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b. combustion of the shelled charge
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Fig.2 High-speed and thermal images of the ignition and

combustion of the shelled charge
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Fig.3 Debris of the shelled charge after deflagration
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Table 2 Velocities of shell fragments

Table 1 Air peak overpressures

number distance / m p, / kPa p, / kPa
1 0.5 91.65 /

2 0.5 124.55 /

3 0.5 192.30 72.9
4 0.5 81.2 29.16
5 1 25.4 15.2
6 1 25.4 15.5
7 1 25.6 24.3
8 1 35 25.02
9 1.5 14.03 /

Note: p, and p,are air overpressures in the third and fourth tests, respectively.
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Fig.4 Air overpressure curves of the fourth test
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number V,/ m-s™ V,/m-s™! V,/ m-s™! V,/m-s™!
A - - 361.1 -

B 428.6 154.4 342.1 20.7

C 184.4 389.6 51.2 70.1

D - - 192.3 22.4

E - - 197.4 -

Note: V,, V,, V,and V, are velocities of shell fragments in the first, second,

third and fourth tests, respectively.
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c. velocity measuring screen B of the fourth test
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d. velocity measuring screen D of the fourth test

Fig.5 The diagram of velocity measuring screens of the third and fourth tests
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Fig.6 The finite element model of ideal detonation with the
shelled charge
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Table 3 Material models of the shell and end cover

. equation .
component material strengthmodel failure model
of state
shell Kevlar ortho elastic geometric strain

end cover  Al-7039 shock Johnson Cook geometric strain
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Response Characteristics of Cylindrical Shelled Propellant Charges Under Bullet Impact

CUI Hao', GUO Rui', MAO Xiao-xiang', XU Jin-sheng', GU Xiao-hui', LIU Rong-zhong', SONG Pu*
(1. School of Mechanical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Science and Technology on Combustion
and Explosion Laboratory, Xi'an Modern Chemistry Research Institute , Shanxi 710065, Xi'an, China)

Abstract: In order to study the response characteristics of cylindrical shelled propellant charges under the impact of the bullet, a
kind of 12.7 mm bullet impact test was designed. The high-speed camera recorded the response of the shelled charges under the
impact of a 12.7 mm bullet. Shell fragment velocities and air overpressures at different positions and azimuths were measured.
Besides, the ideal detonation of the shelled charge was numerically calculated and the relative energy release rate was obtained.
Four bullet impact tests of cylindrical shelled charge were carried out totally, in the first three tests, deflagration reaction oc-
curred in the charge, and in the fourth test, almost no reaction occurred in the charge. Results show that the reaction and rela-
tive energy release rate are great influenced by the impact position. A time sequence response of ignition, smoking, extinguish-
ment and low -pressure combustion occurred in the propellant when the bullet impacted vertically on the axis of the shelled
charge, and its relative energy release rate was 1.146%. When the bullet impact position deviated from the axis by a distance,
the propellant almost had no reaction, and its relative energy release rate was only 0.473%. The reaction of propellant can accel-
erate the shell fragments. When the deflagration reaction occurred in the shelled charge, the fragment velocity could reach
428.6 m-s™', while the maximum fragment velocity was only 70.1 m-s™' when the propellant almost had no reaction.

Key words: shelled charge;bullet impact test;response characteristics;relative energy release rate
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