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Abstract - The use of composite materials is increasing day by day, especially in aircraft structural parts and in different 
aerospace applications. There is wide scope to study,to research the properties and performance of different composite 
materials for proper selection of specific material for desired application. Epoxy Composite Materials get affected by 
moisture as there is moisture absorption takes place. This paper presents a review of FRC materials used in aerospace 
applications such as CFRP, GFRP and Aramid Fiber reinforced polymer, their preparation methods and different test for 
performance evaluation. In performance evaluation there is study oftensile test, compression test, 3 point bending test, 
hardness test, impact test, test for flexural strength, moisture abortion test. The need of performance evaluation is to find out 
perfect materials for desired applications.  
 
Indexterms - Composite Materials, CFRP, GFRP, FRC, Aerospace Applications, Performance Evaluation. 
 
I. INTRODUCTION 
 
Composites were first used for military aircraft 
during World War II. Application of composite 
materials was generally begun only at aerospace 
industry in 1970s, but nowadays after only three 
decades, it is developed in most industries. 
[8]Nowadays, composite materials are used in large 
volume in various engineering structures including 
spacecrafts, airplanes, automobiles, boats, sports' 
equipments, bridges and buildings. Widespread use of 
composite materials in industry is due to the good 
characteristics of its strength to density and hardness 
to density.[8]. Composite structures have been 
becoming increasingly popular especially in the 
aerospace industry because of their unique properties, 
such as excellent strength/weight ratio, corrosion 
resistance and a possibility of manufacturing 
elements of complicated shapes.[7]Composite 
materials are used more and more for primary 
structures in commercial, industrial, aerospace, 
marine and recreational structures. Weight reduction 
resulting in fuel efficiency gained by an aircraft is 
becoming increasingly important with today’s soaring 
fuel prices. This can be happened only because of use 
of composite materials. Every year the aerospace 
industry uses a higher proportion of advanced 
composite materials in the construction of each new 
generation of aircraft.Use of Composite is expected to 
grow significantly in the next 20 years. 
 
II. LITRATURE REVIEW 
 
F.DiCaprio[2016] Work illustrates an experimental-
numerical correlation on the static and dynamic tests 
of structural subcomponent of a cargo subfloor of a 
civil aircraft. The activities were developed in the 
frame of a national research program finalized to the  

 
development of numerical procedures able to improve 
the absorption energy capability of aero-structural 
components. A composite stanchion represented the 
test case. The good correlation obtained between 
numerical and experimental results demonstrates that 
the adopted methodologies are able to provide 
reliable results. Therefore, these numerical 
procedures could be a starting point in the definition 
of numerical models to be used in the framework of 
optimization tools. The optimization tools aim to 
improve further the absorption energy capability of 
aeronautical components. 
 
SonellShroff[2017] The use of progressive damage 
prediction in a finite element based analysis has led to 
the conclusion that the failure in the composite panel 
initiates due to matrix cracking in the skin in the 
vicinity of the grid interfaces. When these matrix 
cracks propagate and reach ply interfaces, they cause 
delaminations in the skin. The delaminations then 
cause loss of stiffness in the region, ultimately 
overloading the grid-skin interface. Here, the normal 
and shear stresses exacerbated by the moment due to 
the eccentricity between the grid and the skin, lead to 
ultimate failure by grid-skin separation. This failure 
sequence predicted by the FE model was reproduced 
in the tests. The awareness of the failure sequence can 
now be incorporated in to design practices to delay or 
prevent early failure such that the ultimate failure is 
also delayed. 
 
