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Table 1 Parameters of the 14.5 mm ballistic gun
p./MPa m/g S,/em* 6 Vol / m’ I/ m
30 64 1.745 0.24 3.77x107°  1.24

Note: p,_is the engraving pressure; m is the mass of projectile; S is the
chamber section area; 6 is the adiabatic exponent; \/oln is the cham-

ber volume; [ is the total travel distance of projectile.
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Table 2

in 14.5 mm interior ballistic test

Experimental results for different propellant samples

sample Pr /g p,/ MPa Vy,/m-s!
B-1 0.2695 28 278.3 1007.3
C-1 0.4004 30 289.7 1036.0
C-2 0.4371 32 297.1 1046.8
C-3 0.4491 33 295.3 1064.2

Note: Pr is burning progressive factor; w is charge mass; p, is maximum

chamber pressure; V, is muzzle velocity.
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Table 3
tion algorithm

Fitting calculation by the particle swarm optimiza-

propellant sample fitting result

case index

fitting set validation set 7, un X @
fitting 1 B-1,C-1 C-2,C-3 0.784 0.858 1.116 1.237
fitting 2 B-1,C-1,C-2 C-3 0.775 0.854 1.132 1.235

Note: n, is utilization coefficient of propellant force for blank propellant; »,
is utilization coefficient of propellant force for desensitized propellant;
x is correction coefficient of burning rate; ¢ is secondary work coeffi-

cient.
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Interior Ballistic Performance Prediction of Desensitized High-Energy Nitramine Gun Propellants

GUO Zhi-gang', LI ZI-chao', LI Man-man', WU Rui', WEI Lun', YU Hui-fang', WANG Qiong-lin', WEN Xiao-mu*
(1. Xi"an Modern Chemistry Research Institute, Xi'an 710065, China; 2. No.208 Research Institute of China Ordnance Industries , Beijing 102202, China)

Abstract: To obtain the factors which affect the interior ballistic performance of desensitized high-energy nitramine gun propel-
lants, the interior ballistic model was built through the closed vessel test and the 14.5 mm ballistic test. The correction coeffi-
cients were fitted by the particle swarm optimization algorithm. Then, the effects of muzzle velocity V, and maximum chamber
pressure p, on burning progressive factor Pr and charge mass w were analyzed through the theoretical model calculation. It was
found that, the correction coefficient of burning rate y and the utilization coefficient of propellant force 5 should be considered
to predict the dynamic combustion characteristics of high-energy nitramine gun propellants by the classical interior ballistic theo-
ry. Compared with the case of static combustion, the relative increase of burning rate could exceed 10% in the dynamic combus-
tion. Meanwhile, because of the energy dissipation, only about 80% of the propellant force can be effectively converted into the
kinetic energy of projectile in the theoretical calculation. In result, the interior ballistic performance of gun propellants is affected
by the coupling of Pr, w, x and 7. As the major mechanism, the interior ballistic performance is significantly affected by the stat-
ic combustion characteristics and the charge mass. There is a linear positive correlation between V, and w, while p, can be ex-
pressed by an exponential function of w, and the coefficients in different correlations are determined by Pr. Nevertheless, with
the different process conditions, the fluctuations of y and 7 lead to the varying of interior ballistic performance, which increases
the prediction deviation of the fitting correlation.

Key words: desensitized high-energy nitramine gun propellant; interior ballistic performance; correction coefficient of burning
rate;utilization coefficient of propellant force;fitting correlation
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