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Abstract 

There can be seen an increasing trend in the demand of composite materials in the aerospace industry due to its multifarious 
characteristics with respect to improved strength at lower weight, rigidity, corrosion resistance, temperature resistance, radar absorption, 
etc. By increasing the performance and operation of modern aeroplanes, such advances in material attributes have enabled the mode of 
air travel more comfortable, fast and cost effective as well. 

The present review paper highlights types of advanced composite material, along with benefits, evolution and impact of covid-
19 on composite material and its future scope in aerospace industry.  
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Introduction 

In recent years the focus of many scientists is to manufacture high performance, dependable and environmentally friendly 
industrial fibre products. Day to day necessity of composite materials is increased because these materials have a high strength to weight 
ratio than conventional metals and due to improve strength at lower weight, use of composite materials in aerospace industry is increasing 
day by day. Conventional materials were used traditionally to make structures with high hardening capabilities and low yield strength. 
Now a days, everything is customer driven in the market and with this approach, customer demand administers producers to develop 
better technologies to increase process efficiency while lowering cost therefore demand of fibre reinforced polymer becoming 
increasing. Although the composite materials are a bit costlier but their demand is growing because of its better performance in aerospace 
and flexibility to change design and development of modern aerospace vehicles. Most common types of fibre reinforced polymer 
composite material are composite fibre reinforced polymer Composite (CFRP), glass fibre reinforced polymer Composite (GRRP) and 
Aramid fiber (KEVLAR) reinforced polymer Composite.1 
 

In comparison with traditional metallic materials, composites now reached a place of having superior strength and better 
features. With the rising cost of fuel. there is demand for lighter material in aerospace which raises the liking towards the use of 
composite material. Today the development of fibres with unique qualities is a major driver of industrial innovation specially in high 
performance applications. To fulfil this fundamental need aerospace industry focused on development of Advanced composite material.2 
Since the late 1930s, composite material aircraft have existed, with the most renowned example being the Hughes flying boat, which 
was composed of birch ply Duramold (birch soaked with phenolic resin and fused together at 280° F). Duramold is lighter than 
aluminium and 80 percent stronger [3]. Fiberglass (fiber-reinforced plastic) was purportedly used in aeroplanes for the first time in 1939. 
Fiber-reinforced resin matrices are made up of resins like polyester, vinyl ester, and epoxy that are reinforced with fibres like glass, 
carbon, or boron. The current Airbus A350 is made up of 52% carbon-fiber-reinforced polymer (CFRP). The most popular composite 
material was fibreglass, which was made up of glass fibres embedded in a resin matrix and rose to prominence in the 1950s with the 
construction of the Boeing 707 passenger aeroplane. In the 1960s, fibrous composite materials were utilised in small quantities in 
military aircraft. Carbon fibre was first employed in the aerospace and automotive industries in 1961. Kevlar, a para-aramid fibre, was 
first employed in ballistic and resistant body armour in 1966. Composites have mostly been employed for secondary wing and tail 
components such as wing trailing edge panels and rudders since the 1980s[7]. Table 1.1 depicts the growth of composite materials’ 
usage in commercial aircrafts. The Boeing 777, which is a long-range twin-engine jet airliner with capacity over 300 passengers launched 
in 2000, used 11% composite materials.3 
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Table 1.1 Increased use of fibre-reinforced polymer composites in aircraft structures [14] 
Boing 777 Boing 787 Dreamliner 
Launched in 2000 
11% FRPs 
70% Aluminium 
7% Titanium 
11% Steel 
1% Others 

