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ABSTRACT

In thin shell structures, like pressure vessels, high p fuselages, openings are invariably
necessary. Circular openings in structural m preferred in practice due to its simple
geometry; but, from a purely structural point of v e other‘configurations which offer certain specific
advantage over the circular shape. The i
configuration is used for window openings es and is recommended for manholes by the ASME
Code for Unfired Pressure Vessels and the “Biti ard Specification (BS 1500) for Fusion Welded
Pressure Vessels. Multilayered posite ﬁe are being increasingly used in the construction of such

structures. This has created tl d of an iptical cutouts in composite laminated cylindrical shells.
Also in certain cases the elli ning Is closed by elastic inclusions as in case of transparent windows in
pressurized cabins like airera nd for radiation of heat in environmental chambers.

The present work dea is of composite pressure vessel made of Boron/Epoxy, Glass/Epoxy
of elliptical shape. Commercially available software ANSYS is
used to investi in,walled composite cylindrical shell. Validation is carried out for the cases

available in li

Openings invariably necessary in laminated composite shell structures, like pressure vessels, aircraft
fuselages, high pressure ducts, missile casings, boilers, reactors and deep-diving vehicles. Multilayered
composite materials are increasingly used in the construction of shell type structures for various industrial and
aerospace applications, owing to its high strength, stiffness as well as tailoring capabilities. This has created the
need for analysis of laminated composite cylindrical shells with elliptical cutouts. Also in certain cases the
elliptical opening is closed by elastic inclusions as in case of transparent windows in pressurized cabins like
aircraft fuselage and for radiation of heat in environmental chambers. Thus, there is a need to carry out analysis
for predicting stress concentration due to various types of openings/inclusion in laminated composite shell and
design suitable reinforcements that keeps the stresses in the desired levels.
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LITERATURE REVIEW

Using Analytical method, several researchers have carried out, analysis of cylindrical shell with cutouts in
isotropic domain [1-5] and in composite domain [6-8]. Finite Element method has emerged as a powerful tool
owing to its inherit capabilities in solving such complex problems. Some of the important works are Srinath H.R
et al. [9], Lakshminarayana H.V. et al. [10], and Vijay Kumar R. et al. [11, 12].

Lakshminarayana H.V. et al. [10], have formulated the stiffness matrix for a high precision triangular laminated
anisotropic cylindrical shell finite element and coded into a composite structural analysis program. The
versatility of the element's formulation enables its use in the analysis of multilayered composite plate and
cylindrical shell type structures taking into account actual lamination parameters. Vijay Kumar R et al. [11, 12],
have presented an improved finite element model for the analysis of composite shells having gylindrical shape
with cutouts/ inclusions. Analysis is carried out for axial tension and internal pressure loading in composite
pressure vessel with stacking sequence [0/90;]s and with three different material system. The york is an
extension of this work using commercially available software ANSYS.

The Finite Element Method (FEM) is a technique that is currently used to solve

within a reasonable timeframe. However, FEM was first developed as for e%ng li elastic solids,
which is the type of the problem being discussed in this paper. Theref: ollo subsections will provide
an explanation of FEM as it pertains to this fundamental applicati

The literature has indicated a growing interest in the field ion analysis in the pressure
vessels. Pressure vessels find wide applications in therma

VIII Division 1. The stresses developed in Solid wal and Head of pressure vessel is analyzed by
using ANSYS, a versatile Finite Element Packa ues and ANSYS values are compared for
both solid wall and Head of pressure vessel
In general, pressure vessels designed i
designed by rules and do not require a detai
secondary bending stresses may exi
details. It is required, however,
be considered.

all stresses. It is recognized that high localized and
use of a higher safety factor and design rules for
rces applied to a vessel or its structural attachments) must

METHODOLOGY

The basic dimensigns u ict the behavior of cylindrical pressure vessel is given in Table 1.

