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Table 1 The elastic properties of ingredients
ingredient E/MPa v
matrix: Estane 0.77 0.499
particles; HMX 2.5325x10* 0.25

Note: E is the Young’s modulus, » is the Poisson’s ratio.
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b. Voronoi image

Digital image under ultrasonic and Voronoi model for PBX
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Table 2 Finite element results of different particle distribu-

tions
model c/% v E/MPa K/MPa G/MPa
circle_r 49.22 0.4966 5.29 260.71 1.77
circle_1 49.00 0.4964 5.38 249.91 1.80
circle_2 49.00 0.4980 3.04 254.43 1.01
circle_1 64.00 0.4908 19.50 351.86 6.54
circle_2 64.00 0.4966 7.53 370.81 2.51

Note: v is the Poisson’s ratio; E is the Young’s modulus; K is the bulk modu-

lus; G is the shear modulus; c is content.
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Table 3 Finite element results of different particle shapes

model c/% E/MPa K/MPa G/MPa

circle_2 49.00
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circle_2 72.25
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Table 4 Finite element results of Voronoi models with differ-

ent particle contents

c/% v E/MPa K/MPa G/MPa
49.00 0.4967 5.12 258.88 1.71
64.00 0.4927 15.51 352.42 5.20
72.25 0.4866 36.66 454.87 12.33
81.00 0.4789 84.24 664.13 28.48
90.25 0.4341 483.43 1222.28 168.55
94.90 0.3940 1410.84 2217.03 506.06
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Predicting the Effective Elastic Modulus of PBX Based on Voronoi Meso-scale Numerical Model

WANG lJing-cheng, LUO Jing-run
(Institute of Systems Engineering, CAEP, Mianyang 621999, China)

Abstract: To investigate the influence of meso-structure of polymer bonded explosive (PBX) on the effective elastic modulus of
PBX, several meso-scale numerical models were analyzed and compared by finite element method, including hexagonal particle
models, circular particle models in different particle distributions and irregular polygonal particle models established by Voronoi
method. Results indicate that particle shape and distribution have remarkable influences on the effective modulus of PBX. Voronoi
numerical model can not only achieve the high filling degree (>85% ) of particle for PBX material, but also the meso-structure of
PBX can be better resembled by irregular polygonal particle. Young's modulus predicted by Voronoi model is 1.41 GPa, which is
close to the experimental value. With increasing the particle content, Young’'s modulus, bulk modulus and shear modulus increase

in approximate exponent, while Poisson’s ratio decreases rapidly.

Key words: effective elastic modulus; polymer bonded explosives( PBX) ; Voronoi model; finite element; meso-structure
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