Launched in 2007 
50% FRPs 
20% Aluminium 
15% Titanium 
10% Steel 
5% Others 

 
I. Composite Material 

Composites and their high strength-to-weight ratio have been a "game changer" for the aviation industry, according to Yang 
(2015), with composites replacing aluminium and steel as the preferred material for fabricating the fuselage and wings of passenger 
planes, resulting in a manufacturing evolution that makes planes lighter and more fuel-efficient [4].Basic principle of making composite 
material is not changed but changed the characteristics ,mechanical properties of basic constitutive material, does all the fibre composite 
summarised as two or more materials combined to perform a useful purpose[5]. The reinforcing phase is one of the constituents (provide 
strength, stiffness,) while the matrix is the one in which it is embedded (provide shape to structure). Fibers, particles, or flakes can be 
used as reinforcing phase material. Materials in the matrix phase are usually continuous [6]. According to matrix type composite 
materials are categorised as ceramics Matrix composite metal (CMC), Matrix Material composite (MMC) polymer Matrix composite 
(PMC )as all have  low density and having high strength.[1]  Figure-1 clearly shows the reinforcement, matrix and composites in pictorial 
form.4 
 

 
 

II. Evolution of Composite Material in Aerospace Industry 
Composite materials have been used in aircraft, but their use has not reached the expected levels due to higher costs as compare 

to aluminium besides manufacturing and modelling challenges. In the F15, for example, the percentage by structural weight of 
composites used in manufacturing was very low, at around 2%. Composite materials were initially used only in secondary structures. 
Traditional hand lay-up has been widely used in the construction of aerospace components ranging from small passenger planes to the 
Boeing 787.However, as knowledge and development of the materials improved, they were used in the aerospace industry in primary 
and secondary structural parts such as rocket motor castings, antenna dishes, engine nacelles, horizontal and vertical stabilisers, centre 
wing boxes, aircraft wings, pressure bulkheads, landing gear doors, engine cowls, floor beams, tall cones, flap track panels, vertical and 
horizontal stabilisers, and so on, and the percentage has grown. They are now widely used in the Eurofighter: the wing skins, forward 
fuselage, and rudder are all made of composites.Toughened epoxy skins cover approximately 75% of the exterior area. Carbon-fibre-
reinforced composite material accounts for approximately 40% of the Eurofighter's structural weight. High-strength boron and graphite 
fibers embedded in epoxy are commonly used by US materials in movable parts of the craft that control the craft carbon-fiber-
reinforced motion.5  
The following advantages are provided by composite materials: 

● Light weight due to their high specific strength and stiffness. 
● Customise directional strength and stiffness. 
● High resistance to corrosion and fracture resistance. 
● Dimensional, alignment, and dynamic stability in a space environment 
● Small rider cross-section. 
● Possibility of experiencing minor dielectric loss in Greater openness. 
● Capability to form large critical shapes in less time,  
● reducing the number of parts required and assembly times. 
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Types of Advanced Composites in Aerospace 

1) Laminated composites 
Laminated composites are the most common composite materials used in various industrial applications. The matrix materials 
are combined with a number of fibrous layers to create this type of composite. Laminated composites exhibit high in-plane 
strength and stiffness. The main disadvantage of laminated composites is their poor performance in the thickness direction. One 
of the most common failure modes of laminated composites is the delamination of different layers under loading condition. 

2) Sandwich composites 
Sandwich composites are made by combining two thin, strong skins with thick, light-weight core materials. Faces are typically 
high-strength composites that are adhesively bonded to various types of core materials (honeycombs, balsa wood, foam, etc.). 
Sandwich composites have a number of advantages over composite laminates.  

• Low weight,   
• High bending stiffness,  
• Low cost, 
• Thermal insulation, 
• Noise insulation, and 
• Vibration damping 

One major issue with sandwich composites, similar to laminated composites, is debonding between the core and face materials. 
3)  Braided composite  

Braided structures are made by intertwining two or more yarns and differ from other fibrous architectures in that the yarns are 
aligned diagonally to the structure axis. Braided composites have several advantages, including: 

• High shear and torsional strength and stiffness,  
• High transverse strength and modulus, and  
• Damage tolerance and fatigue life. 
• Insensitivity of the notch 
• Possibility of developing complex and near-net-shape composites due to high fracture toughness 
4) Auxetic Composite 