Table 1. Inpu edic response of the cylindrical shell with cutout/Inclusion under internal pressure
Geometric Parameters Loading
Radius of the shell) =100mm

t (Thickness of the shell)  =1mm

L (Half length of the shell) =100mm p = 1Mpa

B (curvature parameter) =2.0

k (axis ratio) =05
B? = a?/8Rt[12(1-v?)]*? 1)
k =bla (2)

b (minor axis of the elliptical cutout) = 15.57mm
a (major axis of the elliptical cutout) = 31.14mm
Table 2. gives the material properties of composites used and for inclusion part;
E. =28670 MPa and v = 0.36.
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Table 2. The material properties of Composite cylindrical shell [11,12]

Property Uniits Material Properties .
Boron/Epoxy Glass/Epoxy Graphite/Epoxy
E: GPa 204 38.6 181
E> GPa 18.5 8.27 10.3
G GPa 5.59 4.14 7.17
V12 - 0.23 0.26 0.28
Xt MPa 1260 1062 1500
X MPa 2500 610 1500
Yt MPa 610 31 40
Ye MPa 202 118 246
S MPa 67 72

FE Model under specified boundary conditions for the analysis of composite pressure el is presented to

predict the stress distribution around an elliptical cutout.
t at one?and e of freedom
itable €losure to transmit the

During the analysis, an axial force is applied to simulate the closed-end
at space is constrained at other end. The hole has been considered to
pressure at the cutout.

Fig. 1 Typical Finite ith Transverse Elliptical cutout

' 4

RESULTS AND DISCUSS

utout has considered to have a suitable closure to transmit the pressure load over
edge of the opening in the shell. Fig. 3.The results compare well with available

Fig. 2 with elliptical cutout Fig. 3 with edge bonded elastic cover

Plot of normalized stress along hole boundary in isotropic pressure vessel,
comparison with target solution

4.2 Composite (Boron epoxy) cylindrical shell with a transverse elliptical cutout under internal pressure
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For a cross-ply laminated composite shell with elliptical cutout under internal pressure, the effect of material
orthotropy was studied in the lamina coordinate system at top, middle and bottom of each lamina on the
membrane and stresses at the critical location along the whole boundary.
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Boron/Epoxy laminated composite shell [902/0]s with cutout along the
bottom surface of each layer

o1

Fig.6 atn=90°

Stress distribution across the thickn

Results from the finite elements analysis of composite,
the influence of shear force for the stated loading ¢

fiber direction of each individual layer in lamin
the effect of material orthotropy on distributi
stresses o1 are normalized with respect to
surfaces of the respective layer are approac
occur within each layer across its

it can be observed that gradual change in stresses
shell with cutout the stress o1 decreases from top
op and botto ers ( 90° fiber direction layers) at 1=90° and, while it
er direction layersS). The maximum value of o1 occurs on the bottom surface
igible on top and bottom layers at 1=0° and it decreases from top surface

ell the effect of material orthotropy on o1 and o stress distribution in a
dge-bonded cover at different layers is shown in Fig. 8-9. For a cross-ply

cations are at n=0° and 90° i.e. at the end of major axis of the cutout. From these results it was
tress decreases from top surface to the bottom surface in layer 6 and layer 5 while it increases
he stress decreases from top surface to the bottom surface in layer 2 and 1.
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Fig. 8 Variation of o1 stress (MPa) Fig. 9 Variation of o stress (MPa)

laminated Boron/Epoxy composite shell [902/0]s with inclusion along the
bottom surface of each layer
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1111911

Fig.10 at = 90° Fig.11 atn=0°
Stress distribution across the thickness of composite shell

Table 4 Comparison of Max. Induced Stress in bottom surface of Boron epoxy composite laminate with elastic
inclusion of various layers with different stacking sequence.

Maximum Induced Stress in MPa.
Layer [90,/0]s [0/45/0]s [0/45/90]s
No. With With With With With With
Cutout Inclusion Cutout Inclusion Cutout Inclusion Inclusion

1 1559 293 1571 317 1567 303 313
2 1388 295 1386 303 139 299.5,' 309
3 712 217 737 283 88 713 221
4 1778 143 1922 214 1791 190
5 882 300 878 296 889 303
6 912 302 928 28 97 920 303

It is observed that the stress pattern is almost same f ing sequence. The maximum stress is induced

in the layer 1 for all the stacking sequence and
For Glass epoxy composite laminate with cutout/i maximum stress is induced in the layer 1 for all
i sequence [902/0]s.

For Graphite epoxy composite laminate The is induced in the layer 1 for all the stacking

sequence and minimum stress is seen in the sta e [902/0]s.

CONCLUSION

The discontinuities can ge in cross sections of shells to lead large stress concentrations and
analysis of these stre design to reduce the stress concentrations. ANSYS commercial
software is used i he behavior of thin walled circular cylindrical shells made of laminated

ated composite shell, the influence of uniform shear stress along the hole
. The stress level varies as the fiber direction changes in the respective layers
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