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Fig.3 T emperature distribution of HMX crystal in the z- plane
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Fig.4 Velocity field of the explosive upon the shock wave reaching the free surface
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Fig. 5 Temperature distribution of explosive after the cllapse of a spherical void

2.3.2 = HARIUREI35 48

, 6~ 7 3 , x



135

2/mm

(a) Side length of 0.08 mm
4 —

H. Takahiro' "

2/mm

i
i il
,171,/,57, r, r,y, I !,’r,

i '!’1 K

\ E
0.1 ,*’r%
Im’x ol \’!“\ | ,Y,l
AN '/nw‘h}w
0 1 1
0 0.1 0.2 0.3 0.4
y/mm
6

(b) Side length of 0.12 mm
4 x

"'96&09«

.nnlt

A
"\Hln,t'l’ 'V’

\

,.':fl’lllrnun ' ‘“”“' T 4y

I|||'|v AP I
4&\ &‘g ‘,'/,W}ooc’r,'r."\ f‘\'\\\\\ i }
5‘1851:1 sll’!'!”!'v'l'y\'\'v““\ It

1 1 1
0 0 0.1 0.2 0.3

y/mm

Fig.6 Velocity field of the explosive upon the shock wave reaching the free surface

(a) Side length of 0.08 mm

0.2
y/mm

0 01 0.3

7

(b) Side length of 0.12 mm

___IENNNNENNEEES |

0 0.1 0.2

y/mm

0.3 0.4

Fig. 7 Temperature distribution of explosive after the wllapse of a cubic void

2.3.3 2AF3LR a9 rb AR

[2]

T/K

[T w—r—

DNOWE S UIUION ~I~10000\ OO OO ——DNo
OUIOUNOUIOUNOUIOUIOUIOUIOUI—
WOOOOOOOOOOOOOOOOOO



136 30
L2r —=— Cubic void, L:().O‘S mm —*= Cubic void, L=0.08 mm
—e— Cubic void, L=0.12 mm 700F —*— Cubic void, L=0.12 mm
—a— Spherical void, D=0.08 mm —4— Spherical void, D=0.08 mm v
L.of N\ —v— Spherical void, D=0.08 mm [ —v— Spherical void, D=0.08 mm “
e 600} s
il e, » S
E 0.6} N \.\'\ £ so0f V% 7 "
< “Q.@A : S
0.4} RN \.\\. 200 F /A%
0.2} i 300f s o aset=t""
035740 60 80 100 120 140 T60 020 40 60 80 100 120 140 160
t/ns t/ns
8 z 9
Fig.8 Average = velocity evolution Fig. 9 Average temperature evolution of the explosive
on the lower wall of the void around the void
3
3 PBX HMX
, PBX , HMX
, HMX ,
>
) 2 )

[1] , . (M]. ,1991: 89 128.

[2] , . [M]. : , 1995:327F 341.

[3] . . : [(M]. ,2000: 430 433.

[4] Menikoff R, Kober E. Com paction waves in granular HM X[ C]/l Furnish M D, Chhabildas L. C, Hixson R S. Pro
ceedings of the APS Topical Conference on Shock Compression of Condensed Matter. Snow bird, CO, 1999.

[5] Menikoff R. Pore collapse and hot spots in HMX[ C]/l Proceedings of the Conference of the American Physical So-
ciety T opical Group on Shock Compression of Condensed M atter. Portland, Oregon, United States: AIP Press,
2004, 706: 393 396.

[6] Reaugh JE. M ultt scale computer simulations to study the reaction zone of solid explosives[ C] I Proceedings of the
13th International Detonation Symposium. Norfolk, VA, United States, 2006.

[7] Baer M R. Modeling heterogeneous energetic materials at the mesoscale[ J] . T hermochimica Acta, 2002,384:351-
367.

[8 Baer M R, Kipp M E, Van Swol F. Micromechanical modeling of heterogeneous energetic materials[ C] I Proceed
ings of the 11th International Detonation Symposium. Snowmass, CO, United States, 1998:788 797.

[9] Xu A G, Pan X F, Zhang G C. M ateriat point simulation of cavity collapse under shock[ J]. Journal of Physics:

Condensed Matter, 2007,19: F 11.



3 137

[ 10]

[11]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

Cundall P A. A computer model for simulating progressive, large scale movements in blocky rock systems[ C] [l
Proceedings of ISRM Symposium on Rock Fracture. Nancy, 1971: 11- 18.

, . [J]. ,2003, 33(4) : 483 490.
LIU Karxin, GAO Ling tian. A review on the discrete element method[J]. Advances in M echanics, 2003, 33(4):
483 490.
Tang Z P, Horie Y, Psakhic S G. Discrete meso element modeling of shock processes in porous materials: T heory
and model calculations[ R]. T echnical Report, North Carolina State University, 1995.

. [J]. :E . 2003,33(11):989% 998.
T ANG Zht ping. 3D discrete element method and its application in impact dynamics[ J]. Science in China: E,
2003, 33(11):989 998.
Conley P A, Benson D J. Microstructural effects in shock initiation[ C] I Proceedings of the 11th International
Detonation Symposium. Snowmass, CO, U nited States, 1998:768 780.
M enikoff R, Sewell T D. Constituent properties of HM X needed for mesoscale simulations| J]. Combustion Theo
ry and M odeling, 2002, 6:103 125.

Voronoi [J]. , 2006, 15(1): t4.

LIU Xue na. Implementation of Voronoi diagram algorithms for 3D point set| J]. Computer Aided Engineering,
2006, 15(1): - 4.
Takahiro H. Spatiot em poral behavior of void collapse in shocked solids[J]. Physical Review Letters, 2004, 92(1):
015503 I- 4.

Three dimensional discrete element simulation of hot spots
in explosives under shock loading’

SHANG Harlin, ZHAO Feng, WANG Werr qiang, FU Hua

(National K ey Laboratory of Shock Wave and Detonation Physics, Instituteof Fluid Physics,

China A cademy of Engineering Physics, Mianyang 621900, Sichuan, China)

Abstract: M esoscale responses of heterogeneous explosives under shock loading were investigated by

using a three dimensional discrete element method. Numerical simulations without chemical reaction

were conducted to explore the hot spot mechanisms in plastic bonded explosives and explosives contar

ning voids of different shape and different size. The simulation results indicate that for shocked PBX

explosives hot spots mostly locate near the interface between HMX crystals and binder, the tempera-

ture rise of HM X crystals is lower than that of the binder, and the surrounding parts of HM X crystals

have higher temperature rise than the inner parts. For explosives containing a void, temperature of

hot spot induced by the collapse of a big void is higher than that induced by the collapse of a small

void, and temperature of hot spot induced by the collapse of a spherical void is higher than that in-

duced by the collapse of a cubic void.

Key words: mechanics of explosion; hot spot; discrete element method; heterogeneous explosive;

shock loading
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