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Abstract-This paper was aimed to investigate the post buckig
behaviour of moderately thick-walled filament-wound carbon—
epoxy composite cylinders under external hydrostati pressure
through finite element analysis for under water velcle
applications.The winding angles were [+30/90] FW #45/90] FW
and [£60/90] FW. Finite element software ANSYS 14.@ere used
to predicted the buckling pressure of filament-woud composite
cylinders.For the finite element modeling of the amposite
cylinder, an eight-node shell element is used.To Wy the finite
element results for comparison, three finite elemensoftware,
MSC/NASTRAN , MSC/MARC and an in-house program ACOS
were used.Among these software’s, the finite elemiesoftware
ANSYS predicts the buckling loads within 1.5% devigion.
Keywords- buckling, thick wall, composite, hydrostapressure.

l. INTRODUCTION

Filament-wound composite  materials have
successfully used in underwater vehicles and ostactures
over the past few decades, due to their light weibigh
resistance to solt water corrosion and high strengtweight
ratio[1-3]; the use of composite materials in civil and rarijt
aircraft has also expanded considerably over thet few
years [4]. particularly, small underwater vehiclean be
manufactured
Underwater vessels suffer buckling due to hydrasfakessure
in subsea environment which reduces their loadyirayr
capacity [6].

Application of polymer composites for underwater
vehicles can reduce their weight and expand thehdep
Operation. Although decades of R&D in composite ariats
have focused on aerospace engineering, new apptisaare
opening up in various fields where weight or resise to
corrosion is critical. [5, 7].

For an underwater pressure vessel in deep se

hydrostatic pressure induced buckling which terwsetduce
the structural performance of the vehicle. Furth@en a
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in one piece with composite materials.
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cylindrical structure generally experiences unstatlickling.
[7, 8].

Generally, high external pressure vessels such as
submarine structures have been manufactured ofgtighgth
steel, titanium and aluminum alloy. Large buoyanisy
required for the structural weight. Accordinglyethwveight-
sensitive structures are expected to reduce wéahfaster
and more efficient performance. It was observed the use
of composite materials for underwater vehicles caduce
their total weight and expand the depth of opemabecause
the reduced weight can allow for greater structural
reinforcement [7, 9, and 10].

In the present work, relatively thick-walled consjie
cylinders (radius to thickness ratio, R/t = 18.8r&vmodeled
by a filament winding process to reduce the madteaial
geometric imperfections for a high depth underwaehicle

been7]. The main objective of this paper is to invgate the

buckling, post buckling behavior and failure modé o
moderately thick-walled composite cylinders withrigas
winding angles under external hydrostatic pressiwe
underwater vehicle applications. The helical wigdamd hoop
reinforcement ([£30/90] FW, [£45/90] FW and [+60]90W)
were used for the composite cylinders.

TABLE |.DIMENSIONS OF COMPOSITE CYLINDERS.

ID stacking Length[mm Inner Thelical Thoop Tootal
sequence radious[mm] {mm] {mm] {mm]
FWT [£30/90]FW 695 15C 6.64 1.3¢ 8
30
FWT [+45/90]FW 69t 15C 6.64 1.3€ 8
45
FWT [£60/90]FW 69t 15C 6.64 1.3¢ 8
60
a,
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Fig (a). Fig (b).

Fig.1 (a) Schematic of a filament-wound composjtéender with flange (b) Dimension of the cylinder

Il. SPECIMEN MODELING Elastic E1 149 GPa
modulus

The specimens were manufactured by a filament windi
process using T 700—24 K carbon fiber and Biphemyte 7 109 GPa
epoxy resin. All of the cylinders have a 300-mm irgah
inner diameter, a 695-mm nominal axial length and@-anm E3 10¢€ GPz
nominal thickness (se€ig. 1). The cylinders have three
different winding angles [+30/ 90] FW, [+45/90] F\ahd BoISSonE 12 0.253
[£60/90] FW. The parameters £30, 45 and +60 dertlote ratio e T
helical winding angle, while 90 is the hoop windingor = ;

i ) : 023 0.421 -
creating the finite element model, ACQ%5], an in-house Siee: B i Pa
program, was used. The carbon composite cylindeeew | ' )
fabricated by a filament winding process and testerlwater G13 4.14 GPa
pressure  chamber. Two commercial  software’s G2< 3.31 Gpe
MSC.NASTRAN and MSC.MARC, were also used for
comparison of the buckling pressure and mode shépe.
nominal thickness of the hoop winding is 10% of tbtal . FINITE ELEMENT ANALYSIS
thickness. This value was chosen because it wasrdis Finite element analysis was conducted to predittonty

from the literature that best buckling pressures @tained  {he buckling loads but also the post buckling bésra¥ailure
when the hoop ratio does not exceed 50% of thel totgnalysis was performed using the in-house software
thickness. When the hoop ratio exceeds 50%, thedsls  AcOSwin, which makes possible nonlinear and prcives
become very weak with respect to static strengttpTl. In  fajlure analysis. The commercial programs MSC/NASKR
this present work the finite element model of CoBIf® (|inear analysis) and MSC/ MARC (nonlinear analysigre
pressure vessel is made by ANSYS 14.0 APDL, comialerc ysed to validate the buckling loads. The theorktica