WaqasAnwar[2017]Structural dynamic 
characteristics are altered in aero-elastically tailored 
design to achieve higher speed of aircraft without 
flut-ter. This approach mostly compromises the 
stiffness of wing’s bending mode. Decreased stiffness 
gives lower natural fre-quency and consequently 
higher fatigue loading amplitudes during flight. 
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Hence, the fatigue life and damage tolerance of 
optimum tailored design becomes lower than the un-
tailoreddesign.  
b.In most of the test cases for aircraft/UAV wings or 
tails, dy-namic instability is governed by the coupling 
of first torsional and the first bending mode of 
vibration. Keeping in view the vulnerability of these 
modes, the fiber direction in the plies may be equally 
aligned towards maximum eigenvectors of both the 
modes. In this way, the stiffness of these modes may 
be kept higher to prevent their flutter. 
c.Fatigue analysis of different aircraft parts is 
generally carried out using cycles count from 
standard normal acceleration data of CG sensor. 
However, the vibration of associated structures (wing 
or stores) must not be overlooked and the additional 
stress reversals due to vibration of associated 
structures should also be applied at higher CG load 
factors 
d.Modal analysis simulations for fatigue load 
contributing struc-tures may be carried out to 
estimate additional loading ampli-tudes for their 
incorporation to combined cyclic loading spec-trum. 
Fatigue analysis is generally performed to critical 
parts such as joints and spars near aircraft wing root. 
e.While performing the failure analysis simulations, 
Virtual Crack Closure Technique may be adopted as 
the most conser-vative approach among other fracture 
mechanics techniques. 
f.While incorporating final factor of safety, FE model 
calibration and correlation factors may also be 
included for greater confi-dence in the design. 
AndrzejKatunin[2015] The analysis of results was 
performed using the developed damage indices and 
has shown comparatively good detectability of 
damage. This technique, however, cannot be used as 
a NDT tool for precise damage characterization when 
using low number of PZT transducers. The 
application of this technique is limited to rough 
condition monitoring of composite structures and 
could be considered as an initial step to the inspection 
of structures. The same structures were tested using 
ultrasonic scanning and pulsed thermography. Both 
techniques have revealed great effectiveness in 
detection and localization of introduced impact 
damage. However, the thermographic technique was 
not able to detect the damage of the lowest impact 
energy in the GFRP structure. Although ultrasonic 
technique provides more detailed damage evaluation 
 P Karthigeyan[2017] The results were that after 
dipping the composite material sample in the sea 
water for seven days, its weight has been increased 
and its hardness was found to be decreased from its 
previous hardness number. After heating process the 
sample is subjected to acceleration. Sample is 
accelerated for nearly seventy two hours, the weight 
has further increased and its hardness value found to 
further decreased. Thus it shows that heating of this 
composite material causes increase in weight and 
decrease in hardness. Also it has shown that this 

composite material is 80% lesser weight than iron and 
it is 60% lesser weight than aluminium. So, by 
employing this composite material in aircraft 
industries, more than 800 kilogram of reduced for the 
construction of aero planes. LiuWencheng[2011]The 
determination principles and methods for material 
allowable value and design allowable value of the 
composite Aircraft Structures, which referred to the 
design and certification process, the methods for 
confirming material and design allowable values of 
composite structures, the indication and application, 
test and statistical analysis methods of material 
allowable value were clarified, and analyzing the 
method of determining static strength, fatigue 
strength, damage tolerance and repair design 
allowable value. Nikhil V Nayak[2014] The 
Composite materials offer high fatigue and corrosion 
resistance. Composite materials have high strength to 
weight ratio. So they are best suited for various 
aerospace applications. 
 
III. COMPOSITE MATERIALS 
 
One may define a composite as material as a 
materials system which consists of a mixture or 
combination of two or more micro constituents 
mutually insoluble and differing in form and/or 
material composition.[1] In modern materials 
engineering, the term usually refers to a “matrix” 
material that is reinforced with fibers. For instance, 
the term “FRP" (Fiber Reinforced Plastic) usually 
indicates a thermosetting polyester matrix containing 
glass fibers.[8]  In simple words composite material 
is a combination of reinforcement and matrix. 
a) Reinforcement 
The primary function of the reinforcement in 
composites reinforced with continuous fibers is to 
provide strength and stiffness and to support the 
structural load.  
b) Matrix 
The purpose of the matrix is to provide shape and 
form, to protect the fibers from structural damage and 
adverse chemical attack, to distribute stress, and to 
provide toughness. The matrix also stabilizes the 
composite against buckling in compressive loading 
situations.[8] 

 
Figure 1: Composition of composites 
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IV.CLASSIFICATIONS OF COMPOSITE 
MATERIALS 
On basis of matrix used in composite material it can 
be classified into three types such as: Metal 
matrixcomposite, Ceramic matrix composite and 
Polymer matrix composites. 

