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Abstract

The compression resistance of dense triaxial weave carbon fiber composites was studied in
order to determine whether this weave is a viable addition to the weaves currently on the market. The
triaxial weave was hand woven at angles of 0 and £60°. To determine the properties of the weave, a
deflection test and compression test were performed on the composite samples. The deflection and
compression tests were performed using a closed drill chuck as a plug to initiate a failure mode in the
composite. It was found that the dense triaxial weave composites did not deflect as much as the biaxial
weave before losing structural integrity. However, it was also found that the dense triaxial weave
composites withstood on average over 50% more pressure before failing. This is most likely due to the
presence of the third layer of carbon fiber at any point in the weave. From the data, it can be concluded
that the dense triaxial weave is a viable addition to those weaves currently on the market, and that

further testing of the weave is warranted.
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1. Introduction

A carbon fiber composite is a material built from a resin matrix with carbon fiber reinforcement.
Carbon fiber composites are very strong, lightweight, and corrosion resistant. The use of carbon fiber
composites has grown substantially in the past few decades with better methods of constructing
composites and the need for a strong, lightweight material in several industries (Guo et al., 2010).
However, there are two major drawbacks to carbon fiber composites. Carbon fiber composites are
expensive to produce, and their properties not only hinder their shaping into products, but also make
the tools used to shape them wear quickly (Fuchs et al., 2008). Carbon fiber composites are brittle,
which increases the difficulty of repairs, as a broken part often needs replacement. For these reasons,
many have not found their way into mass-production cars; rather they have been limited to high-
performance sports cars and race cars, where cost is less important than performance. Within these
vehicles, the introduction of composite technology has increased the performance of the vehicles and
led to better safety for the passengers (Savage, 2010). The high performing vehicles move faster,
creating a harsher environment that the part must operate in. These extreme conditions that the parts
are exposed to cause them to wear quickly. Any reduction of wear in the composite parts will lead to

longer life and better efficiency of the part (Patnaik et al., 2010).

Because of the properties of carbon fiber composites, uses have been found in the building of
panels forthe exterior of vehicles, reinforcement for other materials, and in moving elements within a
vehicle. By substituting carbon composites for steel counterparts, it is possible to reduce the weight of
a vehicle. This weight reduction results in improved acceleration and deceleration, nimbler handling,
and improved fuel economy (Fuchs et al., 2008). However, joining these composites can be very
difficult, as they are brittle (Adamson et al., 2010). To join the parts, fasteners and/or adhesives are

used, but new methods such as melding, the curing of two partially-cured composites while joined, are
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being researched. These new joining methods allow composite parts to be bonded more efficiently, and

reduce stress on the part while joining (Adamson et al., 2010).

Many of the composite parts within a vehicle need to withstand high stress. Some of these
parts are part of or connected to the engine, and need to withstand high temperatures. Other
composites form the body panels of the car. These composites need to be resistant to erosion, and
need to be able to absorb large amounts of energy in the event of a crash. Some composite parts are

constantly rotating. These composites need to be resistant to shear, and also to high temperatures.

It has been found that composite materials work well in rotating elements in a vehicle because
of higher strength and reduced weight. The reduced weight lowers inertia, increasing the efficiency of
the part. Composite brake drums, a part of what is known as composite-ceramic brakes, resist wear
better than their steel counterparts, and are able to withstand higher brake pressure, improving brake
efficiency. Composite flywheels are also lighter and stronger than their metallic counterparts. This
allows the flywheel to store more energy (Ha et al., 2001), and in automobiles, the lighter flywheel has
less inertia, which increases power without changing the amount of fuel consumed. In order to safely
reduce the weight of the flywheels even further, the distribution of stress in the flywheel needs to be
known. By determining how stress is distributed throughout the flywheel, it is possible to improve the
flywheel while keeping the stress below unsafe levels (Ha et al., 2001). The driveshaft connects the
engine and the wheels, so reducing the weight of the driveshaft reduces inertial forces and improves
power transfer to the wheels. At high speeds, driveshafts must be able to resist lateral vibration. To
solve this problem, driveshafts are usually built as two pieces. However, carbon fiber composites have a
higher specific modulus, and can therefore be used to build a driveshaft that is one piece instead of two.
This can significantly reduce the mass of the driveshaft without any safety compromises (Kim et al.,

