research Institute for National Defense
Engineering of Academy of Military Sciences , Luoyang 471023, China)

Abstract: To study the initiation process under jet impact and obtain the critical initiation threshold of explosives with different
thicknesses, experiments of jet formation with @40 mm shaped charge were performed and captured by the high-speed video.
The 43-mm thick TNT explosives were covered by 50SiMnVB cover plates with different thicknesses in experiments. The critical
initiation threshold, the response under different stimulus intensities and the expansion velocity of reaction products were ob-
tained. The numerical simulation of finite-thickness explosive under jet impact was carried out by using numerical simulation soft-
ware. The propagation process of bow wave in explosive under jet impact and the relationship between critical initiation thresh-
old and the thickness of finite-thickness explosive were analysed. The simulation results were compared and verified by the exper-
imental data. The results show that the critical initiation threshold of TNT with a thickness of 43 mm is 37 mm’- us™?, and the ex-
pansion rate of reaction products varies by at least one order of magnitude between different responses. When the jet impacts on
a finite-thickness explosive, a certain distance is required for a bow shock wave evolving into a detonation wave. The higher the
tip velocity of the residual jet is, the shorter the distance is required for the evolution of bow shock wave to detonation wave.
Therefore, the decrease of explosive thickness will lead to the increase of critical initiation threshold of finite-thickness explo-
sive, and the logarithm of critical initiation threshold is approximately linear with the logarithm of explosive thickness.

Key words: jet impact;finite-thickness explosive;bow shock;critical initiation threshold
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