 
Figure 2: Types of Composite Materials 

Polymer, Plastics matrix based composite materials 
constitute more than 95 per cent of composite 
materials in use today. Both thermosets as well as 
thermoplastics are used as matrix materials. As 
thermosets mostly exist in liquid state before cross-
linking, it is very convenient to combine 
reinforcements in the required proportion, shape the 
product and cure it into solid. Thermoplastics, on the 
other hand, have to be heated and liquefied for adding 
inserts. On basis of reinforcement composite 
materials can be classified as shown in following 
diagram: 
 

 

 
Figure 3: Classification of composite materials [15] 

 
According to the classification on the basis of 
reinforcement composite materials can be classified 
as synthetic composites and natural composite. In 
synthetic composites there are two type phased 
composites and layers composites. Layered 
composites sub categorized as laminated composites 
and sandwich composite while phased composites 
can be sub categorized as fibrous composites, flake 
composites, particulate composites. 

 
 
V. FEATURES OF AIRCRAFT STRUCTURES 
 
Light weight: Materials for the aircraft structures 
should be as light weight as possible, as more weight 
results in more fuel consumptions and in today’s era 
we all are well know from the fuel crisis and higher 
cost of fossil fuels.High reliability: The quality of 
being trustworthy or of performing consistently well 
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is called as reliability. Any materials having use as 
structural parts must have very high reliability. 
Passenger Safety: passenger safety is a prime and 
unavoidable feature of aircraft structures. Corrosion 
resistance: corrosion affects properties of materials 
and makes materials to underperform. It is very 
preferable that materials are corrosion resistance 
while considering structural use. Aerodynamic 
performance: Aircrafts are having very unique 
properties related to aerodynamics. As there is very 
close concern of working of aircrafts and air 
resistance. Small change in aerodynamic design 
differs a lot in performance of aircraft. So structural 
materials for aircrafts must have design flexibility 
and ease of creating different shapes. Stealth: This 
feature is useful for military applications. It allows 
aircraft to hide from radars of enemy. Bullet-proof 
phenomenon is also preferable in some applications. 
All-weather operation: Structures for aircraft must 
have all-weather operational characteristics. As there 
is wide variation in climate conditions along the 
globe and aircrafts have to sustain in different 
climatic conditions. 
 
VI. THE APPLICATIONS OF COMPOSITE 
MATERIALS IN AEROSPACE INDUSRTY 
 

It is important to note that the three most common 
existing types of composites are reinforced with 
fiberglass, carbon fiber and aramid fiber. It is also 
interesting that each of these types has subtypes 
which provides for a wide variety of composites. 
Several types of composites are commonly used in 
the aerospace industry. For example, Fiberglass is a 
fiber reinforced polymer made of a plastic matrix 
reinforced by fine fibers of glass. It is a lightweight, 
extremely strong and robust material. Although 
strength properties are somewhat lower than carbon 
fiber and it is less stiff, the material is typically far 
less brittle, and the raw materials are much less 
expensive.   
 
Carbon-fiber-reinforced polymer is an extremely 
strong and light fiber-reinforced polymer which 
contains carbon fibers. The composite may contain 
other fibers, such as aramid, e.g. kevlar, twaron, 
aluminium or glass fibers, as well as carbon fibers. 
Aramid fiber is a class of heart-resistant and strong 
synthetic fibers. They are used in aerospace and 
military applications, for ballistic rated body armour 
fabric and ballistic composites, in bicycle tires, and as 
an asbestos substitute. The following tables table 1 
and table 2 shows different reinforcement and 
matrices used in aerospace application.

 
Table 1 Reinforcing fibers commonly use in aerospace applications [1] 

Fiber Subcategory Density 
(g/cc) 

Modulus 
(GPa) 

Strength 
(GPa) 

Application areas 

Glass 
 

 
E-glass 
 
 
 
S-glass 

 
2.55 
 
 
 
2.47 

 
65-75 
 
 
 
85-95 

 
2.2-2.6 
 
 
 
4.4-4.8 

 
Small passenger a/c parts, a/c 
interiors, secondary parts: 
Radomes, Rocket motor castings 
Highly loaded parts in small 
passenger a/c. 

