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While the composite pipes and cylinders manufacture by filament wound system, there are
a lot of parameters that influence on the strength and mechanical behavior of them. This various
mechanical behavior causes various buckling behavior. One of the most important parameters
is winding pattern that have effects on critical buckling loads. So this parameter should be
controlled since it effects on mechanical behavior of pipes and cylinders. In the present work
the influence of winding patterns on the critical buckling load of filament wound pipes exposed
by pure axial loading have been studied. The studied specimens are Glass/Epoxy tubes with
[+55,-55]6 lay-up(diameter to thickness ratio d/t of 10 and length of 280mm). Parameters were
all considered to be consistent to investigate the effects of winding patterns there is just
difference in winding pattern between three the experimental specimens. The lay-up is the result
of classical theories. Love model and Galerkin’s method were used to provide buckling
equations and solve theoretically the resulted equation respectively. Although the results
illustrate that there is a difference, about 2-4 percent, in terms of critical buckling load between
disparate winding patterns, 16 unit cells winding pattern bears higher buckling load than other
patterns. Also the results show that no evident patterns influence on buckling modes of pipes.
Later, the maximum lateral buckling loads of the patterns are verified with experimental data.
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Introduction load has attracted the attention of many

researchers.
In ref. [1] the influence of parameters (e.g. the tow
In recent years, the application of fiber-reinforced tension) on the parameters (e.g. winding
composite laminates has increased in various bandwidth) has been studied. Cohen [2] used the
industrial design of experiment method to recognize the
Structures(e.g. piping and vessels) due to their applied tow tension during winding (winding
high stiffness and strength-to-weight ratios and the tension) to be the most important manufacturing
increase of shells properties by properly choosing parameter for the resulting mechanical properties.
the winding patterns to satisfy the desired Increasing this parameter caused a higher fiber
performances. The study of effect of impressive volume fraction and it’s a reason to increased
parameters on mechanical behavior and buckling strength of the filament wound pressure vessels.
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P.Martiny et 1. 2002,[3] investigated the effect of
filament winding tension on physical and
mechanical properties of glass-fiber reinforced
polymeric composites tubular. Their experimental
results show that Under fiber-dominated loading
conditions, higher winding tension leads to an
improved resistance against failure of tubular
components, whereas under matrix-dominated
loading failure is delayed by reduced fiber
tensioning. The effect of winding patterns on
buckling load of cylinders are studied by H-
Hernandez et 1. in 2007,[4]. They are considered
thin and thick cylinders (diameter to thickness
ratio d/h=25 and 10 respectively) that exposed to
external pressure. The experimental results of their
paper has been shown that winding patterns have a
negligible effect on buckling load. A Gharib et.al
2010 [5] used a genetic algorithm and neural
network models to find the maximum fundamental
frequency and  critical  buckling load,
simultaneously. Their study was performed for the
shell geometry with different sets of thickness to
radius and length to radius ratios.

In this paper, results from an experimental study
are presented [6]. The purpose is to investigate the
influence of the winding patterns on the critical
buckling load on tubular components. In this study
lay-up of [+55,-55]6 was chosen, which is
common in composite structures such as piping.
This lay-up governing from classical theories. The
investigation on mechanical properties was then
extended to the critical buckling load of structures
by using Love-type model and Galerkin’s method
respectively. The boundary condition was simply
supported and the applied load was pure axial.

Verification of theoretical model

Cylinders are produced are made of the helical-
winding pattern. The lay-up is [+55/-55]6 and 3
patterns of 8, 16 and 46 unit cells are made
respectively. with length, inner radius and the
thickness of 280mm, 30mm and 4.5mm
respectively [6].

Three different patterns considered namely CS8,
Cl16, C46, with degree of interweaving of,
respectively, 8, 16, and 46%.The unit cells of these
structures are presented in Fig. 1 (the patterns are
shown with a 450 winding angle instead of 550).
The details of process is shown in [6]

The volume fraction of fiber and void has shown
in table 1. The elastic properties of the tubes has
shown in Table 2.
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Tablel: fiber and void volume fracture and weight of
each pattern

Winding Void Fiber Fiber Density
patterns Fraction volume weight
% fraction% fraction%
Cs 2.26 69.70 81.07 2.097
Cie 1.97 69.74 80.92 2.101
Cus 2.50 69.80 81.33 2.096

Table 2: Mechanical properties
of patterns

Winding Ei1(Gpa) | Exn(Gpa) Via
patterns
Cs 24.1 345 0.30
Cis 24 342 0.32
Cys 243 349 031

For each pattern the stiffness matrix (Q), was
obtained using formula below:
F,
0, = =
lfUusz
_ Uk,

= (1)
I—=0,0s5

=12

E,
0, = =

1-v,0,

O = Gy

And the transformed reduced stiffness matrix Q,
was illustrated as:
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The results of stiffness matrix, reduced stiffness
matrix are shown in table 3 and 4 respectively.

