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Abstract— There is a high demand of hinge bracket for aircraft
spoilers from metallic to composite materials in aircraft
industries. Therefore, new fabrications process studies to replace
the current process. Moreover, the current fabrication processes
are of tooling and production are expensive as well as high
testing cost. Thus, studies present the effect of different number
and orientation of woven carbon fiber layers in laminated
composites (CFRP) system in mechanical properties. The
composites were fabricated based on eight plies, 16 plies, 24 piles
and 32 plies of woven carbon fiber layers. The same orientation
of woven carbon fiber layer was fabricated using two different
processes which are Resin Transfer Moulding Process (RTM)
and Vacuum Infusion Process (VIP). The composites fabricated
using both processes undergo tensile test and flexural test to
evaluate the effect of different process fabricating the composites
with a different number of woven carbon fiber layers. Based on
the results, the best properties of composites based on the
different fabricated process and number of woven carbon fiber
layers can be proposed to replace the manufacturing process for
hinge bracket for aircraft spoilers were obtained. The result
from the experiment shows that 8CF/EP composites fabricated
using VIP have 10.6 % higher in specific strength obtained from
tensile test and 64.4 % higher in specific strength obtained from
the flexural test. From this results of this study indicate that the
composites with 8 plies of carbon fiber fabricated using VIP has
a good tensile and flexural strength compared to composites
fabricated using RTM and other different plies of carbon in the
composite.

Index Term— different processes, carbon fiber reinforced
plastic, resin transfer moulding, vacuum infusion process,
mechanical properties.

I. INTRODUCTION

Nowadays, composites are broadly applied in different
fields, for example, aviation structures, and automotive parts.
However, aeronautics industries require a high volume of
composite production, which is the disadvantages of this
procedure which requires high tooling cost and low flexibility
to design changes. In aviation industries demonstrates high
tech demand for composite manufacturing. The interest of
composite materials in aircraft structures comes from the
action to reduce fuel consumption in the commercial airlines
such as Airbus and Boeing both have been challenged to
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increase their usage of composite materials in their aircraft [1].
The performance of an aircraft mainly depends on the
lightweight of component, so the design of an aircraft is
impacted by the interaction of its functional necessity and its
basic strength, stiffness, and life requirements.

There is a limitation for doing a smart design using metals,
so to meet the requirements a better performing material
which is composites material called carbon fiber reinforced
plastic (CFRP) is explored for the usage in aircraft part [2].
Besides, currently, most of the existing aircraft parts are made
of metals. According to [3] the global objective is to reduce to
half the amount of fuel by 2020 and at least 70 % less by 2025
concerning the Boeing 777, which is one of the most efficient
aircraft entirely made by carbon fiber. In aerospace industries
requires high volume production, the compression moulding
process produces low-cost parts but requires a high capital
investment in presses, infrastructure, and tooling. Moreover,
well-known limitations of synthetic fibers such as Kevlar,
glass, and carbon to degrade upon disposal as well as high
processing cost and harmful to the environment, has emerged
natural fibers as a cost-effective substitute for synthetic fibers.
However, one of the major drawbacks of natural fibers
reinforced composites is their low impact strength compared
to the synthetic fibers reinforced composites [4-7].

Composite is made of a combination of two or more
materials which each of it has different properties. For an
instance, it is considerably differs in physical and chemical
properties which makes the material with appearances
different from the individual components [12]. Reinforced
Plastics or FRP is one of the composite materials that have
many advantages [11]. Due to its advantages, the FRP is
occasionally applied in the transportation which requires
lightweight material to save fuel consumption and
improvement in acceleration. The primary manufacturing
process to produce composites includes manual lay-up, spray-
up, filament winding, pultrusion, autoclave, and resin transfer
moulding. Autoclave process is widely used in aircraft
industries due to the requirement of a high volume of
composite production. The drawback of this process it that it’s
requires high tooling cost and low flexibility to design
changes. To overcome this problem, resin transfer moulding
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and vacuum infusion process are the two processes that will
be investigate and reviewed. The main objective for the RTM
and VIP testing is to compare the strength of the carbon fiber
laminate fabrication using the RTM and VIP process and to
study the effect of different numbers of carbon fiber layer in
laminate composite system on both tensile and flexural test
performance.

RTM is a process which has a lot of advantages such as low
tooling cost, good dimensional tolerances, possibility to
mould high complex shape, and have a good surface finish on
both sides of composites part. RTM moulding has proved to a
viable and competitive technique for fabrication of large,
complex and high-performance FRP composite materials [8],
[13]. RTM process involves five important components which
are resin and catalyst container, pumping unit, mixing
chamber, resin injector, and mould.

