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ARTICLE INFORMATION ABSTRACT

In this study, the effects of impact of a projectile on a fuel tank are studied using the finite element
method and compared with experimental method. Due to penetration of the bullet into the tank, large
internal pressures from the fluid are imposed on the tank's walls which can damage it. The considered
fluid structure interaction (FSI) problem is solved in an Eulerian-Lagrangian reference frame by using
Keywords: the LS-Dyna software. By comparing of the res_ults obtained from thf_e simulations and the experimental
Eulerian-Lagrangian data, it can be seen that the LS-Dyna software is able to model the different phases of event accurately.
Impact In previous researches mostly the penetration and cavitation phases are investigated numerically. In this
Hyper Velocity Projectile paper all phases namely penetration, cavitation, stresses applied to tank’s walls and bullet exit are
Tank investigated. The comparison between the Von Mises stress of walls in the fluid-filled tank and the
empty one signifies 30 percent growth of the maximum Von Mises stress in the wall of the fluid-filled
tank compared to the walls of the empty tank. Also in addition to what has been done in previous
numerical works, the failure mode of fluid-filled tanks are determined numerically. The numerical
results show that because fluid-filled tank walls are pre-stress due to the fluid shock waves, the failure
mode of fluid-filled tank is quite different with the failure mode of the empty one.
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Fig. 2 Pressure wave shadowgraph in the shock phase of the
hydrodynamic ram event, taken from the experiments of McMillen [2]
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Fig. 1 Four different phases of hydrodynamic ram event [1]
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Table 3 Comparison of different equations of state for fluid
simulation in the hydrodynamic ram event
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Fig. 5 Shock waves caused by the impact and the bullet penetration
inside the tank
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Fig. 6 Von Mises stress contour (MPa) of the empty tank wall at the
25 microseconds after the impact
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Table 5 The placement positions of pressure transducers

Z (mm) Y (mm) X (mm) gzl 5 ol

37 301 0 1

215 215 0 2

301 0 37 3

602 0 74 4

903 0 111 5
1167 0 0 6
1167 143 0 7

2Von Mises stress
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Fig. 8 Representation of the transducer angle from the shot line [4]
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Fig. 7 Von Mises stress contour (MPa) of the fluid filled tank wall at
the 25 microseconds after the impact
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Fig. 12 Cavity formed in the experiments of Disimile et al [4]
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Fig. 10 Created waves in the fluid due to penetration of the
projectile in it
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Fig. 18 Hole created in the fluid filled tank wall when the projectile
leaves it
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