\% International Journal of Advances in Engineering and Management (IJAEM)

Volume 6, Issue 06 June 2024, pp: 101-110 www.ijaem.net

IJAEM

A Review on the Development of
Lightweight Composite Material for
Aerospace Industry

K. K. Sunil, ¥¥"S. Y. Musa, *Haruna Abubakar

!Department of Mechanical Engineering, Mewar International University, India
Department of Occupational Safety and Health, Federal Ministry of Labour and Employment, Kaduna, Nigeria
*Department of Mechanical Engineering, Kaduna Polytechnic, Kaduna, Nigeria.

Date of Submission: 28-05-2024

Date of Acceptance: 06-06-2024

ABSTRACT: The aerospace industry’s relentless
pursuit of weight reduction and performance
enhancement has fuelled the development of
lightweight composite materials. This review
provides a comprehensive overview of the
evolution, current state and future directions of
lightweight composite materials for aerospace
application. The paper discusses the various types
of lightweight materials used in aerospace industry
such as aluminium alloys, titanium alloys,
magnesium alloys and composites materials
including carbon, glass, and natural fibre reinforced
composites. Finally, the paper highlights future
research directions and technological innovations
that will shape the next generation of lightweight
composite materials for the aerospace industry.
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I. INTRODUCTION

Composite is defined as an engineered
material made from two or more constituent
materials with significantly different physical or
chemical properties that remain separate and
distinct on a macroscopic level within a finished
structure (Abdullahi & Umar, 2011)(Dimple et al.,
2023). Composites are made up of a matrix
constituent (continuous phase) and a reinforcement
constituent ~ (fibres or/and  particles). The
reinforcement phase carries the majority of the load
and provides strength and stiffness. Therefore, the
reinforcement is harder, stronger, and stiffer than
the matrix. The matrix is the continuous phase that
surrounds and protects the reinforcement from
environmental factors such as abrasion, wear, and
chemical attack (Campbell, 2010). Composite
materials are immensely more robust than their

counterparts, mainly because of their high strength-
to-weight ratio (Sahu et al., 2023). Composites, due
to their advantageous mechanical characteristics
and lightweight, are continually evolving towards
products that are the most efficient and least
expensive possible. They are widely used in
various industries such as the automobile, marine,
aerospace, and sporting goods sectors among others
(Habibi et al., 2020). Generally, the type of matrix
such as polymer, ceramic, and metal classify the
composite material.

Polymer matrix composites (PMC) consist
of a polymer matrix (resin) and a dispersed phase
of reinforcing fibres. PMCs are very popular and
widely used due to their low cost, simple
processing methods, lightweight, and low density.
Over the past few decades, high-strength polymer
matrix composites have gradually replaced the
widely used metal matrix composites in the
aerospace, automotive, automotive, and marine
industries (K. et al., 2023). Polymers or resins are
classified into two types: thermoplastics
[polypropylene (PP), polyethylene (PE),
polystyrene (PS), polyvinyl chloride (PVC)], and
thermosets  (epoxy, phenol  formaldehyde,
polyester) and they can be reinforced with different
types of fibres such as natural (plant, mineral, and
animal) and synthetic for various applications
(Saxena et al., 2011).

