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Finite Element Analysis of Glass/Carbon Hybrid
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Abstract

In recent years, due to the diversification of needs in industries, studies on
hybrid composites in which different fibers are used together have begun
to attract attention. In this study, Glass/Carbon interlayer hybrid composite
pipes made of glass and carbon fibers with different stacking sequences were
investigated by using the finite element analysis (FEA). Ansys was used for
the FEA. In the models created from eight layers, the thickness of each layer
1s 0.25 mm and the wall thickness of the composite pipes is 2 mm. In hybrid
composite samples, four layers of glass fiber and four layers of carbon fiber
were used. In addition to eight hybrid composite samples with different
stacking sequences, another two models consisting of pure glass fiber and
pure carbon fiber was designed as a reference sample. Unidirectional (UD)
glass fiber and UD carbon fibers were used when creating the models.
While creating the mesh structure on the models, it was checked whether
the skewness was within acceptable values. For this purpose, optimization
was made in the mesh structure size. While fixed support was applied to the
models from one end, tensile force was applied from the other end. Tsai-Wu
criterion was used in the FEA. It was concluded that the use of carbon fiber
in the inner layers of interlayer hybrid composites increased the strength.
Among the interlayer hybrid composites, approximately 25% increases in
maximum force were obtained with the change of the stacking sequence.

1. Introduction

Continuous fiber reinforced polymer matrix composites are frequently
used in high technology products thanks to their low weight and high
strength [1]. However, despite the high specific strength of carbon fiber,
its usage area may be limited because it is a very expensive material [2].
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On the other hand, glass fiber has lower strength than carbon fiber, but
it is a cheaper reinforcement element [3,4]. For this reason, studies on
hybrid composite structures in which difterent fiber types are used together
have gained momentum in recent years. Thus, while the cost will decrease
compared to the final product consisting only of carbon fiber, the loss in
specific strength will be lower compared to the final product consisting only

of glass fiber.

There are various hybridization methods in composites such as intralayer,
interlayer or woven [5-8]. In intralayer hybrid composites, difterent fibers
are used in the same layer. The same applies to woven hybrids. In interlayer
hybrid composites, different fiber structures are used in different layers.
Hybrid composite pipes can also be produced in a wide variety of shapes
using different production methods and different fiber reinforcements [9-
11]. The mechanical properties of interlayer hybrid composites may also
vary depending on the sequence. Since the mechanical properties of the
fibers are different, each fiber adds a different feature to the hybrid structure.
While glass fiber reinforcement has chemical resistance, heat and electrical
insulation, carbon fiber has higher load-carrying capacity, higher hardness
and fatigue resistance [12]. Telli et al. [13] examined the damage analysis
of hybrid Carbon/Glass-Epoxy pipe elbows under bending and pressure
loading. They noted that for a hybrid composite, the position of the plies
has a large impact on the behavior, especially on the resistance of the tubular
structure. Wang et al. [14] investigated the mechanical properties of fiber-
reinforced hybrid composite pipes in their study. They observed that the
innermost layer was exposed to the highest stress under axial tensile load.
They concluded that increasing the proportion of fibers with high modulus
of elasticity in the hybrid composite structure could improve the tensile
properties of these structures. The reason for this is that the effect on the
mechanical behavior of fiber-reinforced hybrid composite pipes is mainly
attributed to the axial tension of the fibers.

The aim of this study is to investigate the effect of glass/carbon fiber
stacking sequences under tensile load in hybrid composite pipes made of
glass and carbon fiber fibers. The behavior of interlayer hybrid composite
pipes with eight different stacking sequences under tensile load was examined
by the finite element method. In the hybrid structure consisting of a total
of eight layers, four layers of glass fiber and carbon fiber were used. In
addition, composite pipes consisting of pure glass and pure carbon fiber
were also analyzed for reference. Thus, hybrid structures were compared
and interpreted both with pure fiber reinforced composites and among
themselves.
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2. Materials and Method

In this study, the behavior of interlayer hybrid composite pipes under
tensile load was investigated by finite element analysis. Hybrid composite
pipes are modeled as shell elements in SpaceClaim. Next, the model was
transferred to the ACP (Pre) module in the Ansys. In the ACP (Pre) module,
the materials are defined for the model. Unidirectional carbon fiber/epoxy
and glass/epoxy were chosen as materials. Some properties of the selected
materials are given in Table 1.

Table 1. Some properties of the materials used in the analysis

Carbon Fiber Glass Fiber
Tensile Strength (MPa) 1632 780
Tensile Strain 0,0143 0,0244
Modulus of Elasticity (GPa) 123 35
Poisson’s Ratio 0,27 0,28
Shear Modulus (GPa) 5 4,7

After the selected materials were introduced to the model, the interlayer
hybrid structure of the pipe was created. The models are designed to have
eight layers in total. The designs and stacking sequence of the layers are
shown in Figures 1. The part shown in green in Figure 1b is the layers
of the section. The bottom layer in Figure lc shows the innermost layer
of the composite pipe, and the top layer shows the outermost layer. The
blue-colored layers represent the glass fiber layers, and the dark gray-colored
layers represent the carbon fiber layers. While samples 3-10 are composite
pipes between layers formed in various ways, samples 1 and 2 are reference
models consisting of only glass fiber and only carbon fiber, respectively.
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Figure 1. (a) design of inteviayer hybrid composite pipes, (b) cross-sectional view and (c)

layer sequences of the green aven in the cross-section and numbering of the models (Blue
color shows glass fiber layers, davk gray color shows carbon fiber layers)

The thickness of each layer is 0.25 mm, and the wall thickness of the
composite pipes is 2 mm. The outer diameter of the model is 20 mm, and
the length is 200 mm. The orientation of the unidirectional fibers is designed
in the direction of the force. The triangle method was chosen as the mesh
method. Improvements were made in the quality of the mesh structure,
considering the solution times over the mesh size. The model is fixed
supported at one end to prevent rotation and translation. From the other
end, tensile force was applied and support was applied against translation
(except in the direction of force) and rotation (see Figure 2). Models were
analyzed according to the Tsai-Wu damage criteria.