Table 3. Stiffness matrix for each pattern(Gpa)

Qu Q2 Qi Qa1 Qa Qs Qs Qa Qs3

Ce | 280 | 129 0 129 | 403 0 0 0 8.18
Cis | 281 12.8 0 12.8 | 40.0 0 0 0 9.09
Cys | 281 12,5 0 12.5 | 404 0 0 0 8.40
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Table 4: reduced stiffness matrix for laminas(Gpa) Table 5: A, B and D component
455 Q_ll 51! 613 631 621 Q_B 631 53! Q_B
Cg 33 142 -3.6 142 29 -1.9 =36 | -1.9 10.5 E
AE = H = i =
Cw | 34 | 141 | 3.3 | 141 | 31 | -23 | -3.3 | -2.3 | 104 g -5'= .E ,E P ¥ ,:._- , & | = I,
Cus 32 14.7 -3.8 14.7 30 -2.0 -3.8 | 2.0 10.6 B
-55
Csg 33 14.2 3.6 14.2 29 1.9 3.67 | 1.94 | 10.56 " e
. - -
Cig | 35 | 1417 | 3.30 | 1417 | 31 | 23 | 3.30 | 231 | 10.44 U O I R B rl =Y =
Cas | 32 | 1474 | 3.68 | 1474 | 30 2.0 | 3.87 | 2.09 | 10.60 o '
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thickness of each layer and i,j=1, 2, 3 and n is at | - i | )
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Governing equations:
In the classical shell theory, the displacements of a o
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The reference coordinate system for this model is
presented in Figure 2.

To satisfy simply supported boundary conditions
for buckling deformation we assumed solution in
the form of:

mmx

1, = Acos( L ).sin(nd)
v, = Bsin( mz-x)‘COS(HQ) (6)
w= Csin(22).sin(nd)

A, B and C are unknown constant, m and 2n are
axial and circumferential half-waves numbers
respectively.

Equilibrium equations for uniaxial compression
have been written in final step. Subscript 1 refers
to change value during the buckling [7].

Ny + l 0N -0

o a 00
A7 W 7 A A2
lc“:\]m + 0N,y _l‘;ﬂ{xal +i, ("11/‘['% +N,, C V:n =0(7)
add o a & a 00 ook’
2 A2 2 ; Az
oM, +gc Mx61+L@ M, +N—61+N ow, 0

o ) x0 2
' a 00 & 86" a o

The subscript s refer to in-plane shear of x and e
plane. According to Love-type transfer shear

deformation for% < 1isnegligible. It means 1y, =
Ty = 0
The buckling equations seek from 1, 2 and 3

equations and Love-type model. They are written
in form of:

kn klz k]s u, 0

k21 kzz kz,% L [Ol (8)
0

ky ky o kg ]lw

Each component of K matrix has a particular
definition. K matrix has been written in .

Galerkin’s method:

Equation 6 is zero due to boundary conditions. It
has to be zero at each point of cylinder. The
Galerkin’s mathematics law expresses that:

j SUTKUdv =0 ()

SU" = (Su,, 5v,, Sw)
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We seek following equation after obtain the
integral:
T matrix is defined by:
After solving equations above seek the solution in
form of:
Det(T)=0 (10)
That T is a matrix. Each of components of T matrix
are expressed as:
[=Ag (/LY +A . (n/a)’
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[.=Tu
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ma'L)y(n axn:-?\’\...{z11:r Ly

Results

After solving the equation (10), Results of this
equation provides in table 6. In this table for each
of patterns observe critical buckling load and
buckling moods. This table shows moods and
buckling loads up to third moods. After third mood
the results are very big and they can’t be critical
buckling loads. Nxcis the critical buckling load.

Table 6: result of buckling load

pattern Cs Cis Cas (m,n)

Ny(Mpa) 765.4 791.2 765.4 (1,1)

In fig 3. The axial and circumferential moods have
shown.
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Conclusion

Table 1 shows the results of equation(7).Second
pattern has shown greater buckling load in
compared with the other patterns. Compared to
third pattern, second pattern almost shows 4
percent resist on buckling load. This pattern also
shows 2 percent resist on buckling load in
compared with first pattern. Buckling moods were
same for each pattern.

This study confirms results of [4]. In this study
cylinders were under external pressure and the
experimental results In this paper had shown that
winding patterns have a negligible effect on
buckling loads. The maximum difference between
each patterns in this study is 7 percent. Also in this
paper buckling moods appears on first and third for
axial and circumferential respectively.
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Fig. 1. Degree of weaving and unit cells of
experimental structures.

Fig 3: axial and circumferential moods
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