The use of synthetic materials such as
Carbon fibre, Kevlar fibre, and Glass fibre allowed
the development of a variety of structural
components in the aerospace, automobile, and
other sectors. However, these synthetic materials
have tremendous environmental effects due to their
biodegradability  (Aravinth et al, 2023).
Consequently, the reduction of global warming
gases requires lighter materials and lower carbon
emissions. Recently, there has been a shift towards
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using environmentally friendly and lighter
materials such as bio-composites, replacing the
conventional composite materials developed using
synthetic materials (Elfaleh et al., 2023). A lot of
natural fibres have been identified and processed
for the reinforcement in the matrix. Even though
natural fibres have lower strength than synthetic
fibres, they offer several advantages such as low
cost, simplicity of processing, biodegradability, and
abundance (Gholampour & Ozbakkaloglu, 2020).
Natural fibres have superior physical and
mechanical properties than wood fibres and they
are high in cellulose and crystallinity content and
lighter in weight than wood fibres. Some desirable
properties of natural fibres include high specific
strength and modulus, flexibility during processing,
biodegradable, low self-weight, low cost, low
density, and substantial resistance to corrosion and
fatigue (Faruk et al., 2012), (Vigneshwaran et al.,
2020). Recently, researchers have focused on
developing composite materials reinforced with
natural fibres, as these composites combine good
mechanical properties and low density. These
compounds offer several advantages, such as cost,
availability of renewable natural resources, and
biodegradability (Elfalen et al., 2023). These
inexpensive natural fibres can become a viable
alternative for expensive and non-renewable
synthetic fibres when high elastic modulus is not
required. The advancement in composite materials

is illustrated in Figure 1.
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Figure 1: Advancements in Composites
Technology (Khalid et al., 2021)

The aircraft market is forecasted to
generate around 250 billion dollars between 2016-
2025 and this market is characterized by demand
and its dynamic and competitive environment.
These aircraft manufacturers are pursuing process
innovation to attend to the increase in production
demands. Continuous improvement and a high
level of efficiency together with maximum process
reliability is the keynote to success in a highly
competitive market (Barbosa et al., 2017). Carbon
fibre-reinforced composites have found application
in aircraft manufacturing since the late 1960s,

displacing the more conventional materials such as
aluminium and titanium alloys. It was predicted
and argued that fibre-reinforced polymer;
especially carbon fibre can and will in the future
contribute to more than 50% of the structural mass
of aircraft (Soutis, 2005). However, with the
growing problems of climate change and global
warming, airline companies are actively promoting
energy-saving and carbon-reducing measures in an
attempt to reduce environmental impacts. A
method to lower fuel consumption by reducing the
weight of seats in the passenger cabins. Weight
reduction is another critical design objective for
any aircraft, as it is directly related to fuel
consumption and cost. The aerospace industry is
currently experiencing an increase in demand for
sophisticated composite materials that enable
significant weight reduction while retaining
structural integrity. Consequently, they adopt a
green approach to the weight reduction of aircraft
cabin seats by developing novel seats with the help
of natural fibre-reinforced composites (Tsai et al.,
2014). Polymer matrix composites (PMC) are a
substantial component of airframe materials at the
moment. Natural fibres have emerged as a potential
alternative to synthetic fibres such as E-glass,
Carbon fibres, and others in the production of
composite materials due to their high strength-to-
weight ratio, low cost, and renewability. However,
choosing the optimum natural fibre for an
aerospace application can be challenging due to the
diversity of fibres available in combination with a
variety of matrix materials

Il. LIGHTWEIGHT MATERIAL FOR
AEROSPACE

The selection of aerospace material is
crucial as it affects many aspects of aircraft
performance from the design stage to disposal.
Materials with a high strength-to-weight ratio are
the major needs of the aerospace industry. Other
properties include mechanical, physical, and
chemical properties such as high stiffness, fatigue
durability, damage tolerance, low density, and high
corrosion and oxidation resistance. The most
commonly used commercial aerospace structural
materials are aluminium alloys, titanium alloys,
high-strength steel, and composites (Zhu et al.,
2018).

A. ALUMINIUM ALLOYS

Aluminium alloys and their metal matrix
composites (AMMC) are great alternate super
lightweight material for aerospace applications and
have gained tremendous attention among
researchers due to their properties. They are light in
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weight, cheaper, easily fabricated, and can be
treated to become a high-strength material. To
develop various enhanced properties, alloying
Aluminium with different elements has reported
high strength, and observed that, when alloyed with
Zinc and Magnesium it has considerably higher
strength (Sehgal et al., 2022). Many lightweight
aerospace structural applications, such as the
fuselage skin, upper and lower wing skins, and
wing stringers, favouring advanced aluminium
alloys due to their relatively high specific strength
and stiffness, good ductility and corrosion
resistance, low price, and excellent
manufacturability and reliability (Siengchin, 2023).

