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Abstract The delamination growth may occur in delaminated
cylindrical shells under Axial Buckling. This will lead to failure of
structure. This paper deals with the instability analysis of
delaminated composite cylindrical shells subject to axial
compression, using the finite element method. The effect of
contact in the buckling mode has been considered, by employing
contact elements between the delaminated layers. The interactive
buckling curves response of delaminated cylindrical shells has
been obtained. It was also observed that the effects of delamination
are more apparent when the composite cylindrical shells are
subjected to combined axial compression and bending. Using finite
element analysis (Ansys) we have found different mode shapes
reacting with respect to the winding angle affecting the properties
of the cylindrical shell.
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L. INTRODUCTION

Composite laminates are widely used in engineering
because of their specific excellent properties, such as high
strength-to-weight ratio, high stiffness-to-weight ratio,
designability, and so forth. But there will be delamination
damage in composite laminates during the manufacturing
processes, for instance, shocks in assembling procedures.
When compared with axial pressure, external pressure does
not cause local buckling in delaminated composite
laminates, but it can drive in the growth of the delamination.
And this will drastically reduce the stiffness and the
carrying capacity of the laminated structure, resulting in
global buckling and failure of structure at last. It is
necessary to determine the stress fields of delamination
front in order to analyze the delamination growth of
laminated structures. Laminated composite materials are
increasingly being used in the aerospace, marine,
automobile and other engineering industries. This is due to
their high strength-to weight and stiffness-to-weight ratios.
However, due to the lack of through-the-thickness
reinforcement, structures made from these materials are
highly liable to failures caused by delamination. Therefore,
within a design process, a structure’s resistance to
delamination should be addressed to maximize its durability
and damage tolerance. Delaminations in composite
cylinders may be due to manufacturing defects,
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transportation impacts and environmental effects during
their service life. The presence of delaminations leads to a
reduction in the overall buckling strength of the laminated
composite cylindrical shells [3-6]. For the past two decades
analytical and numerical analyses have been carried out by
many researchers to analyze delaminated composite
structures, considering their buckling and post-buckling
behaviour [7,8]. Almost all of the papers on delamination
buckling deal with beams and flat plates. [6,9-17]. The
early work belongs to Chai et al. [9] who characterized the
delamination buckling models by the delamination thickness
and the number of delaminations through the laminate
thickness. Due to its mathematical complexity and
modelling, very limited information on the subject of
delamination buckling of cylindrical shells and panels is
currently available [3-5,18-28]. .

This paper deals with the computational modelling of
delamination buckling of filament wound composite
cylindrical shells subjected to axial compression using
Ansys.

I1. GEOMETRY, MATERIALS AND LOADING
CONDITIONS

Fig. 1. Cylindrical shell with different loading conditions

A typical delaminated circular cylindrical shell with length
L=18cm, radius r=7.6, and thickness t=0.152cm is shown in
Fig. 1. The axial coordinate is X, the circumferential
coordinate is y, and the through-the-thickness coordinate
normal to the shell middle surface is z. The circumferential
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coordinate is replaced by y = rp. The rectangular
delamination (L4 Xx b) is located symmetrically with respect
to both ends of the shell, where Lq is in the axial direction
and b = ra is in the circumferential direction. Angle a
denotes the region of the delamination.t; and t, are the
thicknesses of the wupper and lower sublaminantes,
respectively. The loadings considered in this study are axial
compressive load. The axial load (R) is a uniform
compressive applied at the ends of the shell. In this study
the delamination surface is always symmetric with respect
to the plane . The materials selected throughout this study
and their engineering constants are shown in Table 1. Fig.
lc—e show the first buckling mode of a glass/epoxy
cylindrical shell (L/r =2.4,r/t =50) with the stacking
sequence of [0/0/0], [30/30/30], [45/45/45], [60/60/60]
[90/90/90] under axial compression.

1. FINITE ELEMENT MODELING

The following explains the FE modelling, buckling
procedures and also the method employed for calculation of
the strain energy release rate (SERR) in this study,
respectively. The displacement field for an intact cylindrical
shell, according to a first order shear deformation theory, is
given by

L, — uf + =,
uy =u + 2,
i}
: =1U
2 e (1)