Aramid 
 

 
Low modulus 
Intermediate modulus 
High modulus 

 
1.44 
1.44 
 
1.48 

 
80-85 
120-128 
 
160-170 

 
2.7-2.8 
2.7-2.8 
 
2.3-2.4 

 
Fairings: non-load bearing parts 
Radomes, some structural parts: 
rocket motor castings. 
Highly loaded parts.  

Carbon 
 

 
Standard modulus 
(High strength) 
Intermediate modulus 
High modulus 
 
Ultra-high strength 

 
1.77-1.80 
 
 
1.77-1.81 
 
1.77-1.80 
 
1.80-1.82 

 
220-240 
 
 
270-300 
 
390-450 
 
290-310 

 
3.0-3.5 
 
 
5.4-5.7 
 
2.8-3.0 
4.0-4.5 
7.0-7.5 

 
Widely used for almost all types 
of parts in a/c satellites, antenna 
dishes, missiles, etc. 
Primary structural parts in high 
performance fighters 
Space structures, control surfaces 
in a/c 
Primary structural parts in high 
performance fighters, spacecraft 

 
Table 2: Polymeric matrices commonly used in aerospace sector [1] 

Thermosets Thermoplastics 
Forms cross-linked networks in polymerization curing by heating No chemical 

change 

Epoxies Phenolics Polyester Polyimides PPS, PEEK 
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•Most popular 
•80% of total composite 
usages 
•Moderately high temp. 
•Comparatively 
expensive 

•Cheaper 
•Lower viscosity 
•Easy to usage 
•Difficult to get good 
quality composites 

•Cheap 
•Easy to use 
•Popular for general 
applications at room 
temp. 

•High temp. 
application 
300°C 
•Difficult to 
process 
•Brittle 

•Good damage 
tolerance 
•Difficult to 
process as high 
300-400°C 

•Low shrinkage (2-3%) 
•No release of volatile 
during curing 

•More shrinkage 
•Release of volatile 
during curing 

•High shrinkage (7-
8%) 
 

  

•Can be polymerized in 
several ways giving 
varieties of structures, 
morphology and wide 
range of properties 

•Inherent stability for 
thermal oxidation 
•Good fire and flame 
retardation 
•Brittle than epoxies 

•Good chemical 
resistance  
•Wide range of 
properties but lower 
than epoxies 
•Brittle 
•Low Tg 

  

•Good storage stability 
to make prepegs 

•Less storage 
stability-difficult to 
prepegs 

•Difficult to prepeg  •Infinite storage 
life but difficult 
to prepeg 

•Absolute moisture (5-
6%) causing swelling 
and degradation of high 
temp properties. 
•Also ultra violet 
degradation in long term 

•Absorbs moisture 
but no significant 
effect of moisture in 
working service 
range 

•Less sensitive to 
moisture than epoxies 

 •No moisture 
absorption 

 
Composite materials maximise weight reduction – as 
they typically are 20% lighter than aluminium and are 
known to be more reliable than other traditional 
metallic materials, leading to reduced aircraft 
maintenance costs, and a lower number of inspections 
during service. Most aerospace composites use 
prepregs as raw materials with autoclave moulding as 
a popular fabrication process. Filament winding is 
popular with shell like components such as rocket 
motor casings for launch vehicles and missiles. Oven 
curing or room temperature curing is used mostly 
with glass fiber composites used in low speed small 
aircraft. It is common to use composite tooling where 
production rates are small or moderate; however, 
where large numbers of components are required, 
metallic conventional tooling is preferred. Resin 
injection moulding also finds use in special 
components such as radomes. Advanced composites 
do not corrode like metals – the combination of 
corrosion and fatigue cracking is a significant 
problem for aluminum commercial fuselage structure. 
Other positive attributes include excellent fatigue and 
corrosion resistance and good impact resistance.  
Composite materials can provide a much better 
strength-to-weight ratio than metals: sometimes by as 
much as 20% better. The lower weight results in 
lower fuel consumption and emissions and, because 
plastic structures need fewer riveted joints, enhanced 
aerodynamic efficiencies and lower manufacturing 
costs. The aviation industry was, naturally, attracted 
by such benefits when composites first made an 

appearance, but it was the manufacturers of military 
aircraft who initially seized the opportunity to exploit 
their use to improve the speed and maneuverability of 
their products. Weight is everything when it comes to 
heavier-than-air machines, and designers have striven 
continuously to improve lift to weight ratios since 
man first took to the air. Composites materials played 
a major part in weight reduction, and today there are 
3 main types in use: carbon fiber, glass and aramid – 
reinforced epoxy.  
 