In recent years, aluminium-copper-lithium
(AI-Cu-Li) alloys have been highlighted as one of
the most promising alloys for structural
applications within the aviation and aerospace
industry. Arbo et al., (2022) evaluated the
weldability of aerospace grade Al-Cu-Li alloy
AA2065 and the result of the study showed the
potential of utilizing AA2065 wires for welding
purposes without excessive formation of pores or
cracks. Helal Miah et al., (2023) conducted
research and illustrated the impact of the combined
welding parameter for the friction stir lap welding
process for two Al-Mg-Si Al-Alloy plate joints.
From the result, it is evident FSW process is one of
the most effective ways to solve the challenges of
the welding process of modern aerospace
companies. Vasanthakumar et al., (2019) reviewed
studies on the effects of SiC and Gr on the
microstructure, mechanical, and wear properties of
powder  metallurgy-based  aluminium  alloy
composite for aerospace applications. They
concluded that the porosity, hardness, and tensile
strength of the composite increases by increasing
the SiC content whereas an increase in Gr content
leads to a decrease in porosity, hardness, and
tensile strength.

Awate et al., (2023) used stir casting to
fabricate  graphene  nanoplates  reinforced
aluminium AI6061 composites for aerospace and
automobile applications. The microstructure and
tensile properties of the nanocomposites were
analysed using FESEM and UTM respectively. The
tensile testing results revealed enhancement in
ultimate tensile strength which is required for use
in a variety of aviation applications. The potential
of rare-earth compounds as anticorrosion pigments
for the protection of aerospace AA2198-T851 alloy
was studied by Gad et al., (2023). Their findings
indicate that these inhibitors may potentially
provide new options for the corrosion protection of
aerospace  Al-Cu-Li alloys. Anandan &
Manikandan (2023) studied the effect of welding

speed of friction stir welding between dissimilar
aerospace grade AA7050-T7651 and AA2014-T6
aluminium alloys. Microstructural characterization
and mechanical testing were performed to
determine the tensile strength, microhardness, and
residual stress. They reported that proper material
mixing and finer grains were obtained at a weight
speed of 65 mm/min which resulted in good
mechanical and metallurgical properties compared
to other welding speeds.

Pazhani et al., 2023 synthesize and
characterized graphene reinforced AA 2014 metal
matrix composite using squeeze casting method for
lightweight aerospace structural applications. The
research focuses on the development of isotopic
composite materials and reported that a successful
isotropic composite material is created and can be
used in aerospace and space exploration
application. Akinwade et al.,, 2023 fabricated a
7068 aluminium/ lightweight high entropy alloy as
aero material. They characterized the specimens
where the results of the tensile and compressive
tests at 10 wt% showed significant enhancement
and optimal performance achieved for aerospace
application. Finally, Lahbari et al., 2024 studied the
homogenization heat treatment influence on
microstructure evolution and mechanical properties
of aluminium alloy for lightweight aerospace
application. They concluded from their work that
the best hormogenization time is 26hr as a process
proceeding rolling.

B. TITANIUM ALLOYS

Titanium alloys are widely recognized for
their excellent properties, which makes them
suitable for aerospace applications. These alloys
have many advantages over other metals such as
high specific strength, high stiffness, good fracture
toughness, fatigue resistance as well as very good
corrosion resistance, heat resistance, cryogenic
embrittlement  resistance and low thermal
expansion (Zhu et al., 2018). A variety of
aerospace components are built with TiAl6V4
material. Titanium has superior properties like low
density, good strength, and better corrosion
resistance and is perfectly suited for aerospace
components (Sehgal et al., 2022). The machining
performance of TiSiN (Ag) coating on tool inserts
during dry turning of TiAlI6V4 aerospace alloy was
conducted by Cavaleiro et al., (2021). They found
out that TiSiN showed better tool life when a lower
cutting speed was applied. Their work shows the
potential use of TiSiN(Ag) coatings for machining
TiAI6V4 aerospace alloy under dry conditions.
Kamal et al., (2023) joined C/SiC niobium alloy
with titanium alloy (TiCuAg) for aerospace
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applications. They studied the microstructural and
mechanical properties of the joint and concluded
that an optimal Ti content of the alloy is necessary
that minimize the formation of a brittle phase
without compromising the joint strength.

