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Abstract: In order to solve the problems of poor performance consistency and difficult adjustment of burn-
ing rate and density of monolithic porous propellant, a scheme of embedding porous spherical particles in compos-
ite propellant to achieve ultra—high burning rate is proposed. The formulation and forming process of porous spher-
ical particles are introduced. The interior ballistics and impact sensitivity are tested. Ultra—high burning rate pro-
pellants with different formulations embedded with porous spherical particles were developed. The combustion
characteristics of this kind of propellants were studied and analyzed through the internal ballistic performance
test. The development and test results show that the porous spherical particles with high porosity and low density
are easy to produce convective combustion, but the safety performance is good. The scheme of embedding porous
spherical particles in composite propellant to achieve ultra—high burning rate is feasible. It can effectively adjust
the density and burning rate from conventional propellant to ultra~high burning rate propellant by adjusting the

porosity and energy density of porous spherical particles and their proportion in propellant.
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Fig. 1 Internal pore structure of porous spherical particle
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Fig.2 Porous spherical grain with different porosity
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Fig. 3 Interior ballistic curve of porous spherical grain

with high porosity
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Table 1 Impact sensitivity test results of porous spherical

particle
Number Granularity/ ~ Aluminum Density/ Impact
mesh content/%  (glem®)  sensitivity/%
1 <40 1.7 1.27 <4
2 <40 15.3 0.66 <4
3 <40 19.9 0.99 <4
4 <40 19.9 0.74 <12
5 <40 22.9 1.18 <4
6 <40 20.2 0.85 <4
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Fig. 4 Structure of ultra-high burning rate propellant

embedded with porous spherical particle
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Table 2 Formulation design of ultra-high burning rate

composite propellant

Propellant porosity/% 34 55 75 95 115 135

HTPB/g 5.88 539 5.01 494 459 444
AP/g 275 272 259 246 234 223
ALl/g 276  2.72 259 237 235 223

Porous spherical particles/g 1.77 2.77 3.72 4.64 551 6.35
Propellant density/(g/em®) 1.77 1.73 1.69 1.66 1.62 1.59

Fig.5 Ultra-high burning rate propellant samples

embedded with porous spherical particles
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Fig. 6 Combustion of propellant samples at atmospheric
pressure

Fig. 7 Flame propagation of propellant samples during

atmospheric combustion

Fig. 8 Tester test of ultra-high burning rate propellant

embedded with porous spherical particles
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