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ABSTRACT: A numerical analysis based on the three-dimensional elasticity solution is presented
for predicting the plastic deformation of a cylindrical composite sandwich panel. An extended non-
linear higher-order sandwich panel theory is applied to model core compressible effect. The non-linear
governing partial differential equations of motion are discretized and reduced to ordinary differential
equations by applying the differential quadrature method and solved using the newmark method.
The effects of various parameters including panel dimensions, layers thickness, pulse duration and
maximum pressure on the plastic deformation of the panel were investigated. The obtained results
using the present method are compared with finite element solutions by commercial software ANSYS
and good agreement is demonstrated. It is observed that significantly less computational time and
hardware capacity for the proposed method with respect to the finite element solution is required. It
was shown that inner layer of sandwich panels are supposed to higher stresses and are more likely
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1. INTRODUCTION

Composite and sandwich panels consist of fiber-
reinforced polymers facesheets and polymeric foam cores
may be exposed to a pulse pressure loading created by the
explosion or blast and response of the panel can involves
plastic deformation and facesheets fracture. Numerical and
experimental studies done lately have shown that elastic-
plastic deformation is the main phenomenon that takes place
in the foam cores used nowadays in sandwich structures
[1-2]. Wang et al. [3] have done an experimental test on
the step-wise graded cores to find the effects of staggering
the foams on the blast resistance of composite sandwich
panels. They reported that the blast strength of a composite
sandwich panel can be increased by interchanging the foams
such that the softest core, which would experience significant
core crushing and plasticity, is the most proximate layer to
the shock wave from a blast. Elastic-plastic deformation of
a double curved composite sandwich panel under blast load
was studied by Hoo fatt and Surabhi [4].

2. GOVERNING EQUATIONS OF MOTION

Consider a simply supported cylindrical sandwich panel
with the radii of mid-surfaces a, a_and a,, panel angle $, total
thickness H=h,+h +h , length L and span b as shown in Fig. 1.
It should be mentioned that the sub-indices ¢, ¢, and b indicate
the top, core, and bottom layers, respectively. The panel is
subjected to the uniformly distributed external pressure pulse
loading with the below equation:
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Fig. 1. Geometrical properties and schematic view of the
cylindrical sandwich panel
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in which P, ¢, and 7 are maximum pressure, pulse decay
and time, respectively. The core of the sandwich shell is
made of isotropic viscoelastic material, such as Polyvinyl
Chloride (PVC) foam. Likewise, it is assumed that the top
and bottom layers are made of the woven roving E-glass/
vinyl ester with 0-degree orientation with respect to the
hoop direction.

The facesheets are assumed to satisfy the Kirchhoff-
love assumptions and a non-linear fourth-order function is
used to approximate displacement fields of the core layer
as considered in Ref. [5]. The three-dimensional governing
dynamic equilibrium equations of the panel are as follows:
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Integrating Eq. (2) in the radial direction, the seven partial
governing differential equations of motion can be written in
terms of the displacement fields (i, v/, w', w*, u®, v*, w®). In this
paper assumed that panel facesheets undergoing pure elastic
deformations and core has elastic-perfectly plastic properties.

In order to describe plastic yielding in the core, the
criterion introduced in Ref. [6] is applied:

cjwm = cFY (3)

where Csow and & is the flow and effective stress,
respectively. Also, the modified Hashin-Rotem failure
criterion is applied for orthotropic facesheets failures
examine:
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In this paper, the combined Differential Quadrature (DQ)-
Newmark method is used to discrete and solve the three-
dimensional partial differential equations of motion of the
sandwich panel. The polynomial based differential quadrature
as a semi-analytical method is introduced to approximate the
first and the second order derivatives of the function and
discretize the governing equations.
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where ai/.”) and b{./.”/ are the weighting coefficients for the
first derivative and N and Q denote the number of sampling
points in » and @ directions, respectively. Dynamics partial
differential equations converted to a linear system with
7xNxM ordinary differential equations using the DQ method
and are written after discretization as follows:
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where [M] and [K] are the mass and stiffness matrices,
respectively and {X} denote displacement fields at three
directions of the panel.

In next, an implicit approach namely Newmark method is
used to solve the set of the ordinary differential equation of
sandwich panel.

(6)

3. RESULTS AND DISCUSSION

Table 1 depicts the material properties of woven roving
E-glass/vinyl ester and PVC foam that are considered for
facesheets and core.

A composite sandwich panel with L=b (Bxa)=0.5
m, R=1 m, h=h,= 0.005 m, 2 =0.04 m made of E-glass/
vinyl ester facesheets and a PVC H250 foam core under
pulse pressure with P =2 MPa and ¢,=0.002 s, is chosen to
compare the elastic-perfectly plastic response with the finite
element solution using ANSYS commercial software. Von-
Mises stress of core for various times is plotted in Fig. 2.
Accordingly, good agreement between results obtained by
DQ-Newmark method and those predicted by finite element
solution is observed.

Table 1. Material properties of the sandwich panel

E-Glass/ HCP1
Vinyl Ester H30 H100 H250 00
E;1(Gpa) 7.48 0.027 0.105 0.403 0.34
Exo(Gpa) 17 0.027 | 0.105 | 0.403 | 034
E35(Gpa) 7 0.027 | 0.105 | 0.403 | 034
G12(Gpa) 1.73 0.013 0.044 0.117 0.131
G31(Gpa) 1.73 0.013 0.044 | 0.117 0.131
G13(Gpa) 4 0.013 0.044 | 0.117 0.131
Vi2 0.12 0.25 0.31 0.34 03
V23 0.28 0.25 0.31 0.34 0.3
Vi3 0.12 0.25 0.31 0.34 0.3
p(kg/m?) 1391 30 100 250 400
oy(MPa) - 0.29 1.53 6.3 12.88
ty(MPa) - 0.35 1.4 3.64 7.44
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Fig. 2. Comparison of the von-mises stress at the mid-surface of
the core before maximum deflection, mid-line (circumferential)
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Fig. 3. Effects of the mid-surface radius on the plastic critical
pressure of the sandwich panel

Figs. 3 and 4 show the peak pressure corresponded t
initial core yield versus panel mid-surface radius and puls
decay for the various core materials. The peak pressure t
plasticity decreases with increasing mid-surface radius an
pulse decay.

4. CONCLUSIONS
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Fig. 4. Effects of the pulse decay on the plastic critical pressure
of the sandwich panel
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