VIP is a process that uses vacuum pressure to flow resin
into a laminate. The material or the reinforcement are placed
in the mould and the vacuum is connected before the resin is
inserted. Once the vacuum completely achieved, the resin
flow through the positioned tubing will automatically be
sucked up into the laminate [10-9], [14].

Il. METHODOLOGY

A study was conducted on the carbon fiber laminate
composite manufacture. The detail of the process set up is
included with the mould preparation, specimen preparation
and experiment testing. During the testing, all the specimens
were prepared using two processes, which are RTM and VIP.
The binder material used in fabrication to laminate the carbon
composite specimen is resin and hardener (standard epoxy
system resins).

Two types of mechanical testing will be conducted in the
experiment. The two mechanical testing’s are tensile test, and
flexural test followed by morphological analysis. The tensile
test is conducted by SHIMADZU testing machine, while
flexural test is conducted by INSTRON testing machine.
Scanning electron microscope (SME) are used for the
morphological analysis. Five samples were used in this
experiment, and the detailed of the thickness of each type of
layers of tensile and flexural tests are as given in Table 1.

TABLEI
THICKNESS OF THE SPECIMEN FOR TENSILE AND FLEXURAL TEST

Test Tensile Test Flexural Test

Specimen Thickness (mm) Thickness (mm)
RTM VIP RTM VIP

1CF/EP 1.80 0.39 1.90 1.40
8CF/EP 2.79 2.65 2.90 1.95
16CF/EP 4.82 5.10 5.10 4.24
24CF/EP 7.33 7.50 7.30 6.33
32CF/EP 9.83 10.04 9.70 8.39

A. Tensile Testing

Tensile test is a mechanical test which is often used to
identify the mechanical properties of the materials. The
strength of the materials usually are the primary concern. For
this test, five specimens according to ASTM D 3039 were cut
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from each RTM and VIP specimens using the SHIMADZU
testing machine as shown in Figure 1. The samples were left
to break until the ultimate tensile strength occurs.

Specimen

—
- A

Figj. 1 Tensile Eest using SHIMADZU testing machine.

The tensile test was conducted by the SHIMADZU testing
machine with crosshead speed testing of 2 mm/min and
maximum load of 100 kN. The specimen will be holding in
perpendicular to the applied load and placed in the grips of the
test machine at a specific grip separation and pulled until
failure.

B. Flexural Testing

Flexural test measures the force required to bend a beam
under three point loading conditions. Flexural modulus is used
as an indication of a material’s stiffness when flexed. In this
test, all the sample prepared according to ASTM D 7264.

Specimen

Fig.. 2. Fléxural fest using INSTRON testing machine

Flexural test was conducted by INSTRON testing machine
as shown in Figure 2, with crosshead speed testing of 2
mm/min and maximum load of 100 kN. The specimen was
placed on two supported stage and a load was applied with a
certain length of support span based on the thickness of each
specimen type.
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C. Morphological Analysis

The microstructure of the tested specimen was assessed
using scanning electron microscopy (SEM) model as shown in
Figure 3. The SEM machine was used for the morphological
testing in order to analysed and study the damage specimen’s
behaviour of carbon laminate composites. Other than that, this
machine is also used to conduct and explore the nature
bonding of the fiber and the matrix.

Fig. 3. Morphological test using SEM testing machine

I1l. RESULTS AND DISCUSSION

A. Effect of Tensile Strength and Flexural on Laminate
Composites Fabricated by using RTM Process

Figure 4 to Figure 7 shows the results of the effect of
tensile strength and flexural strength on laminated composite
fabricated by using RTM process.

The graph shows in Figure 4 and Figure 5 are the results
obtained based on the experiment conducted on the tensile
strength by using the RTM process. Based on the graph in
Figure 4, the highest value of ultimate tensile strength of
carbon fiber laminate composite fabricated using RTM
process is 386.30 MPa which is at VIP 16CF/EP, while the
tensile strength is at its lowest strength to 140.97 MPa when
the carbon fiber layer is at VIP 1CF/EP. For the graph shown
in Figure 5, is the specific strength results and the condition of
the composite fabricated using the RTM process on tensile
test. Based on the results, it is shown that at RTM 8CF/EP, the
composite is at its highest strength among other composites
which is 16.32 MPa/g. The carbon fiber laminate fabricated
hit its lowest strength to 3.62 MPa/g when the carbon layer is
at VIP 32CF/EP.