ux, uy, uz are the displacements (in the x, y and z directions,
respectively) and ¥+ ¥ are the rotations (about y and x axes,
respectively), at arbitrary locations with the distance z to the
shell’s  mid-surface.  u..u.u’are the mid-surface
displacements of the shell in the respective directions. For
the analysis of a delaminated cylinder, the intact regions can
be represented by a single-layer of shell elements, whereas
the delaminated regions can be modelled by upper and
lower sublaminates that are connected by contact elements.
For the interface region, a modified version of the
sublaminate connection method, based on Eq. (1), must be
employed. Therefore, also the rotations (¥, ¥2) of all the
nodes of the stacked layers at the transition border are
coupled in addition to the displacements (2. . 12). Thus,
the mid-surfaces of the sublaminates of the delaminated and
the mid-surface of the laminate of the intact area are
coupled by the following set of equations:
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The selection of the mid-surface as a reference surface in a
shell element is due to tradition and the ease of defining
bending and shear rigidities. However, for composite
laminates with delaminations, it leads to the complexity of
using constraint equations (Eqg. 2) to maintain compatibility
of displacements on the delaminated front. The other
disadvantage is for use with the virtual crack closure
technique (VCCT) for calculation of the strain energy
release rate (SERR). An alternative method, which
overcomes these difficulties and also simplifies the mesh
generation, is to choose the reference surface at an arbitrary
position within the shell’s thickness. According to the first
order, shear deformation theory (Eg. 1), the deformation at
any position within the thickness direction can be expressed
by the deformation at any chosen surface, not necessarily
the shell’s mid-surface. Fig. 1 shows the close-up view of
the FE model used in the present study. This FE model is
also a combination of double-layer and single-layer of shell
elements; however, the delaminated surface is chosen as the
reference surface for both the intact and delaminated
regions. In the delaminated region, nodes are separately
defined on the upper and lower sublaminates although they
may have the same coordinates. Within the intact and
delaminated regions, the nodes located on the reference
surface are offset from the mid-surfaces of the
corresponding shells, either in the positive or negative
direction. To maintain compatibility of displacements on the
delaminated front, the nodes of the intact and delaminated
regions are tied together to have equal deformations. The
first stage in the simulation of the delaminated cylinder
subject to axial compression is a linear eigen value buckling
analysis. In simple cases, linear eigen value analysis may be
sufficient for design evaluation; but geometrically nonlinear
static problems sometimes involve buckling or collapse
behaviour, where the load—displacement response shows a
negative stiffness and the structure must release strain
energy to remain in equilibrium. Several methods [33,34]
are available for modelling such behaviour. It should be
noted that the initial small deflection that is necessary to
make the structure buckle was established by imposing an
imperfection to the original mesh. The applied imperfection
rested on an eigen mode buckling analysis of the structure
where the maximum initial perturbation was 5% of the
thickness of the shell. This method has been successfully
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used in the earlier studies of the author [3,4,30]. For the
buckling analysis, the axial compressive load is set to
increase up to 1.2 times the critical axial compressive load
of a perfect cylinder subjected to axial compressive load
alone. Using Ansys it is also possible to apply an axial
compressive load in the first step and to determine the
critical bending moment in the following step. The results
will be almost identical. The virtual crack closure technique
(VCCT) is used to calculate the strain energy release rate
(SERR). The nodal forces at the crack front and the
displacements behind the crack front are used to calculate
SERR [31]. The components of the strain energy release
rate for the three modes for a typical element are
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An example of a delaminated cylindrical shell made of
isotropic material with clamped ends under axial
compression, similar to the model employed by Simitses et
al. [20], was presented in Ref. [5] to validate the proposed
FE modelling approach. The delamination was located
symmetrically with respect to both ends of the shell and it
extended along its entire circumference. The dimensions of
the shell are such that L/r =2.4 and r/t = 50. The numerical
results of variation of critical load with delamination length
and delamination thickness, obtained using the present
method, were compared with those obtained by Simitses et
al. [20]. The critical loads (R;) are normalized with respect
to the critical load of an intact cylinder (R). It is shown that
although Simitses et al. [20] did not account for the contact,
between delaminated layers during buckling, their results
look reasonable. The cross-ply laminates had the stacking
sequence of [0/0/0], [30/30/30], [45/45/45], [60/60/60]
[90/90/90].

M= E4Me M=0.51Ne
=033, a=30" a=0.11, u=60r

Fig. 2. The buckling behavior with different mode shapes

V. RESULTS AND DISCUSSION

A cylindrical shell, with one end clamped, subjected to axial
compression is presented here. The loading case of axial
compression is considered. The dimensions of the shell
employed throughout this study are such that L/r = 2.4 and
r/t = 50.Throughout this study shell 99 element is chosen in
ansys.

Fig. 3. Result for different mode shapes for 30° and 45°
angles

Fig . 4 Result for different mode shapes for 60° and 90°
angles
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Fig.5 Deformation Vs mode shapes
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The fig 5. Is the plot of deformation verses mode shape. It
shows that the maximum deformation for the fiber angle 0,
60, 90 is acting at mode shape 6, where as in fiber angle30
and 45 it is acting at mode shape 4. Therefore the maximum
deformation for the stacking sequence of glass/epoxy
material is 1.072 .acting at mode 6.the deformation is less at
mode shape between 2 and 4 so, this is the safest zone for
the orthotropic cylindrical shell.
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Fig. 6 Load Vs Mode shapes

The above figure shows that the maximum critical loads
obtained are high for the 90 and 60 degree fiber angle.
Almost for all the stacking sequence the loads are high at
modes shapes 10. It means that to avoid failure this mode
should be avoided

V. CONCLUSIONS

1. The critical buckling load is high for the stacking
sequence of fiber angle at 90°, therefore this angle
is good to avoid critical buckling.

2. Deformation is less in fiber angle 0°, 60° and 90°
Therefore this can be used in combination to
increase its buckling strength and improve the
properties of helically wound cylindrical shells.

3. The helical angle of the cylindrical shell play an
important role for its functionality.
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