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INTRODUCTION

The need and development of new aircraft materials have been growing due to the rapid increase in aerospace
industry. The main parameter considered while selecting aircraft materials are the reduction of cost by reducing the
weight and making the materials as light as possible. This in turn results in greater efficiency which further reduces
the aircraft production cost. The materials adopted for aircrafts have been changing ever since 1906, where it all
started from wood and later Al-based alloys were replaced after 1927 [1]. The change from wood to Al-based alloys
made lot of difference because of their mechanical properties. They have been dominant in aerospace industry for
more than 80 years. The main reason for replacing Al-based alloys with composites is due to their high strength to

weight ratio, outstanding corrosion resistance and superior fatigue resistance.

The increase demand in aircraft speed is served by composites such as ceramic matrix composites which
can with stand the temperature 1400 °C [2]. Ceramic matrix composite materials with properties like high
temperature stability, high hardness, high corrosion resistance and good versatility have been widely used in recent
times. Some of the ceramic matrix composites are silicon carbide (SiC), aluminium nitride (AIN), silicon nitride
(SisN4). Since ceramic matrix composite materials have good thermal conductivity, they are mainly use in high-

temperature sections of aircrafts like exhaust nozzle [3].

And also Metal matrix composite materials having properties like high fracture toughness, high yield
strength, low thermal expansion and suitable wear resistance plays a key role for the aerospace industry in selection
of composites for aircraft parts. Though steel plays a vital role in aerospace industry, its uses have been drastically
reduced due to factors such as low strength to weight ratio and poor corrosion resistance relative to advanced
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composites [4]. Polymer matrix composite (PMC) with properties like high strength to weight ratio, outstanding corrosion
resistance are its biggest advantage. Apart from natural fibers reinforced PMCs, in the military aircrafts carbon nanotube
reinforced PMCs are used [5].

MATERIALS USED

The criteria for choosing a material for aircraft engine should fulfill demands such as good high withstanding temperature
mechanical properties and good corrosion resistance at higher working temperature. Fretting wear, and stress corrosion
cracking will be some of the key factors considered for future selection of materials for aerospace industry. Many
researches are happening to find several ways to reduce the weight of aircraft materials. One such way is the use of organic
matrix composites. These matrix materials are known for improving structural efficiency and reduction of weight. They
have capabilities to sustain damages that are not visible by naked eyes. While selecting from a large range of different

types of materials, for the application of aircraft, it is always selected based on type of utilization.
Al Based Alloys
The advantages and disadvantages of different types of materials are given in Table 1.

Table 1: Advantages and Disadvantages of Specific Materials

Material Advantages Disadvantages
- Low manufacturing cost, high toughness, low Corrosion, weldable, high strength alloys
Aluminium alloys . R
density. only used at 94°C
High operating temperature High corrosion

Titanium alloys High initial cost, high notch sensitivity

resistance.
Low raw material cost, moderate toughness,
high strength,

Low alloy steel rigorous heat treatment for high strengths

Corrosion resistant Corrosion resistance reduced manufacturing Low strength relative to the high-
steels Costs. strength low-alloy steels.
Polymer matrix Light weight, high stiffness, high strength, low

Difficult to identify the damages

composites density,

In any commercial aircraft, 99% of the structural materials comprise of aluminium, steel and titanium alloys.
There is a continuous frequent changes which concentrates on improving factors like resisting crack-growth and fracture
toughness. Some of the new advanced materials like 7075-type alloys have improved fracture toughness and strength
without reduction of other properties. Materials like 7050, 7175 and 2124 are used in commercial aircrafts and fighter
aircrafts as well. 2124-T81851 used on F-16 and F- 22 use thick plate and still low in weight.

Titanium on the other had has low application though it matches all the criteria’s while choosing a material for
aircraft body. Titanium materials are costly and machining times are almost 15 times higher when compared to materials

like aluminum.

GLARE, is an aluminium/fiberglass PMC having good fatigue, corrosion resistance, fire resistance and impact
resistance is used by Airbus for its A380 series. And especially focuses on the welded structures are to reduce the
manufacturing cost nearly by 25% and reduce the weight by 15%. Titanium matrix composites offer properties for
stiffness- driven application and the major drawbacks is high cost. But, due to large and bulk development efforts of
titanium will make the expenses fall. New powder metallurgy process produced via laser process is being developed for
producing relatively simple shapes. Concentrating on raw materials and processing improvements through organic
composites are some initial developments. By increasing volumes and improved compositions, the cost of the material can
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be reduced to a small scale. Improved assembly methods like thermoplastic welding and co-cure occurred. Resin Transfer
molding, stiches resin film infusion, liquid, resin transfer moulding are some of the processing methods to achieve them.

