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Fig.1 Comparison of single-hole propellant particle before

and after the deformation under impact velocity of 5 m-s'""
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Table 1 Parameters of the seven-hole propellant 7%
. diameter  aperture thickness length density Young's modulus . yield stress
material Poisson’s ratio
/ mm / mm / mm / mm /kg-m™ / MPa / MPa
seven-hole propellant 11 1 2 16
1600 2560 0.24 74.3
nineteen-hole propellant 11 1 1 16
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Table 2 Material parameters of the drop hammer"®’

material diameter / mm length / mm

density / kg-m~

3

Young’s modulus / MPa Poisson’s ratio

stainless steel 45 20
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Table 3 Comparison of simulation results for different meshes
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maximum axial stress

mesh size grid number duration / h
/ MPa / mm / MPa
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Fig.4 Stress nephograms at different time instants of seven-hole particle impact process at 10 m+s™
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Fig.5 Stress nephograms at different time instants of nineteen-hole particle impact process at 10 m-s™
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b. stress-time curves of nineteen-hole propellant
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a. stress nephograms in axial and radial sections of the parti-

cles at 200 microseconds

b. lateral stress nephogram of lace-shaped porous propel-

lants after unloading
B 12 AE0 TR i 24 B A e A T 1 ) s
Fig. 12

surface of the lacy propellant

Stress neutrograms in cross sections and on lateral

—— the concave part of the lace
the convex part of the lace

stress / MPa
3

0 500 1000 1500 2000 2500 3000 3500
time / us

a. stress-time curves of lace-shaped seven-hole propellant

the concave part of the lace
the convex part of the lace

stress / MPa
=]

0 500 1000 1500 2000 2500 3000 3500
time / us

b. stress-time curves of lace-shaped nineteen-hole propellant
13 B30 [T Ak o™ A Ak ) 7 7 ) T 2

Fig.13 Stress-time curves at the concave and convex of lace
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Numerical Study on Impact Force of Porous Propellant

ZHANG Tian-wei', DAI Shu-lan', LI Man-li', CHEN Chun-lin'*
(1. Environmental and Safety Engineering Institute of North University of China , Taiyuan 030051, China; 2. Luzhou North Chemical Industries , Luzhou
646000, China)

Abstract: In order to investigate the mechanical response process of porous propellant under impact loading and the effect of
geometric parameter changes on the mechanical properties of the particles, ANSYS/LS-DYNA was used to establish the numeri-
cal models of seven-hole and nineteen-hole propellants to simulate the force of the particles under impact loading. Then, the
models of single-hole propellant, seven-hole and nineteen-hole propellants with aspect ratios of 1:1 and 2:1, and lace-shaped
seven-hole and nineteen-hole propellants were established to study the influence of the number of holes, aspect ratios and shape
on propellant stress. The results show that the particles rebound after being compressed, the stress on the surface in contact with
the drop hammer increased gradually from the center to the boundary, and the middle of the particles expanded. The increase of
the number of holes will change the continuity of the stress distribution on the end surface due to the stress concentration at the
hole. Compared with the single-hole propellant, the duration under stress and the maximum compressive displacement of the
seven-hole propellant are increased by 3.39% and 3.76%, respectively, whereas the duration under stress and the maximum
compressive displacement of the nineteen-hole propellant are increased by 10.17% and 15.05%, respectively. When the number
of holes remains constant and the aspect ratio increases from 1:1 to 2:1, the peak stress decreases and the peak compressive dis-
placement increases. The lace-shaped particles were more prone to cause stress concentration in the concave of lace than the cy-
lindrical ones. The study of the stress response process of the propellant and its influencing factors provides fundamental data to
study the mechanical properties of the propellant.
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