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Abstract—Composites are replacing metal parts in the present
manufacturing sector. The demand for higher strength and low
weight components is required in almost all aspects of the
production to improve the efficiency of automobile and aerospace
vehicles. Carbon fibre reinforced polymer composite has been
gaining importance due to its unique mechanical properties and
high resistance to corrosion and environmental conditions. The
property of carbon fibre reinforced polymer depends on various
factors, including the orientation layers of fabric stacked to form
a laminate. In this work, different orientations of 0/90° and
0/+45/-45/90° quasi-isotropic symmetric orientation was followed
for fabricating uni-directional carbon fibre reinforced polymer
composite by using 16 layers of carbon fabric. The mechanical
properties such as flexural, interlaminar shear strength, impact,
and hardness of composites were determined. Composite
fabricated with quasi-isotropic symmetric orientation showed
maximum improvement in mechanical properties with 2.83%
and 1.52% increase in flexural strength and modulus, 1.38% for
interlaminar shear stress, 1.13% for impact, and 1.58%
improvement in hardness.
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I INTRODUCTION
The word composite became familiar in the 1960s as the
demand grew for high strength with lightweight materials [1].
Various types of composites are heavily used in different types
of industries such as aerospace, marine, automobile, and
satellite applications [2-4]. The commonly used composites
include glass fibre reinforced polymer (GFRP), carbon fibre
reinforced polymer (CFRP), aramid fibre, and Kevlar fibre used
in bulletproof jackets [5,6]. Among the various composites,
carbon fibre has been the most efficient and highly application-
oriented composite material as they have high strength-to-
weight properties. They are used maximum in the aerospace
industry and satellite applications. An aircraft structure is built
using composite material, as shown in Fig. 1.
Boeing and airbus have shifted from metals to composite
materials to reduce their aircraft weight and improve fuel
efficiency. Boeing 767 consists of 30% of its external surface
composed of composites. Boeing uses CFRP for the
construction of fuselage [7].
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Fig. 1. Application of various composites in the construction of airbus [1]

Carbon fibre reinforced polymer is a combination of carbon
fibre and a thermoset matrix. Carbon fibre acts as a
reinforcement, whereas the thermoset matrix act as a load
distribution component. Uni-directional (UD) carbon fibre is
used highly instead of bidirectional (BD) in the construction of
an aerospace structure as the mechanical properties obtained
are higher in the case of uni-directional carbon fibre reinforced
polymer composites[8]. In addition to enhancing the
mechanical properties, the orientation of placing the uni-
directional carbon fibre play an essential role in obtaining the
maximum mechanical properties.

In this research work, mechanical properties such as flexural,
interlaminar shear stress, hardness, and fracture toughness has
been studied for UD-CFRP composites with two different
orientations. UD-CFRP composite was prepared by using
carbon fibre as reinforcement and epoxy resin as a polymer
matrix. Two different orientations (0/90°) and (0/+45/-45/90°)
are followed to determine the enhancement of various
mechanical properties.

Il. EXPERIMENTAL WORK

A. Fabrication of composites

Uni-directional carbon fibre with 200 GSM, type 3K and
Bisphenol-A resin with amine-based hardener were procured
from Bhor Chemical and Plastics Pvt. Limited. The resin to
hardener ratio as supplied by the manufacturer was 100:30.
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Uni-directional carbon material was cut into the orientation of
0°, 90°, 45° and -45°, as shown in Fig. 2. The quasi-isotropic
symmetric orientation was followed for fabricating the
composites.

e

ig. 2. Cuttir{gof carbon fibre fabric into 45° orientation

Composites were prepared using the mild steel mould of
250 mm x 250 mm x 6 mm (i.e., length, width and height). Two
CFRP composites were prepared using the hand lay-up method
with 16 layers having a (0/90°) fibre orientation and (0°/+45°/-
45°/90°) quasi-isotropic symmetric orientation. The thickness
of the composite obtained was 3 mm. The hand lay-up method
is represented in Fig. 3. After the hand lay-up operation, the
stacked fibers were compressed using compression molding,
and the room temperature curing was followed for 24 h.
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Fig. 3. Hand lay-up method

I1l. MECHANICAL PROPERTIES

Mechanical properties such as flexural strength,
interlaminar shear strength (ILSS), impact test, and hardness
for CFRP 3 mm and 6 mm thickness composite are determined
based on ASTM standards. The fabricated composites were cut
using CNC abrasive water jet cutting. All the tests were
performed at room temperature 25 °C at an average relative
humidity of 30%. Table 1. represents different ASTM standards
followed.