0,00 4000 80,00 (rmrr))
- )

20,00 60,00

Figuve 2. Loading and boundary conditions
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3. Results and Discussion

Before determining the behavior of composite pipes under tensile forces,
the quality of the mesh was checked, and improvements were made in the
mesh size, taking into account the analysis solution times. The skewness
values were examined to measure the quality of the mesh. Experimenting
with different mesh sizes is aimed to optimize the skewness value in the
skewness scale ranges of the Ansys program (see Figure 3). According to this
scale, skewness values of 0.94 and below are acceptable.

Skewness mesh metrics spectrum

Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00

Figure 3. Scaling of Ansys program showing network structuve quality due to skewness [15]

The effect of the mesh structures formed in different sizes of the composite
pipe model on the skewness is given in Figure 4. All the mesh structures of
various sizes created on the model are in the “very good” range according to
the scale in Figure 3. It has been observed that the mesh size gives the lowest
skewness for 3 mm and the values greater than 8 mm. Larger mesh sizes
were not preferred because they may cause convergence problems in the
analysis. When the mesh size decreased below 1 mm, it caught a downtrend.
However, the mesh structure created on the model with dimensions less
than 0.5 mm extends the analysis time considerably. Therefore, taking into
account the analysis times, it was decided that the most appropriate mesh
size was 3 mm. The highest skewness value finding is 0.27 in this mesh size.
According to the scale in Figure 3, this value is close to the lower limit of the
“very good” range.



128 | Finite Element Analysis of Glass/Carbon Hybrid Composite Pipes

0,5

o
e

Carpiklik
o
[S%]

=
(]

&
—

0 2 4 6 8 10 12
Ag Yapi Boyutu (mm)

Figuve 4. Change of maximum skewness depending on mesh structure size

Figure 5 shows the maximum forces that composite pipes can withstand
according to the Tsai-Wu criterion. As expected, the reference samples
consisting of only glass fiber and only carbon fiber were the samples with
the lowest and highest strengths, withstanding 46 kN and 98 kN forces,
respectively. The average of the maximum forces that the two reference
samples can withstand is shown in the figure with a straight blue line (72
kN). The remaining samples are interlayer hybrid composite samples, and all
of them use four layers of glass fiber and four layers of carbon fiber. In other
words, the use of expensive carbon fiber has been halved. When the results
were examined, it was seen that sample number 4 gave the highest value
of 86 kN among the interlayer hybrid composites. Following this, samples
8, 5 and 10 withstood forces of 80 kN, 78 kN and 76 kN, respectively.
When these samples are examined, it is seen that there is glass fiber in their
outermost layers. Sample number 4, which has the four glass fiber layers at
the outermost layers, had the highest strength among the mixed composites.
As the use of carbon fiber in the innermost layer increased, the maximum
force increased. In other words, as the use of glass fiber in the inner layers
increased, the maximum force decreased. The highest load that sample
number 3 could withstand was the lowest with 69 kN. Sample number 4
withstood 17 kN more load than sample number 3, just by changing the
stacking sequences. This value, which means approximately 25% more load,
shows how important the stacking sequences is, even though the usage of
glass and carbon fibers are the same.
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Figuve 5. Maximum force that composite pipes can withstand (Blue layers show glass
fiber, davk gray layers show carbon fiber)
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Sample no. 4 withstood an 87% higher force than sample no. 1, just by
converting 50% of the layers from glass fiber to carbon fiber. Although the
use of carbon fiber was halved compared to sample no. 2, sample no. 4 only
withstood a force approximately 12% lower than sample no. 2. Thus, while
the use of carbon fiber, which is much more expensive, was reduced by half,
there was only a 12% decrease in maximum force, but an 87% increase in
maximum force was achieved compared to the glass fiber sample alone.

4. Conclusions

In this study, the behavior of interlayer hybrid composite pipes under
tensile load was investigated. Fixed support was applied to the models from
one end and tensile force was applied from the other end. According to
the Tsai-Wu criterion, the highest forces it can withstand have been found.
In hybrid composites, the samples that withstood the highest forces were
the samples with glass fiber in the outermost layers. While the sample with
glass fibers in the outermost layers and carbon fibers in the innermost layers
withstood 87% higher force than the sample with all layers consisting of
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glass fibers, it could withstand only 12% lower force than the sample with all
layers composed of carbon fibers. Therefore, with mixed composites, greater
reductions in cost can be achieved with lower compromises in strength.
Among the interlayer hybrid composites, 25% increases in maximum force
were obtained with the effect of the stacking sequences. Thus, by simply
changing the stacking sequences of the fibers, higher forces resistance can be
achieved even using the same ratio of glass and carbon fiber.
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