Compare to the graph shown in Figure 6 and Figure 7 are
the results obtained based on the experiment conducted on the
flexural strength by using the RTM process. Based on the
graph in Figure 6, the highest value of ultimate flexural
strength of carbon fiber laminate composite fabricated using
RTM process is 231.31 MPa which is at RTM 8CF/EP, while
the flexural strength is at its lowest strength to 89.44 MPa
when the carbon fiber layer is at RTM 1CF/EP. For the graph
shown in Figure 7, is the specific strength results and the
condition of the composite fabricated using the RTM process
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on flexural test. Based on the results, it is shown that at RTM
1CF/EP, the composite is at its highest strength among other
composites which is 65.50 MPa/g. The carbon fiber laminate
fabricated hit its lowest strength to 5.07 MPa/g when the
carbon layer is at RTM 32CF/EP.
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Fig. 5. Specific strength of carbon fiber laminate fabricated using RTM
process on flexural strength
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Fig. 6. Flexural strength of carbon fiber laminate fabricated using RTM
process
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Fig. 7. Specific strength of carbon fiber laminate fabricated using RTM
process on flexural strength

B. Effect of Tensile strength and Flexural on Laminated
Composites Fabricated by using VIP Process

Figure 8 until Figure 11 shows the results of the effect of
tensile strength and flexural strength on laminated composite
fabricated by using VIP process.

The graph shows in Figure 8 and Figure 9 are the results
obtained based on the experiment conducted on the tensile
strength by using the VIP process. Based on the graph in
Figure 8, the highest value of ultimate tensile strength of
carbon fiber laminate composite fabricated using VIP process
is 252.18 MPa which is at VIP 1CF/EP, while the tensile
strength is at its lowest strength to 74.26 MPa when the
carbon fiber layer is at VIP 32CF/EP. For the graph shown in
Figure 9, is the specific strength results and the condition of
the composite fabricated using the VIP process on tensile test.
Based on the results, it is shown that at VIP 1CF/EP, the
composite is at its highest strength among other composites
which is 164 MPa/g. The carbon fiber laminate fabricated hit
its lowest strength to 1.62 MPa/g when the carbon layer is at
VIP 32CF/EP.

Compare to the graph shown in Figure 10 and Figure 11 are
the results obtained based on the experiment conducted on the
flexural strength by using the VIP process. Based on the graph
in Figure 10, the highest value of ultimate flexural strength of
carbon fiber laminate composite fabricated using VIP process
is 281.41 MPa which is at VIP 8CF/EP, while the flexural
strength is at its lowest strength to 89.44 MPa when the
carbon fiber layer is at VIP 1CF/EP. For the graph shown in
Figure 11, is the specific strength results and the condition of
the composite fabricated using the VIP process on flexural
test. Based on the results, it is shown that at VIP 8CF/EP, the
composite is at its highest strength among other composites
which is 81.53 MPa/g. The carbon fiber laminate fabricated
hit its lowest strength to 2.97 MPa/g when the carbon layer is
at VIP 32CF/EP.
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Fig. 8. Ultimate tensile strength of carbon fiber laminate fabricated using

VIP process
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Fig. 9. Specific strength of carbon fiber laminate fabricated using VIP
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C. SEM Analysis

The composite made of RTM technique reveals that the
matrix and fibre are well-adhered as shown in Figure 12.
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Fig. 12. SEM image on composite made of RTM technique on tensile test

The image shows fewer voids and reduced pull-outs on the
fractured surface. The smooth surface of the resin rich region
found on the image indicated that the absence of crack
propagation contributed to a better material. Figure 13 shows
the image on composite made of RTM technique base on
flexural test.

Fig. 13. SEM Image on Composite Made of RTM Technique on Flexural
Test

From the SEM analysis in Figure 13, the left over debris
found on the composite are due to the shearing between fibre
and matrix during the failure of the composite. The fibres
were delaminated from the matrix during the breakage of the
composites
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IV. CONCLUSIONS

The results obtained from this study have reported on the
mechanical properties of the carbon fiber-reinforced
composite by using two fabrication processes, which is the
RTM process and VIP process. The results from tensile
strength show that the higher number of carbon fiber layer in
each composite did not give higher strength of the composite.
It is found that the 16CF/EP composites fabricated by RTM
are the highest tensile strength compared from both
composites fabricated by RTM and VIP. While the flexural
strength results show that the composites fabricated using VIP,
which is VIP 8CF/EP composites has the highest flexural
strength compared to composites fabricated using RTM.
However, specific strength obtained from tensile test and
flexural strength for composites both processes summarized
that composites fabricated using VIP has the best results
compared to RTM. Such observations are possibly due to the
brittle nature of the matrix. Moreover, RTM has an excellent
surface finish on both sides and this process is high
repeatability in production cycles compared to the vacuum
infusion process. However, based on mechanical properties
obtained from this research, VIP produced the best specific
strength on tensile and flexural tests.
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