finite element software. Three commercial f5°ftwareybackground for ACOSwin is given ifil3]. In the finite
MSC.NASTRAN and MS(_:.MARC and ACOS, an_|n-housee|emem models, four node elements, CQUAD4 in
program were used to validate the results. Thendglis have  \jsC NASTRAN and Element 75 in MSC.MARC, were used
a 300mm nominal inner diameter, 695mm nominal axialp |iterature. The ACOS program used an 8-node ratei
length and an 8 mm nominal thickness.The nominekitess  spe|| element that had 5 degrees of freedom at pad. In
of the hoop winding is 10% of the total ThicknesANSYS Ansys 14.0 APDL laminate shell element 8 node 28diriy 6
14.0 APDL a 3D shell element e]ement 8 node 281inga& degree of freedom at each node were used to préfict
degree of freedom at each node is used to redieateodel.  itical buckling pressure. For non-linear, postcking
behavior, progressive failure analysis was condlichy
TABLEII. MECHANICAL PROPERTIES. ACOS using complete unloading as the stiffness attagion
‘ Property ‘ Symbol Rule of mixture Unit ‘ met_hod [16, 17]. The sta_cking_sequerjce of diffeoexr_lnppsite
laminate with different orientation of fibers hdwsvn in fig.2.
The enlarge view of stacking sequence anddifferentposite
laminate with various thickness have been showrigr8.
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Fig.2 Layer stacking sequence of composite presassel [+45/90] FW.
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{a) FE model by ACOS win {b} FE model by ANSYS

Fig.3 (a) Finite element model by ACOS win. (b)itéirelement model by ANSYS APDL.

V. SIMULATION freedom can be restricted and at the right end tvitydegree
The composite structure that used in under wathicie of freedom has restricted (x direction & y direafipso that

application, only hydrostatic pressure will considdich can tr;e sys;tem ;V'Ill undergc;fonly %X'a.l dtchtJ.rmau?n. Thrte
apply redialy inward direction over the outer sogaf the element modeling, meshing and simulation of carepoxy

body.The equipment can apply pressures up to 10’Mpalcomposite filament wound pressure vessel have shiown

which is equal to the pressure at a depth of 108€emof ~ 19Ure 4.
water. At the left end of the composite cylinddrddgree of
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Fig 4(a). Fig 4(b).

Fig 4(c). Fig 4(d).

Figure 4. (a) Finite element model. (b) Meshed eho@) Buckling Mode shape. (d) Buckling Mode sh#pront view).

V. RESULTS AND DISCUSSION. the linear and nonlinear analysis results by MSCENRAN,
MSC/MARC and ACOSwin are presented. In ANSYS non-
linear buckling analysis has been done. Fig.5 desdrthe
different mode shape obtained by MSC/NASTRAN,
MSC/MARC, ACOSwin and Ansys 14.0 respectively. Here
[£45/90] FW specimenwas consider for the finite nedat
analysis.

The buckling analysis has done by Ansys APDL. I$ ha
observed that the result for critical buckling @od matched
with the existing experimental results. The figurase
describing the comparison study of the compositessure
vessels.Table 3 shows the experimental and firlikenent
buckling pressure. The ANSYS 14.0 APDL results a4 as
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Nastran Marc ACOS ANSYS 14.0
(Linear) (Nonlinear) (Nonlinear) (Nonlinear)

Figure 5. Buckling modes of the [+45/90] FW comiposylinder.

TABLE lIl. EXPERIMENTAL ANDFINITE ELEMENI BUCKLING PRESSURE (unit: Mpa).
Experimental Test 0.6C -
ANSYS 14.0 APDI 0.591 1t
MSC.NASTRAN 0.677 12.08
MSC.MARC 0.691 15.2
ACOSwin 0.671 11.€

Figure 6. Comparison of experimental and companaticritical buckling pressure obtained by diffarsoftware’s.
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Figure 7. Bar graph (a) experimental test resy)lt€sult obtained by Ansys (c) result obtained\lagtran (d) result obtained by Marc (e) result ivietd by
ACOSwin.
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VI. CONCLUSION.

The buckling behavior of moderately thick walled,
filament-wound, carbon—epoxy cylinders subjected to

N
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analysis. The different orientation of the compmsityers has
been taken [+45/90] FW. Analyses were conductedguie
finite element package ANSYS 14.0 APDL. Three énit

hydrostatic pressure was investigated. A total 9 ab
composite laminates has been considered for felgenent
Element 8 node 281 was used to create the findimeht

element

program ACOS win, MSC/NASTRAN and

MSC/MARC were used to validate the results. A shell

(7]

model. The ANSYS shell element model predicted the

buckling pressure with 1.5% deviation from the ottteee

finite element results and experimental results,t nol®l

considering the initial imperfections of the cylerd. The
results show that finite element analysis with kskkments
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