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Table 1 Parameters of 8701 explosive'
charge p/g-cm™  D/m-s P / GPa
8701 explosive 1.72 8425 29.66

Note: p is density. D is detonation velocity. p. is Chapman-Jouget pressure.

®2 AP R VUH LM HAR AR Mie-Graneisen IRE )y B2 247
Table 2 Mie-Griineisen EOS parameters of PMMA, PTFE and Aluminum plate!’"'?!

material p/g-cm™ G/GPa o,/ GPa C/m-s™! S S, S, Yo a E,/ GJ-m~?
PMMA 1.185 2.32 0.15 2240 2.09 -1.12 0 0.85 0 0
PTFE 2.16 0.70 0.05 1340 1.93 0 0.85 0.85 0 0
Al plate 2.75 27.1 0.265 5350 1.34 0 0 1.97 1.0 0

Note: G is shear modulus.v is Poisson’s ratio. o is yield stress. C is the intercept of the curve. S,, S,, S, are the coefficients of the slope of the curve. y, is Gruneisen

gamma.a is the first order volume correction to vy,. E; is initial internal energy.

F3 i Johnson-Cook B A5 Y 2 4121

Table 3 Parameters of Johnson-Cook material model for Alu-

R5 JO-8HEZFK S

Table 5 Parameters for JO-8 explosive'”

minum plate!'>™"*] o E v a o, E,
E/GPa v A/ GPa B/ GPa n /g-cm™ / GPa /K™ / MPa / MPa
72 0.33 0.265 0.426 0.34 1.830 1.38 0.40 49107 10 116
C m Toe/K T oom/K &/ s k c, A E, Q

0.015 1.0 933 303 1.0 [W-m™-K™ /)-kg KT /T /J-mol™ /J-kg™!

Note: Eis Young’s modulus. v is Poisson’s ratio. A and B are material con-

stants. n, m and C are material constants. T,

melt

is melt tem perature.

T.om is room temperature. £, is quasi-static threshold strain rate.

room

Ra AT RS

Table 4 Parameters for 45" steel'?

steel p E v o k c

y
plate /g-cm™ /GPa /MPa  /W-m™-K™" /J-kg™"-K™"

45% 7.85 210  0.32 355 48.1 468.2

Note: p is density. E is Young's modulus. v is Poisson’s ratio. o is yield

stress. k is thermal conductivity. c is heat capacity.
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0.36 1010 5.9%10™ 1.68%X10° 2.284%10°

Note: p is density. E is Young's modulus.v is Poisson’s ratio. a is the coeffi-
cient of thermal expansion. £, is hardening modulus. A is frequency

factor. E, is activation energy. Q is reaction heat.
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Table 6 Parameters for tungsten!”

) E v o, k c
material
/g-cm™ /GPa /GPa  /W-m™-K" /J-kg'-K™
tungsten  19.30 360 0.22 15.6 168.4 133.8

Note: p is density. E is Young's modulus. v is Poisson’s ratio. o is yield

stress. k is thermal conductivity. c is heat capacity.

3.3.2 HEHER

47 3.2 A RS B EE S d3dump 01
MK 8B, i e\mR A, R TR
PRS2 vh il P R I R 2 R A Bl R &4k
SR N A I S S . 9 g T S A 2 A
WA RIS, K 9ard 61.1 ws i 2% 24 i
R 498 K, B 9bH, 71,1 s I 2 25 0 i — oo,
B2 K K
4.980e+02 K
4.785e+02]
4.590e+02
4.395e+02 _
4.200e+02 _
4.005e+02 |
3.810e+02}:
3.615e+02 _
3.420e+02

3.225e+02
3.030e+02

a. t=61.1 ps

3.000e+03 K
2.730e+03 ]
2.461e+03
2.191e+03 _
1.921e+03 _
1.652¢+03
1.382¢+03 :[’J
1.112¢+03 _
8.424e+02

5.727e+02
3.030e+02

b. =71.1 ps
B9 Stk 7R i T AR T2 A

Fig.9 Contours of temperature rise of pre-damaged charge

under fragment impact
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Numerical Simulation on Damaged Charge Ignition by Fragment Impact

SUN Bao-ping'*, DUAN Zhuo-ping’; LIU Yan’, Pl Ai-guo’, HUANG Feng-lei’

(1. School of Safety and Environmental Engineering, Capital University of Economics and Business, Beijing 100070, China; 2. Beijing Key Laboratory of
Megaregions Sustainable Development Modeling , Capital University of Economics and Business, Betjing 100070, China; 3. State Key Laboratory of Explosion
Science and Technology , Beijing Institute of Technology, Beijing 100081, China)

Abstract: To study the ignition mechanism of charge under the combined action of shock wave and fragment impact, the critical
impact velocity of fragment corresponding to the ignition of impacted charge obtained by the experimental method of first com-
pacting charge by shock wave and then impacting damaged charge by fragment was 446.9-449.4 m-s™'. LS-DYNA program was
used to numerically simulate the shock wave damage of charge based on the nodal constraint-separation method. Then, second-
ary simulation to the ignition reaction process of impact damaged charge under fragment impact was performed by full restart
method. The critical impact velocity of fragment corresponding to the ignition of impact damaged charge obtained by “up-down”
method is from 452 m+s™' to 453 m-s™',

nodal constraint-separation method and the full restart numerical simulation technology can be used to simulate the ignition of

the experimental and numerical results are in good agreement. Results show that the

charge under the combined action of shock wave and fragments, the critical velocity of fragments impact ignition of charge dam-
aged by shock wave is lower than that of non-damaged charge, and the damaged state of charge sensitizes the impact sensitivity
of fragments. This reduces the critical velocity of fragment impact ignition.

Key words: shock wave;fragment;ignition;numerical simulation;nodal constraint-separation method;full restart method
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