Mechanical properties of some of the Al series based alloys are given in Table2.

Table 2: Mechanical Characteristics of Some Al Based Series Alloys

Alloy UTS (MPa) | Yield Strength (MPa) | Elongation (%)

2025-T351 428 324 21
2026-T3511 496 365 11
2224-T39 476 345 10
2324-T39 475 370 8
2524-T3 434 306 24

7150X-T6 808.9 776.5 14.1
7075-T6 656 590 11
7475-T651 552 496 12

2050-T84 540 500 NA
2092-T83 531 483 3
2098-T82 503 476 6
2099-T83 543 520 7.6
2199-T8 400 345 10

Common 2024 alloys mostly used for aircraft fuselage application where damage tolerance is most of the
consideration whereas its low yield strength does not allow him to use in high stress regions. Alloy 2224-T39 has higher
yield strength (476 MPa) than conventional 2025 alloy (428 MPa) due to low carbon and silicon concentration than 2025
alloy. 7000 series Al based materials are alloyed with zinc and are heat treatable, hence possess higher mechanical strength
than Al-Cu alloys. Al-Li alloys have low density and better mechanical properties than 2000 and 7000 series Al alloys [6].
High-efficiency jet engines produce very hot exhaust gases, hence they need materials that can withstand higher

temperature than titanium and super alloys.
SUPERSONIC COMBUSTION RAMJET

In supersonic combustion ramjet or scramjet, the development of ramjet engine is very crucial where the combustion
process takes place in supersonic speed instead of subsonic speed. The main parts of a supersonic combustion ramjet are
converging inlet, injector for fuel and a converging nozzle. As the supersonic airflow is compressed, the temperature of the

fluid rises to such an extent that simple injection of gases fuel is sufficient to combust with the atmospheric oxygen.

The combustion occurs in such a way that it increases the enthalpy of the fluid which in turn results in such a way
that expansion throughout the exhaust nozzle leads to high acceleration of air. The principal of expanding the high
enthalpy fluid to generate the thrust is similar to standard turbojet engines only that scramjet does not use multiple rotating
compressor stage in a inlet. To overcome the mechanical failure of engine, weights of most of the components are reduced
eventually. Polymer matrix composites or ceramic matrix composites and metal matrix composites are used to achieve the

same[7].
COMPOSITE MATERIALS

Ceramic Matrix Composites

Composite materials used in Airbus 380 are shown in Fig. 1. Most of the outer structural parts are made up of carbon fiber
reinforced plastics (CFRP).
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Figure 1: Composite Materials used in Airbus 380 [9].

Even though ceramic materials exhibit suitable properties like high refractoriness, due to their brittle nature they
are often restricted. Fiber reinforcement has been utilized to improve the strength and toughness. Researches on finding the
factors which impact these properties are discussed. It is concluded that, even though their application in diverse and
contribute equally in development of such materials, particularly the effect that matrix micro-cracking might have on the
thermal, mechanical stability of reinforced-ceramic system, should be fully evaluated before considering ceramic- matrix
composites for replacement for such conventional materials [10]. Ceramic matrix composite (CMC) have higher
temperature resistance and are capable of reducing weight. Compared to metallic nozzle, the CMC nozzles last longer.
Nearly 6% of the fuel is reduced by replacing CMC’s which have capabilities of withstanding 2700 °F (1482 °C). Two
factors play a main role in reduction of fuel burn. First higher temperature capability of CMC’s, and second weight of

CMC’s is nearly one- third of high-temperature alloys[11].
Polymer Matrix Composites

Generally, polymer matrix composites are commonly used in hypersonic vehicle at the highest heat products producing
area will be located around the combustor because the pressure is maximum in that area and due to sudden wave boundary
layer interaction. To withstand this pressure, it is required to use high temperature materials in the conjunction with the
internal thermal extraction methods, they are Nb-Ch752 (2300°C), C-SiC (1600°C) and income (1400°C) that could be
used for the design of scramjet combustor. Usually to reduce the load on blades of the turbine, polymer matrix composite
(PMC) are utilized, they are mainly present in fan blades of the turbine. The engine of Boeing 777 uses PMC fan blade
which was introduced by General Electric (GE). In order rise the toughness of the blades, new techniques have been

developed; one such is incorporation of layer of nano composite. [10, 12].
CONCLUSIONS

Ceramic matrix composite materials with several properties like high temperature stability, high hardness, high corrosion
resistance and good versatility have been widely used for aerospace applications. Since ceramic matrix composite materials
have good thermal conductivity, they are mainly use in high-temperature sections of aircrafts like exhaust nozzle. Metallic
composites with high strength are used in aircraft's main body section i.e. fuselage. Polymer Matrix composites are used in

the hypersonic vehicle in the combustor.
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