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A numerical study of the impact mechanism of
bottom gap on charge launch safety
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(College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, Heilongjiang, China)

Abstract: The issue of charge launch safety under the environment of high rifling pressure, high overload and high initial
velocity has been one of the research hot topics. To investigate the impact mechanism of bottom gap on charge launch safety, a
thermo-mechanical-solid coupling combustion model of the charge affected by bottom gap under impact loads based on the
material point method is established. In this procedure, the formula for calculating temperature of air in the bottom gap during
adiabatic compression is deduced, the relationship between the compression amount and the air temperature is quantitatively
analyzed, the criteria and equation of state of the multi-material hybrid is constructed, and the calculation method of the
temperature at the charge bottom affected by bottom gap in the launch process is established. The launch process of PBX
charge with different bottom gap thicknesses is simulated by using the model, and the bottom temperature variation of PBX
charge under different conditions are consistent with the experimental results, which verifies the correctness of the model. This
model is then used to simulate the launch process of Composition B (COM B) charge with different bottom gap thickness in
the launch environment, and the bottom temperature variation of charge is analyzed. The simulation results show that the
charge temperature decreases gradually from the bottom to the top in the launch process and the area most likely to experience
an ignition reaction is located at the charge bottom. The bottom temperature of COM B charge increases with the increase of
the bottom gap thickness. The thickness of the bottom gap shall not be greater than 0.062 cm when the charge is in the launch
safety state under the action of loading peak value of 324.7 MPa, which means that the presence of bottom gap seriously affects
charge launch safety. From the simulation results, it is clear that the air in the bottom gap can be compressed in the launch
process, and its temperature can rise rapidly; while in turn, it transfers heat to the charge bottom adjacent to the air, causing the

temperature of the charge bottom to rise and making the charge bottom more susceptible to ignition reactions. The combustion
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model provides a theoretical basis for studying the charge launch safety.

Keywords: bottom gap; charge; launch safety; material point method
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Fig. 1 The air temperatures at different compression ratios
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Table 1 Thermodynamic parameters of charges ***

SRR o,/(kg:m™) ¢, /(I kg K™) A/(W-m K™ 0,/0kg™ Z/s" E,-R'K Ly
COM B 1717 1780 0.246 5.82x10° 2.01x10' 2.7x10* 0.2
PBX 1842 1810 0.5 5.6x10° 5.5x10" 2.652x10* 0.24
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