2005).
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All materials have a failure point. At this point, the material can no longer withstand the stress,
and breaks. The material can fail progressively, where it begins to deform and collapse as it breaks. The
material can also fail catastrophically, where it breaks in a way in which most, if not all, structural
integrity is permanently lost, such as excessive fracturing, splintering, and total collapse. The latter is
the more dangerous of the two types of failure. This is especially true concerning composite materials.
Many composite materials, especially carbon fiber composites, are brittle, and are more likely to fail
catastrophically than progressively. However, composites can be designed in a way that reduces the
tendency for these materials to fail catastrophically. For this reason, it is important to test all composite
materials to see how they fail and determine how to ensure that these materials fail progressively.
Through testing, it has been found that even a small change in the composition of the material can
change how the material resists stress and how it fails (Ghosh et al. 2011). High-velocity impact tests
can show how materials absorb energy from materials moving at high speed (Buitrago et al. 2010). This
is important for the automotive industry, especially in accidents on the highway and the racetrack. In
the automotive industry, failure of a material has even been used advantageously. One focus of current
research on composite materials is on using them to absorb energy in a crash by failing progressively.
Building composites in a way that causes them to fail progressively during a crash reduces the amount of
energy transferred, and therefore the force applied, to the passengers of a vehicle (Zhang et al. 2010).
One example of this is found in the use of composite nanotubes, which can absorb large amounts of

energy before failing progressively (McGregor et al. 2010).

Many different composite materials are already available on the market. Each material has to
be characterized so that its properties are known. This allows people to select a weave that works best
for the desired application. One way of doing this is by creating stress curves for materials. These show
how a material withstands stress up to a point, and then fails. Using several stress curve diagrams, a

general formula can be created to estimate the stress curve for a given material (Zhou et al. 2006).
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Minor changes to composite materials can drastically change their properties, further increasing the
need to characterize these materials. In one research experiment, changing the directional layout of the
composite’s layers and the thickness of the composite affected the durability of the composite (Lee et

al. 2005).

Because of their promise, many new types of composites are also being built. These are
characterized to determine if there are any applications that may benefit from the use of the new
method. With the introduction of new methods to create composites, existing composites are being
created using different methods to determine if there are any economic or structural benefits to the
new methods. These different methods each create a different composite material with different
properties. Therefore, some methods for creating composites will create a finished product that is
better suited for a specific application than composites created using other methods (Papargyris et al.
2008). In some cases, composites are created by adding particles or fibers to alloys to further improve
structural properties. In this case, most properties were improved, but some properties worsened. In
another case, a stronger, lighter composite was made using an aluminum alloy matrix at the cost of a
small decrease in tensile strength (Shalu et al. 2009). Due to the changing cost of carbon fiber and the
refinement of the methods used to create carbon fiber composites, many new carbon fiber composites
are being created. Research is being done, in addition to building new composites, on how carbon fiber
bonds to metal and resin matrixes. Different curing temperatures affected how the composites formed,

and therefore, their properties (Guo et al. 2010).

2. Research Objectives

The objective of this research is to determine the viability of a dense triaxial weave carbon fiber
composite. Most carbon composites are one of several biaxial weaves. A triaxial weave theoretically

should be more resistant to stress than a biaxial due to the shape of the unit cell. In a dense triaxial
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weave, there are three axes, so there are three layers of fibers along any point in the weave. A biaxial

weave has two axes, so there are two fibers at any point in the weave.

