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Abstract: The effects of impact positions (offset ratios) on the dynamic behaviors of Q235 steel thin-walled
cylindrical shells under lateral impacts by foam projectiles were explored with finite element software ABAQUS/
Explicit. Based on existing experimental results, the accuracy of the finite element model was validated, and
the model was employed to conduct a comparative analysis of the dynamic deformation evolution, the deflec-
tions at mid-points of the impact region on the impact and rear sides, and the final deformation modes of the
cylindrical shell under different offset ratios. The results show that, the deflections at the mid-point of the im-
pact region on the impact side are consistent with the impact direction, while those on the rear side are in the
opposite direction; the asymmetric deformation mode of the cylindrical shell becomes more pronounced as the
offset ratio increases. Subsequently, the effects of constraint types, initial momentums, and length-to-diameter
ratios on the impact resistance of the cylindrical shell under offset lateral impact were studied. The comparisons
indicate that, regardless of the constraint type or the initial momentum, an increase in the offset ratio will re-
duce the absolute values of the deflections at the mid-point of the impact region on both sides, which will also
slow down the transition process of deflections at the mid-point of the impact region on the rear side from in-
dentation to bulging, under the influence of the length-to-diameter ratio. This enhancement mechanism is pri-
marily attributed to the significant improvement of the constraining effect of boundary conditions on the cylin-

drical shell as the offset ratio increases.
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Fig. 1 The one-half finite element model for the foam projectile eccentrically impacting the metallic thin-walled cylindrical shell
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Fig. 2 Sketch of the geometric model for the foam projectile eccentrically impacting

the metallic thin-walled cylindrical shell
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by foam projectiles at different impact offset ratios
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by foam projectiles at different impact offset ratios
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Fig. 9 Effects of impact offset ratios on the center-point deflections on impact and rear sides

of the metallic thin-walled cylindrical shell under different constraints
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of the metallic thin-walled cylindrical shell under different impact offset ratios
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