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Numerical Solutions for Thick-Walled Laminated Composite Spheres
under Impact Pressure

Guen Oh and Woo-Jin Sim
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Abstract

In this paper, the thick-walled laminated, orthotropic as well as bimaterial, composite hollow spheres
under impact pressure are analyzed in detail by using the semi-discrete finite element method with
the Houbolt time-integration scheme which results in unconditionally stable transient numerical results.
Numerical results are obtained by using the self-constructed spherically symmetric (one-dimensional)
and axially symmetric (two-dimensional) finite element programs, and compared with the previous
solutions by other researchers, being shown some of which are incormrect. The finite element package
Nastran is also adopted for numerical comparison.
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Fig. 1 Spherically symmetric finite element model
and 1-D isoparametric quadratic element
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Fig. 2 Axisymmetric finite element model and 2-D
isoparametric quadratic element
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Fig. 3 Normalized radial stresses at points A, B for
an isotropic hollow sphere
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Fig. 4 Nomalized tangential stresses at point A of
an isotropic hollow sphere
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Fig. 5 Normalized radial stresses at points A, B for
an anisotropic hollow sphere
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Fig. 6 Normalized tangential stresses at points A,
B for an anisotropic hollow sphere
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Table 1 Material properties of the bimaterial
laminated hollow sphere

Property Unit Ist layer | 2nd layer
Young's modulus GPa 70 200
Poisson's ratio - 0.33 0.25
Density kgl cm® 0.027 0.0096
Wave speed m/ sec 1960 5000
Reference time nsec 255.112 1000
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Fig. 7 Nommalized radial stresses at points A, B and
C for a bimaterial composite hollow sphere
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Fig. 8 Normalized tangential stresses at points A, B and
C for a bimaterial composite hollow sphere
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Table 2 Material properties of an orthotropic
composite hollow sphere

Property Unit |Aluminum| Glass T300

E, 26.67 96
Young's
Esl GPa 70 80 180
modulus
E, 0.25 180
. VV
Poisson's
) Vo - 0.33 0.25 0.21
ratio
Vo
Density | p | kg/cmd 0.027 0.024 0.018
Wave
c | m/sec| 1959.924 | 1490.712 | 2597.187
speed
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