Veera Ajay et al., (2020) conducted experimental
studies on single point incremental forming (SPIF)
of Ti-6-Al-4V alloy for aerospace applications.
Zhao et al., (2022) reviewed the application of
high-strength titanium alloy for the aerospace
industry, where several positive achievements have
been realized for technological exploration.
Although numerous high-strength titanium alloys
have been developed, the designing approaches
mainly rely on the Al/Mo equivalents. Pathania et
al., (2021) researched the use of directed energy
deposition techniques for the refurbishing of
Ti6Al4V components used in aero-engine. They
concluded that DED is the best-suited cost-
effective technique that imparts the repaired
components’ highly functional and mechanical
properties. Xia et al., 2024 prepared a lightweight
titanium dioxide/ carbon nanotube composite using
ALD method for microwave absorption. Their
study provided a novel idea for preparing efficient
and lightweight microwave absorbing materials for
aerospace applications.

C. LIGHTWEIGHT COMPOSITE

Synthetic fibres like glass, carbon, and
Kevlar have been extensively used in airplanes for
weight reduction when compared to aluminium
alloy. A lot of research has been carried out on the
development of a variety of high-performance
composites such as fibre-reinforced polymer and
fibre metal laminates (FML), competing with the
major lightweight aerospace materials such as
aluminium alloys. Research by Bhavya et al,
(2021) evaluated the performance of E-Glass
reinforced epoxy composite laminate as an
aerospace material. Tensile, flexural, shear, and
impact properties of the fabricated laminates with a
variation in the hardening agent used were studied.
The tensile and shear properties of the two samples
do not show much difference results whereas there
was significant improvement observed in the
flexural strength and hardness values of the two
samples. They concluded that the material studied
qualified as a potential and good
electromagnetically transparent material to be used
for the mechanical covering of antenna systems of
aircraft. Tahir et al., (2022a) developed a hybrid
biocomposite from Sterculia Setigera Delile fibre
and Pterocarpus Erinaceus wood dust epoxy for
aerospace applications. They optimized the
mechanical properties and found that its properties

have better biodegradability, lighter in weight when
compared to other formulations of the composites.

Lakshmi Kala & Prahlada Rao, (2022)
fabricated a carbon fibre-reinforced Aluminium
sandwich ~ composite  laminate  using the
compression moulding method. Aluminium 2024-
T3 and carbon UD fibres 200gsm were selected for
the fabrication of CRFP/AI/CRFP sandwich
laminates. The fabricated laminates were examined
to assess their properties such as tensile, flexural,
and impact strength, and were found to have
properties applicable to the aerospace industry.
Naik et al., (2022) developed a lightweight three-
layer functionally graded composite material using
a spark plasma sintering route for aerospace
applications. The raw materials for the
development are commercially available B,C and
ZrB, powders. The powder mixtures for each layer
composition were mixed separately in a tumbler
mixer using Zirconia balls and heated at 150°C in
an oven to remove moisture. The density,
microstructure, and hardness of the sintered
samples were measured and the results showed that
the composites had a relative density of 96% and
were free from defects such as cracks and
delamination at the interlayer regions.