Auxetic materials and composites have a negative Poisson's ratio (they expand in the transverse direction when loaded in the 
longitudinal direction, unlike conventional materials). 
Because of this unusual property, auxetic materials have several advantages, including: 

 High shear modulus 
 Excellent damping resistance 
 Extremely high fracture toughnes 
 Increased crack growth resistance, as well as 
 High capacity for energy absorption   
5) Ceramic and metal matrix composites 

Reinforcing ceramics with continuous fibres, particles, or whiskers results in ceramic matrix composites. Silicon carbide (SiC), 
Titanium carbide (TiC), and Boron carbide (B4C) are common types of reinforcements for ceramic matrix composites, as are 
silicon nitrides (Si3N4) and boron nitrides (BN), alumina (Al2O3) and zirconia (ZrO2), and carbon (graphite or partially 
amorphous) and boron. Ceramic matrix composites have the following benefits: 

 High fracture toughness,  
 Resistance to catastrophic failure, 
 High strength,  
 Lightweight, 
 Low thermal expansion 
 High temperature tolerance, and 
 High oxidation resistance 

Metallic matrix composites are made by reinforcing various metallic matrices such as aluminium, magnesium, titanium, copper, 
and others. 
Ceramic particles or fibres are common reinforcements for metallic matrix composites Various merits of metallic matrix 
composites are: 

 High transverse strength and stiffness, 
 High ductility and fracture toughness, 
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 High temperature resistance, 
 High fire resistance, 
6)  Nano composites 

 Nano composites are a type of composite material in which nanomaterials are used for reinforcement or to improve the 
functionalities of the composite. Nanomaterials have several advantages as reinforcement, including: 

 Increased surface area and improved interface 
 Less defects, and 
 Only a small volume fraction is required for property enhancement. 

Carbon nanotubes and nanofibres are two nanomaterial’s with exceptional mechanical properties. They have proven to be 
effective reinforcing materials. 
These nanomaterial’s have demonstrated a high ability to improve various properties of various types of matrix (polymeric, 
ceramic, metallic, and cementitious), including fracture toughness, fatigue properties, impact properties, dynamic mechanical 
properties, and thermal stability are all examples of in-plane strength and stiffness. 

7) Carbon-carbon (C-C) composites  
Carbon-carbon (C-C) composites are made by reinforcing a carbonaceous matrix with carbon fibres or, more recently, carbon 
nanotubes (CNTs). C-C composites have the high temperature specific mechanical properties of carbon fibres. 
C-C properties are 

 Extremely high specific strength 
 Mechanical properties retention at high temperatures, 
 Biocompatibility, as well as 
 Chemical apathy. 
8) Natural fibres composite 

Natural fibres are low-cost, lightweight, non-hazardous, eco-friendly, renewable materials with high specific mechanical 
properties that require less energy to grow and apply. These materials have enormous potential for reducing the consumption of 
non-renewable, non-environmentally friendly, energy-consuming materials like concrete, metals, or synthetic fibres. 

9) Self-sensing composites 
Self-sensing composites can detect strain, damage, and temperature etc. These are currently receiving special attention for a 
variety of structural applications where they are used to improve safety. Existing approaches to sensing the condition of structural 
parts rely primarily on the use of external sensors. Fibre-optic and piezoelectric sensors have been extensively researched and 
are commercially available for strain and damage sensing. However, these sensing systems have some inherent disadvantages, 
such as high cost, the need for skilled personnel, the fragility of nature, and inaccessibility to remote locations. 

10)  Self-healing composite 
Self-healing composite materials are those that can automatically repair damage within their structure. Damage repair can be 
extrinsic (the composite materials contain an external healing agent for damage repair) or intrinsic. 
The following properties of self-healing composites can be repaired: 

 Fatigue property,  
 Impact energy, and  
 Barrier and corrosion property.6 

 
Uses of composite material in Aerospace Structure 

Initail use of composites can be seen in military and aerospace applications. These were not used in civilian aircraft due to its 
high production cost ,however, their use was limited to non-structural purposes.  