Table 1. Different tests performed based on ASTM
standards

Test ASTM Standards
Flexural test ASTM D7264 [9]

ILSS test ASTM D2344 [10]
Impact test 1SO 179 [11]
Hardness ASTM D2583 [12]

A. Flexural test

A flexural test was done to quantify the flexural strength
and modulus of the CFRP composite. Flexural samples were
cut according to ASTM D7264 with a span to thickness ratio of
32:1. The flexural test was determined using the universal
testing machine (UTM), as shown in Fig. 4. Based on ASTM
standards, the flexural strength and flexural modulus were
calculated. A total of five samples were tested as per ASTM
standards, and the average load value was considered for
calculating flexural strength.
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"Fig. 4. Flexural test performed on UTM

B. Interlaminar shear strength test

The samples were cut using abrasive water jet cutting
based on ASTM D2344 standards to perform the
interlaminar shear test. Fig. 5. represents the UTM used for
determining ILSS. ILSS is the most important parameter
associated with delamination damage mode. Stresses
developed between the interface of two adjacent layers are
termed inter-laminar shear stress. As the stress intensity
increases, the failure between laminar takes place.
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Fig. 5. ILSS testing using UTM

C. Impact test

A Charpy impact test was performed. Specimen dimensions
were cut according to 1SO-179. Charpy test was performed
using impact tester as shown in Fig. 6.
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Fig. 6. Impact tester

D. Hardness test

The barcol hardness test was performed per ASTM
standards D2583 to determine the barcol hardness number. The
barcol hardness test was performed using the barcol indenter,
as shown in Fig. 7. The specimen were cut into dimensions of
30x30 mm2,

Fig. 7. Barcol hardness tester

IV. RESULTS AND DISCUSSIONS
Mechanical properties were determined as per the ASTM
standards, and the standard testing types of equipment were
used for experimenting, as mentioned in the above section. In
this section, the different results obtained are discussed and
reported.

A. Flexural behavior of composites

Flexural property determines the flexibility of a material
under different load conditions. Flexural strength determines
the materials having brittle properties and high hardness.
Similarly, flexural modulus indicates the stiffness of the
composite materials. Three-point bending test was performed
using UTM, and the flexural strength and flexural modulus
were calculated using Eqn. 1 and 2.

3Pmax L
Flexural strength, O = ————— (MPa 1
g F 2? hZ (MPa)
Flexural modulus, E. = GPa 2
F 4bh2( )

Fig. 8. represents the bar graph of flexural strength for
different orientations, whereas Fig. 9. represents the flexural
modulus of the composites. The maximum flexural strength
and modulus were noted for composite fabricated with quasi-
isotropic  symmetric orientation. 2.83% and 1.52%
improvement was noted in flexural properties for quasi-
isotropic symmetric orientation.
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Fig. 8. Flexural strength of composite
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Fig. 9. Flexural modulus of the composite

B. Interlaminar shear strength property

Interlaminar shear stress is defined as the stress between
two adjacent laminas. It represents the measure of composite
resistance to delamination under shear forces parallel to the
layers. Due to the stresses developed, relative deformation
occurs; with the increase in deformation, the failure occurs
between the laminated layers, causing the failure of the

composite.

Specimen length = Thicknessx6 3

Specimen width = Thicknessx2 4

Interlaminar shear strength was calculated from Eqgn. 5.
ILSS o35 = 0.75 X -2 (MPa) 5

where P, — maximum load at the failure (N)
b- measured specimen width (mm)
h- the measured thickness (mm)

Interlaminar shear strength (MPa)
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Fig. 10. Interlaminar shear strength of composite

The interaction of individual intra-laminar failure modes,
particularly fibre fracture, depends heavily on loading direction
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concerning fibre orientation. The quasi-isotropic orientation
composite showed a maximum improvement of 1.38% in inter
laminar shear strength, as shown in Fig. 10.