Sunith Babu et al., (2023) fabricated
GFRP/ epoxy composite laminates using a vacuum
bagging process with varying thicknesses. A
200gsm bi-woven GFRP cloth was used to prepare
four laminates with different ply counts of 6, 10,
14, and 18. An impact test was conducted on
different  laminate  thicknesses using an
instrumented drop-weight testing machine. The
defects on the laminates subjected to the testing
were identified using visual inspection for both the
front and rear portions. They concluded that the
laminate thickness plays a significant role in the
performance of the material subjected to low-
velocity impact. Shao et al., (2023) researched how
to suppress delamination and improve the
interlaminar strength of composite laminate. RTM
moulding process was used to design, woven, and
laminate a new double-sided two-dimensional (2D)
woven laminated composite (DWLC). The tensile,
compressive, interlaminar  shear mechanical
properties and damage behaviour of the DWLC
were experimentally and numerically investigated.
The maximum error between the numerically and
experimentally measurements is 8.6% and
concluded that the simulated strength and modulus
of DWLC under tensile loading are in good
agreement with the experimental results.

Another research by Jensin Joshua et al.,
(2023) evaluated the quasi-static strength of hybrid
intra-woven composite laminate. The novelty of
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their work is the weaving methods used and the
pattern in which it is intertwined. The base material
in their work is Kevlar whereas basalt and Glass
(fibre) are the materials with which the Kevlar is
woven. First, the Kevlar and basalt are intra-woven
by placing one fibre of Kevlar and one fibre of
basalt, one over the other to form a ‘1x1’
configuration.  Similarly, ‘“3x3” and “5x5”
configurations were done. The same pattern was
followed for Kevlar and glass fibre and all six
configurations of fibres were woven using the
manual handloom weaving method and moulded
using the compression moulding technique. The
quasi-static impact testing on Kevlar/basalt and
Kevlar/glass fibre intra-woven composite laminate
was experimentally investigated. They concluded
that Kevlar/basalt fibre KB3x3 intra-woven
composite laminate is observed to be an apt
material for aerospace applications and ballistic
operation.

Sharma et al., (2019) developed a rare
earth particulate reinforced hybrid aluminium
matrix composite via stir casting route. They varied
the weight percentage of the formulation of
composites and studied their tribological and
mechanical properties. They reported that the
properties of the hybrid composites significantly
improved with the addition of the rare-earth
particulates. Kanok et al., (2023) studied the effect
of banana and glass fibre with epoxy resin as a
matrix. The hand lay-up method was utilized in the
development of the hybrid composites and samples
were cut according to ASTM standards for testing
the tensile, flexural, hardness, impact, and SEM
analysis. They concluded that the treated 40% wt
hybrid composite is better to be used in various
convenient household and industrial applications.

Kudva et al., (2023) investigated the
mechanical properties of bamboo and carbon fibre-
reinforced hybrid composites through tensile,
flexural, and Izod tests. The fibres were treated in a
10% NaOH solution for 48 hours and concluded
that combining natural and synthetic fibre led to the
development of composite material with acceptable
mechanical performance. Paladugu et al., (2022)
fabricated a hybrid composite using a hand lay-up
process. Natural fibres such as banana, coconut,
jute, and cotton fibre were used with polyethylene
at different weight proportions. They conclude that
water absorption is less in the hybrid composite
with coconut and cotton fibres as reinforcement
and gains mass of 5grm and 7grm. Guo et al.,
(2023) developed aeronautical multi-fibres hybrid
composites corrugated structures consisting of
Carbon, Glass, and Kevlar and studied its
crashworthiness and failure mechanism using

quasi-static axial crushing tests. They concluded
that fibre hybridization is a very useful method of
improving the structural failure mode to regulate
and control crashworthiness. Another research by
Karaboga et al., 2024 on the mechanical response
of carbon fibre reinforced epoxy composite parts
for aerospace application is reported. The study
provided guidance at the preliminary stage of an
aerospace platform, which in return might reduce
costs. It concluded that for enhanced aero structure
applications, titanium or steel rivets can be
advantageous due to their high strength and
corrosion resistance.

