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Low-velocity impact response of cylindrical sandwich shells with metal-fiber
laminated faces and a compliant core based on a higher-order sandwich shell

theory
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In this study, the low-velocity impact response of a cylindrical sandwich shell with metal—fiber laminated
(FML) face sheets and a compliant core is analytically investigated. The governing equations are derived
using Hamilton’s principle within the framework of a higher-order sandwich shell theory and implemented
in MATLAB for numerical computation. In the developed model, the face sheets are modeled based on the
classical shell theory, while the displacement field of the core is described according to the three-
dimensional elasticity theory without employing common simplifying assumptions. Moreover, nonlinear
distributions of stresses and strains through the core thickness are incorporated as complementary relations,
and both geometric nonlinearity and in-plane/out-of-plane shear deformations are included to achieve a
more accurate description of the impact response. The time history of the contact force is validated against
available results from previous studies, demonstrating good agreement. Furthermore, a parametric analysis
is performed to assess the influence of key parameters such as the core thickness and elastic modulus, as
well as the impactor mass, velocity, and radius on the impact behavior of the system. The results reveal that
these parameters play a crucial role in determining the peak contact force and the overall deformation of
the sandwich shells.
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Fig. 1 Geometric characteristics of the cylindrical sandwich shell
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Fig. 2 Spring-mass model of the sandwich shell and impactor system
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Table 2 Mechanical properties of the foam core material, aluminum,
carbon/epoxy, glass/epoxy, and aramid/epoxy [1, 22].

sy Jgde ) Jge Jse
kg/y s T Ep s, Eyp U
3 Osls
m (GPa) (GPa) (GPa)
150 0024 03 0.1 0.1 e
2700 28 033 724 72.4 poins]
/ @
1600 717 028 103 181 oS 2
Y
[ S @
1800 414 026 827 386 o
Y
9,
1460 23 034 55 76 )
sJ%l/JfAl)l

3 Glass Fibre Reinforced Aluminum Laminate
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Table 1 Specifications of the sandwich face sheets with a foam core
[25]
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Fig. 3 Variation of contact force vs. time in a composite sandwich
shell with thin face sheets and a foam core
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Fig. 4 Variation of the peak impact force with the face sheet volume
fraction
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Table 3 Effect of the metal-fiber face sheet volume fraction on the
peak impact force in a foam core sandwich cylindrical shell.
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Fig. 6 Variation of the contact force vs. time with changes in the
core’s modulus of elasticity
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Table 4 Effect Variation of the peak impact force with the increase
in the core-to-face thickness ratio of the sandwich shell.
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Fig. 5 Variation of the contact force versus time for the shell under
different core densities.
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Fig. 8 Analytical impact response under different impactor velocities:
(a) central deflection of the top face sheet and (b) time history of
contact force
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Fig. 7 Variation of the contat force vs. time with the stacking
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Fig. 9 Analytical response at the impact point for varying impactor
radii: (a) central deflection of the top face sheet and (b) time history
of contact force
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Fig. 8 Analytical impact response for different impactor masses: (a)
central deflection of the top face sheet and (b) time history of contact
force
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