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Damage mechanism of PBX explosives

based on three-dimensional meso-structure
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Abstract: In order to understand the influence of microstructure difference and thermal effect on the damage
of PBX, a three-dimensional meso model is established using Voronoi method. The damage mechanism of
PBX with different microstructure under thermal load is analyzed by considering the elasto-plastic
properties of particles, the elasto-viscoplastic properties of binder and the interfacial cohesion constitutive
relationship. The results show that the interface is not easy to be damaged when the temperature rises, but
the binder with small shrinkage hinders the shrinkage of particles when the temperature decreases,
resulting in the increase of the normal tensile stress between the interfaces, which is easy to cause interface
damage. Increasing the content of binder is beneficial to reducing the damage of interface during cooling.
When the binder content is similar, the more uniform the particle size is, the smaller the interfacial damage

is. Under the action of low pressure, the damage changes from normal stress to tangential stress, and the
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damage decreases. However, when the pressure is too high, new damage occurs at the interface.

Keywords: PBX; thermal mechanical coupling; interface damage; Voronoi method; 3D meso model
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Fig. 1 Geometric model of PBX with different distributions and morphologies
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Fig. 2 Micromorphology
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Table 1 Material parameters of TATB

o/ E/ os/ X/ Pk R B/ K c/
(kg'm*)  MPa a MPa  (W-m “K ) s “n “r (kg “KD)
1 940 8860 0.3 5 0.544 1.56 X107 2.07X107°  7.38X10°° 1170
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Table 2 Material Parameters of 2314

./ A C
o/ n %s / / A n m f

(kg'-m™*) MPa (Wem K™ (J kg “K™H

2 030 0.3 0.1 0.15 470 1X10°% 0.435 —0.58 0.82
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Fig. 5 Temperature dependence of Young’s modulus and thermal expansion rate of F2314
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Table 3 Parameters of crystals-binder interface

Ku/ Ko/ K/ T/ T2/ T3/ G/
(MPa*m ') (MParm ') (MPam ') MPa MPa MPa (J*m™ %)
10° 10° 10° 0.759 0.97 0.97 100
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Fig. 7 Interface state of PBX during heating
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Fig. 9 Normal stress distribution of PBX interface with different binder contents
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Fig. 12 Interface stress state under applied force during cooling
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