C. Fracture toughness of composites

Impact strength of the composites were calculated by
the eqn. 6. Charpy test was performed using an impact tester.
Impact strength = absorbed energy/ cross-sectional area (kJ/m?) 6
In a laminate, the impact damage mechanism is a complicated
process. It is caused by matrix cracking, surface buckling,
delamination, fibre shear-out, fibre fracture, and several other factors.
1.13% improvement in fracture toughness for quasi-isotropic
symmetric orientation, as shown in Fig. 11.
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Fig. 11. Impact strength of composite

D. Hardness of composites

Hardness measures the plastic deformation that a material
experiences when subjected to external stresses. As a result of
the increased resistance to plastic deformation, fibre
reinforcement increases the material's hardness. According to
the findings of this study, the hardness values reached their
maximum for the quasi-isotropic symmetric orientation. The
1.58% enhancement in hardness was observed, as represented
in Fig. 12.
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Fig. 12. Hardness number of composite

V. CONCLUSIONS
This study aimed to examine the flexural, interlaminar shear
strength, impact behavior, and hardness of uni-directional
CFRP composites at 0/90° and 0/45/-45/90° orientations. Based
on the experiment results, the following conclusions are drawn;

1. Fibre orientation has a significant impact on the
mechanical properties of CFRP composites.

2. 0/45/-45/90° orientation gave maximum results in
enhancing the mechanical properties compared to
0/90° fibre orientation.

3. Theimprovement in flexural strength and modulus
are 2.83% and 1.52%.

4. A maximum of 1.38% enhancement for
interlaminar shear stress was obtained.

5. Anenhancement of 1.13% for impact strength and
1.58% improvement in hardness is obtained for the
quasi-isotropic symmetric orientation.

REFERENCES

[1]  Soutis C. Carbon fiber reinforced plastics in aircraft construction. Mater
Sci Eng A 2005;412:171-6.
https://doi.org/10.1016/j.msea.2005.08.064.

[2]  Friedrich K, Almajid AA. Manufacturing aspects of advanced polymer
composites for automotive applications. Appl Compos Mater
2013;20:107-28. https://doi.org/10.1007/s10443-012-9258-7.

[3] Guadagnini M. Mechanics of Composite Materials: Preface. vol. 44.
CRC press; 2008. https://doi.org/10.1007/s11029-008-9011-3.

[4] Mazinova I, Florian P. Materials selection in mechanical design. Lect
Notes Mech Eng 2014;16:145-53. https://doi.org/10.1007/978-3-319-
05203-8_21.

[5] Stanly Jayaprakash, J., Priyadarsini, M.J.P., Parameshachari, B.D.,
Karimi, H.R. and Gurumoorthy, S., 2022. Deep Q-Network with
Reinforcement Learning for Fault Detection in Cyber-Physical
Systems. Journal of Circuits, Systems and Computers, 31(09),
p.2250158.

[6] Tsekmes 1A, Kochetov R, Morshuis PHF, Smit JJ. Thermal
conductivity of polymeric composites: A review. Proc. IEEE Int. Conf.
Solid Dielectr. ICSD, IEEE; 2013, p. 678-81.
https://doi.org/10.1109/1CSD.2013.6619698.

[7]  Jones RM. Mechanics of composite materials. CRC press; 1998.

[8] Vanaja A, Rao R. Fibre fraction effects on thermal degradation
behaviour of GFRP, CFRP and hybrid composites. J Reinf Plast
Compos 2002;21:1389-98.

[9] https://www.astm.org/Standards/D7264

[10] https://www.astm.org/Standards/D2344

[11] https://www.iso.org/obp/ui/#iso:std:iso:179:-2:ed2:v1:en

[12] https://www.astm.org/Standards/D2583-13a

Volume 10, I ssue 11

Published by, www.ijert.org

664


www.ijert.org