Wu et al., (2023) prepared a basalt-glass
hybrid fibre-reinforced polymer composite bar.
They studied the mechanical properties and failure
mechanism of the prepared composite by
conducting tensile tests and finite element analysis
respectively. They concluded that the defects of
basalt fibre such as low ductility and poor tensile
properties of glass fibre can be remedied through
the mixture of basalt and glass fibre. Nuryanta et
al., (2022) investigate the effect of stacking
sequence on moisture absorption of natural and
hybrid composites consisting of glass fibre under
varying layers of natural fibres. Jute, Agel, and
bamboo are wused as the natural fibre
reinforcements, whereas glass fibre and epoxy resin
were used as the synthetic fibre and matrix
respectively. They reported that hybridization of
natural fibre with glass fibre can reduce the water
content of hybrid composites and concluded that
minimizing surface exposure can increase the
moisture resistance of the composites.

Irina et al, (2015) investigate the
mechanical ~ properties of three different
arrangements of hybrid composites fabricated using
the vacuum-assisted transfer moulding method.
They concluded that the hybrid composite with
lighter weight and higher strength is paramount in
modelling the shortage of petrol fuel as well as
reducing the environmental burden of automotive
vehicles and aerospace structures. Bhoopathi et al.,
(2014) fabricated a banana-hemp-glass fibre
reinforced hybrid composite using the hand lay-up
method and evaluated their mechanical properties
such as tensile strength, flexural strength, and
impact strength. They observed from the results
that the banana-hemp-glass fibres reinforced hybrid
epoxy composite exhibited superior properties and
can be used as an alternate material for synthetic
fibre materials.

Rana et al., (2017) investigated the effects
of sisal fibre loading on the mechanical properties
of a hybrid composite developed using two fixed
layers of glass fibre reinforcement on an epoxy
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matrix. They concluded that proper homogeneous
mixing of sisal fibre, and glass fibre with epoxy
resin plays a vital role in the resultant mechanical
properties of the composites. Hemath Kumar et al.,
(2017) reinforced epoxy resin with treated sugar
cane fibre and glass fibre to develop a hybrid
composite, the hybrid reinforced composite was
produced using the hand lay-up method. They
reported that the addition of sugar cane fibre along
with chopped glass fibre resulted in the
improvement of the mechanical properties of the
hybrid composites. Shrivastava et al., (2017)
fabricated a NaOH-treated short coir fibre with
glass fibre mat hybrid composite using the hand
lay-up method. An experimental analysis of the
mechanical properties and water absorption
behaviour of the treated coir-glass fibre-reinforced
epoxy composite was carried out. They concluded
that though the use of glass mats reduces moisture
absorption a bit, still fibre length and loading have
a major effect on the mechanical properties of
composites.

I1l. FUTURE PROSPECTS

The future prospects for lightweight
composite materials in aerospace application
include the primary advantages of advanced
composites, which is their exceptional strength-to-
weight ratio. This can reduce fuel consumption and
increase payload capacity. Similarly, advanced
composites offer unparalleled design flexibility,
allowing design engineers to create complex and
aerodynamically optimized structures that were
previous unattainable. Other areas were lightweight
advanced composites excel are their enhanced
durability, improved safety and environmental
sustainability. By enabling lighter aircraft, these
composites contribute to significant fuel savings,
and reduced greenhouse gas emissions.

IV. CONCLUSION

The  development  of  lightweight
composite materials has revolutionalized the
aerospace industry, enabling significant weight
reductions, improved fuel efficiency, and enhanced
performance. From the early adoption of glass fibre
reinforced polymers to the current state-of-the-art
carbon fibre reinforced polymers and beyond.
Composite materials have played a crucial role in
shaping the modern aerospace landscape. As the
aerospace industry continues to push the
boundaries of innovation, lightweight composite
material will remain a critical component of this
journey, enabling the creation of next-generation
aircraft and spacecraft that are safer, greener, and
more efficient.
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