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Fig.1 Structures of test projectile
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b. recovered test projectile
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Fig.3 Penetration of projectile and recovered test projectile
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Table 1 Penetration stability test results of cast charge PBX-1
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Fig.4 Configuration of the improved projectile tail

No. penetration velocity / m-s™ penetration depth / m results

1 526 1.04 the rear cover of projectile comes off and the charge partially reacts
2 488 1.0 the rear cover of projectile comes off and the charge is unreactive

3 492 1.0 test projectile is in good condition and the charge is unreactive
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Table 2 Material parameters of cast PBX explosive!*”’
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G/ MPa G /| MPa G /| MPa G | MPa G% / MPa a/m m p/g-cm™
35 4.27 83.56 115.94 472 0.002 10 1.69

7V /s 7% /s 73 /s /s 7% /s c,/ m v/m-s! K,/ Pa-m'?
0 7.5x107 7.5%X107° 7.5%X107° 7.5%x1077 0.00002 300 2.5%x10°

Note: GV, G2, G®, G, G are relaxation modulus. 7V, 72, 73 4,

79) are relaxation time. a is the initial flaw size. m is the cracking parameter. p is densi-

ty. ¢, is the average crack radius. v is the maximum growth rate of the average crack radius. K is the initiation toughness of the matrix material.
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Table 3 Material parameters of projectile shell™"

p/g-cm™ E/GPa o,/ GPa B

7.85 210 1.5 1.0

Note: p is density. Eis Young's modulus. o, is yield stress. B is hardening pa-

rameter.
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Table 4 Material parameters of concrete target'*?!

p/g-cm™ fo/ MPa G/ MPa o,/ MPa
2.4 35 13.52 4

Note: p is density. f. is uniaxial compression strength. G is shear modulus. o

is maximum tensile strength.
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Experiments and Numerical Simulations of Penetration Stability of Cast Charge PBX-1

ZHANG Qi-lin', DUAN Zhuo-ping', MENG Fan-xing’, NAN Hai’, WANG Xin-jie', HUANG Feng-lei'

(1. State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology, Beijing 100081, China; 2. Harbin Jiancheng Group Company
Ltd., Harbin 150030, China; 3. Xi' an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To study the stability of a cast polymer-bonded explosive (PBX) during penetration, projectiles with the PBX-1 charge
was launched by a 155mm gun to penetrate concrete targets. The penetration depths at different velocities were obtained, and the
critical penetration velocity for maintaining the charge stability was about 490 m-s™'. Based on the viscoelastic statistical crack (Vis-
co-SCRAM) model, the experiments for testing penetration stability were modelled by a fluid-solid coupling method with large de-
formation. Thermal-mechanical responses of the charge during penetration were obtained and reasons for the unexpected ignition
of the charge were analyzed. The numerical results and experimental data are in a good agreement. The results show that no obvi-
ous deformation or damage is observed for the projectile shell, while the cast PBX charge undergoes large deformation and part of
charge seeps out from the end gap. During the penetration process, the charge collides with the bottom of charge chamber at high
speed and forms a local high-pressure zone. The maximum pressure exceeds 500 MPa when the charge tail is impacted. The tail of
the charge is deformed and damaged severely, which may lead to a highly localized temperature and even ignition.

Key words: cast polymer-bonded explosive(PBX) ; penetration stability ; viscoelastic statistical crack mechanics;ignition;fluid-sol-
id coupling
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