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Thermal Cycling Response and Damage Evolution of HMX-based PBX

SUN Ming-jie, CUI Hao-yang. KANG Ju-wei, HUANG Xin-yue, HOU Cong-hua
(School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: To systematically study the thermal stress response and damage evolution behaviors of HMX-based PBX under ther-
mal cycle impact, taking 90.10% of theoretical density HMX-based PBX grains as the research object, the thermal stress distri-
butions under thermal loading was simulated using Abaqus finite element software to explore the thermal damage evolution
mechanism caused by thermal stress. Meanwhile. scanning electron microscopy (SEM) and industrial computed tomography
(CT) were combined to perform mesoscopic characterization of the grains. and Avizo software was used to achieve visual a-
nalysis of the pore structure. The results show that the temperature gradients occur in the grains during thermal shock, accom-
panied by stress peak hysteresis. And the cracks evolve from the external to the central region, and their expansion behavior is
consistent with the direction of thermal stress distribution. After the heat treatment, the porosity increases from 13.54% to
17.99% , and there is a trend for isolated pores to develop into connected pores. The study indicates that the thermal stress is
the driving factor causing damage evolution in HMX-based PBX.
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Table 1T The density of PBX

density/(g + cm™?)

sample relative density/ %
tested theoritical
B1 1.340 71.49
B2 1.592 84.93
1.874
B3 1.689 90.10
B4 1.810 96.56
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Table 2 Main performance parameters of HMX-based PBX

E/MPa v A C, T/K ar /107K
1 240—330 5.3410.18
1410 0.3940 0.0134+3.3177X107°T
0.8896+0.00426 T 330350 13.47+£2.45
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Table 3 Viscoelastic parameters of HMX-based PBX
1 1, 1 1 1,
G,/MPa G,/MPa G;/MPa G,/MPa Gs/MPa —/s —/s —/s —/s —/s
T T2 T3 T4 Ts
944.0 173.8 521.2 908.5 687.5 0 7.32X10° 7.32X10* 7.32X10° 7.32X10°
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Fig.4 Monitoring points inside the PBX column
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Table 4 Peak stress under different grids

number peak stress/MPa
type  size/mm

of units  1st peak  2nd peak 3rd peak
M1 0.10 1772 5.20 5.57 5.87
M2 0.08 3525 5.83 5.80 5.96
M3 0.06 8561 5.90 5.85 5.95
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Fig.6 B1-—B4 Peak thermal stress in the thermal cycle of the column
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Fig. 13 SEM images of the surface of the column

before and after thermal shock
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Table 5 Porosity calculation results

o/ % V/107 pm? N/10° voxel
sample variance  kurtosis
average max min average max min average max min
C1 13.54 80. 10 8.96 3.79 22.4 2.51 3.79 22.46 2.51 0.007 28.88
C2 17.99 91.08 13.09 5.75 27.6 3.96 5.75 27.60 3.96 0.010 18.50
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