Fig. 1. Unit Cell of a biaxial weave (1x1 twill)

Fig. 2. Unit Cell of a dense triaxial weave

3. Methods

3k carbon fiber tow was selected for the experiment. The width of each fiber is 0.635 cm. The
carbon is cut into 10.16 cm long strips for weaving. As the experimental weave is difficult to

manufacture by machine, both the experimental and control samples were hand woven.

Fig. 3. A Biaxial composite sample
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The control samples were biaxial 1x1 twill weaves. Each control sample is six fibers across on
each side. To weave the sample, six fibers were laid parallel on a flat surface. Fibers were inserted
perpendicularly to the six fibers, with each fiber following the pattern of under one fiber and over the
next, or vice versa. Each fiber ran the pattern opposite of adjacent fibers. The total size of the biaxial

sample is a 3.81x3.81 cm square with 1.905 cm of unwoven fibers on each side.

Fig. 4. A Triaxial composite sample

The experimental samples are woven in a dense triaxial weave pattern. Each experimental
sample is five fibers across on each side. To weave the sample, a strand is woven over two strands of a
second axis and under a third strand of the second axis. The same strand is woven over one strand of
the third axis and then under two strands of the third axis. The weave was built using one strand from
each axis and then adding one to each direction until five strands were woven in each direction. The
total size of the experimental sample is a regular hexagon with 3.175 cm sides with roughly 2.286 cm of

unwoven fiber on each side.

Once the samples are woven, the epoxy is applied. In this experiment, West Systems 105 Epoxy
Resin and 205 Epoxy Hardener are used. Peel ply is placed on a flat surface. The first weave is placed on
the peel ply and wetted with the epoxy. The second layer is then placed on top and wetted. After this is

done, peel ply is used to cover the top of the epoxy. The peel ply is covered by a flat sheet of metal and



Rosen 10

a weight to spread the epoxy and push the air pockets out of the epoxy. After the curing is finished, the

peel ply is removed from the carbon.

4. Testing

The carbon fiber samples were subjected to two tests. The two tests, the deflection test and the
compression test, were selected because the ability of a composite to withstand compressive force is
heavily considered when using a flat piece of composite material in a structure or vehicle. The two tests
allow different aspects of the material’s resistance to compressive force to be observed. The deflection
test was designed to determine how far each sample bent before it failed. This gave a good picture of
the toughness of the material. The compression test measured how many pounds of pressure one could
apply to the sample before a catastrophic failure occur. This gave a good idea as to how much pressure

the sample withstood before it failed.

4.1 Deflection Test

Fig. 5. Setup for the deflection test
Fig. 6. Triaxial sample after a compression test

A drill press was used to apply pressure in a deformation test. The drill chuck was closed in
order to provide a flat surface 1.1 cm across to apply pressure with. The composite was placed on a

hollow metal cylinder with a 6 cm hole running through the length of the composite. Pressure was
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applied to a composite until it was deemed structurally unsound due to delamination or cracking. A
video camera with slow motion playback was used to determine how far the drill was lowered to the

nearest tenth of a centimeter.

4.2 Compression Test

A drill press was used to apply pressure in a compression test. The drill chuck was closed in
order to provide a flat surface 1.1 cm across to apply pressure with. The composite was placed on a
hollow metal cylinder with a 6 cm hole running through the length of the composite. The cylinder was
placed on a load sensor in order to determine how much pressure was being applied to a composite.
Pressure was applied to a composite until it was unable to withstand more pressure due to delamination
or cracking. Once the composite failed, the drill chuck pushed it into the hole in the cylinder, reducing
the pressure on the load sensor, and signaling the end of the test. A video camera with slow motion
playback was used to determine how much pressure was applied before the composite failed. Pressure

was measured in psi.
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5. Results

5.1 Deflection Test

Centimeters of Deflection Centimeters of Deflection
(CIEMED) (Triaxial)