 
The scenario was drastically changed when the civilian aviation sector was enforced to react to rising oil prices and 

environmental constraints. Lighter aircraft structures made by replacing metal with composite result in lower fuel costs and emissions. 
The Boeing 787 is more than 50% composite by weight, compared to only 12% for the Boeing 777[18]. 

 
Composite materials have played an important role in weight loss, and now advance property like self-healing and self-sensing 

are also imparted  in these material to increase its functionality. 
 
Composites are utilised in a wide range of aircraft and spacecraft, from hot air balloon gondolas and gliders to passenger jets, 

fighter planes, and the Space Shuttle, for both structural and component purposes. 
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In terms of metal fatigue lifespan, carbon fibre is significantly less predictable than aluminium, though boron works well (such 
as in the wing of the Advanced Tactical Fighter). Aramid fibres are widely used in a wide range of applications. [6] Composite materials 
are used in aerospace for engine blades, brackets, interiors, nacelles, propellers/rotors, single aisle wings, and wide body wings. [7] 
Carbon fibre is the most commonly used composite fibre in aerospace applications. ]7 
 
Scenario of Composite Material and Impact of Covid 19 

In terms of effect of Covid 19 period, there had been a significant impact on the composite market in terms of development of 
composite materials in the aerospace sector .The global Composites Market was valued at USD 37.88 billion in 2020 before the Covid-
19 impact and is expected to grow at a CAGR of 5.3 percent through 2028 but it valued at USD 31.78 billion in 2021 as a result of the 
COVID-19 impact [15]. From 2021 to 2028, the global composites market is expected to grow at a compound annual growth rate 
(CAGR) of 6.6 percent, with a market value of USD 86.4 billion in 2020. Rising demand for performance materials in industries such 
as automotive and transportation, wind energy, and aerospace and military is expected to drive the market over the forecast period.8 
 
Future Composite Aircraft and the Environment 

When commissioning aerospace composites, one good option is to recycle leftover parts from redundant aircraft. The Boeing 
Company has shown its committment to enhance the environmental performance of aeroplanes by implementing recycling of all 
composite-based aircraft materials. Composites recycling is a two-step process that involves separating composites from other aircraft 
materials during retirement and recovering good quality fibres for reintroduction as a materials source in aerospace manufacturing. 
Developing technologies that can ensure safety and reliability throughout increasingly complicated missions is a significant problem for 
future aeronautical vehicles. These solutions will allow lighter materials to be used without compromising safety. With rising fuel costs, 
commercial aerospace makers are under pressure to improve aircraft performance, which includes reducing weight. It is extremely likely 
that the aeroplane of the future will be composed of composite materials, based on the progress that has been made in composite building 
technology[17].When it comes to composites in aerospace, there is no limit to how far they can go. The desire for lighter materials is 
only going to grow. Composite materials will continue to advance as aeroplanes fly higher and faster.9 
 
Resultant Conclusion- 

The use of advanced composite materials in the aerospace sector is steadily increasing due to several advantages of composites 
over metals, such as light weight, high strength, corrosion resistance, superior fatigue and fracture properties, and multifunctional 
performances such as self-sensing and self-healing and has proven to be quite beneficial in aerospace structures. And with the rising 
cost of fuel, there is a higher demand for lighter materials in aircraft, and adopting lighter composite materials ensures that the aerospace 
industry has a wonderful chance. Customer demand will drive producers to develop better technologies to increase process efficiency 
while lowering costs, and this consumer-driven innovation will open up new opportunities for the composite market, which is the main 
goal. New generation large aircraft are designed entirely of composite materials, necessitating a thorough understanding of composite 
structure and materials. Covid-19 has also a significant impact on composite material quality and supply chain. The composites business 
appears to have a bright future ahead of it. Additionally, research is being conducted to improve repair technology. By introducing 
recycling of all composite-based aircraft materials, the Boeing Company is improving the environmental performance of aeroplanes. To 
ensure functionality, it is critical to recognise that the use of composites necessitates a collaborative effort between the user and the 
designer. 
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