1 0.635 0.47625

2 0.47625 0.47625

3 0.47625 0.396875

4 0.47625 0.396875

5 0.714375 0.396875

Average [0.555625 0.428625

Deflection

Table 1. Deflection test

Pressure was applied to the composite until it deformed to the point where it was
deemed structurally unsound, either due to fracturing or excessive buckling of the composite. Analysis
of the composites crushed in the deflection test shows that the biaxial composites tended to fail
because cracks began to propagate along one of the fiber axes and then spread along a 45° angle to the
fibers. These cracks were caused by the buckling of the composite under the load. The triaxial
composites failed by extensive cracking that began parallel to multiple axes but then propagated along

different axes. In the testing, the biaxial composite was able to deflect more than the triaxial composite.
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5.2 Compression Test

Stress Endured (Biaxial) Stress Endured (Triaxial)
1 40psi 290psi
2 110psi 280psi
3 90psi 210psi
4 200psi 120psi
5 170psi 180psi
Average | 122psi 216psi

Table 2. Compression Test

Pressure was applied to a composite until it was unable to withstand more pressure due to
delamination or cracking. Analysis of the compression test shows that the biaxial composite resisted
compression consistently until its limit, at which point the composite began to fracture along one of the
axes. Once the composite fractured, drill chuck was able to push the composite into the hollow cylinder,
which reduced the load on the load sensor.. Inthe case of the triaxial composite, the samples tended to
consistently resist compression until the compression reached a critical point. At this point, the
composite began to yield by buckling and cracking, which caused a reduction in compressive stress, but
it was still possible to increase the pressure onthe samples. Eventually, continual fracturing and
buckling caused the composite to succumb to the pressure and fail catastrophically. Once this
occurred, the material began to bend with little resistance to the drill chuck as it was lowered, so the
load applied to the sensor lessened. In this testing, the triaxial composite was able to resist significantly

larger amounts of force.
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6. Discussion and Conclusion

The compression of a dense triaxial weave carbon fiber composite as compared to that of a 1x1
twill biaxial carbon fiber composite has been studied. Analysis of the composites crushed in the
deflection test shows that the biaxial composites tended to buckle around the edges or crack parallel to
the fibers. As the load increased, the composite was unable to continue to bend to accommodate the
stress, and began to deform, buckling along an axis. This continued until cracking and the shape of the
composite signified that the composite had lost structural integrity. The triaxial composites began to fail
with fractures parallel to two of the axes. As the load increased, the samples were no longer able to
accommodate the load by deflecting, and began to fracture along two axes. This continued until the

composite was deemed to have lost structural integrity.

Analysis of the composites crushed in the deflection test shows that the biaxial composites
tended to fail because cracks began to propagate along one of the fiber axes and then spread along a
45° angle to the fibers. The triaxial composites failed by extensive cracking that began parallel to
multiple axes but then propagated along different axes. In the testing, the biaxial composite was able to

deflect more than the triaxial composite.

Analysis of the compression test shows that the biaxial composite resisted compression
consistently until its limit, at which point the composite began to fracture along one of the axes. Once
the composite fractured, drill chuck was able to push the composite into the hollow cylinder. In the case
of the triaxial composite, the samples tended to consistently resist compression until the compression
reached acritical point. At this point, the composite began to yield by buckling and cracking, which
caused a reduction in compressive stress, but it was still possible to increase the pressure on the

samples. Eventually, continual fracturing and buckling caused the composite to succumb to the
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pressure and fail catastrophically. In this testing, the triaxial composite was able to resist significantly

larger amounts of force.

The results are promising. However, several improvements are needed to improve the certainty
of the viability of the weave. In order to eliminate the effect of air bubbles and puddles of epoxy, a
vacuum bag should be used. The vacuum bag will prevent the creation of air pockets and epoxy puddles
during the curing process, which will improve the structural integrity of the composite samples. Larger
samples with thinner strands of carbon should be used to create a better comparison against machine-
woven biaxial weaves. Different tests need to be performed to see how the weave fares in tensile

strength tests, and the properties of a curved composite need to be tested.
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