 CFRP (Carbon Fiber reinforced Polymer) 
 GFRP (Glass Fiber reinforced Polymer) 
 Aramid Fiber Reinforced Polymers 
 
The use of composite-based components in place of 
metal as part of maintenance cycles is growing 
rapidly in commercial and leisure aviation. Overall, 
carbon fiber is the most widely used composite fiber 
in aerospace applications. 
 
VII. FABRICATION PROCESSES OF 
COMPOSITE MATERIALS 
 
Though there are many different types of fabrication 
process for composite materials. Some of them are as 
follow: 
1. Wet/Hand Lay-Up/Spray Lay-Up 
2. Autoclave Curing 
3. Filament Winding 
4. Pultrusion 
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Hand Lay-Up method. Once all materials are 
prepared, the work stations ready, the mould 
preparation done, the first step is to mix the resin and 
the hardener. Next an adequate of mixed resin and 
hardener is deposited in the mould and a brush or 
roller is used to spread it around all surface. The first 
layer of fiber reinforcement is then laid. This layer 
must be wetted with resin and then softly pressing 
using a brush or a roller make the resin that was 
added in the previous step wick up through the 
reinforcement cloth. If the fiber is not completely 
wet, more resin can be added over the top and spread 
around. At this stage a second layer of glass fiber is 
added and special care must be taken to eliminate all 
air bubbles possible. [12] 
 
During the experiment, the surface of clean plate flat 
surface was waxed to facilitate easy removal of the 
laminate before apply mix of resin on the waxed 
surface. Then, cut the first fiber layer into required 
dimension and placed on the top of that and apply the 
resin again. Make even the resin using serrated roller 
and brush and removed all trapped air in resin and 
fiber. Repeat this step for the next layer until 6 layers. 
Finally, cover the layers with waxed flat surface and 
put load on the top of it to produce a better surface. 
Specimen was cured at room temperature for 24h in 
ambient condition. Then, it was cut into the specimen 
dimension which is 25 mm x 250 mm. [1]  
 
Three different laminates with different carbon/glass 
fiber proportions are fabricated using vacuum bag 
technique.At first the fabrication of laminates are 
done by hand layup technique at room temperature. 
Required layers of fibers were taken and weighed. 
equal amount of epoxy resin is taken in a beaker, at a 
ratio of 100:45 hardener is added to the resin and 
stirred well. The fibers were positioned in the open 
mold and the mixture made of resin and hardener is 
brushed uniformly over the glass and carbon plies 
alternatively. The mold surface must be cleaned with 
acetone so that it does not bond with the laminate. 
The excess amount of mixture and trapped air is 
removed by roller to complete the laminate structure. 
Then vacuum bagging technique is carried out on the 
laminate to uniformly distribute the resin and also to 
remove any trapped air. The composite is cured at 
room temperature for more than one day.[14] 
 
VIII. TESTS FOR PERFORMANCE 
EVALUATION 
 
Various tests have been carried out to find the 
performance of different Composite Materials in 
various studies. Some important tests are as follows: 
 
Tensile test:The tensile test was undertaken using 
Material Test System (MTS) machine. [1]. Tensile 
test is carried out on ASTM D638 standard moulded 
CFRP laminates to know the ultimate tensile strength 

and cross breaking strength. [12]ASTM D3039 is 
followed for tensile test. The specimen was fixed 
between two adjustable grips of 50KN computerized 
Universal Testing Machine (UTM) at room 
temperature and load was applied till it factures. The 
elongation and maximum load is noted during the 
experiment. Test is repeated for all the specimens and 
the values are noted to calculate tensile strength.[14] 
 
Moisture Absorption Test:The percent increase in 
weight of a material after exposure to water under 
specified conditions. Water absorption can influence 
mechanical and electrical properties. Calculation of 
moisture absorption can be done at atmospheric 
temperature for 7 days. [3] 
 
Test for Flexural Strength:The flexure test method 
measures behaviour of materials subjected to simple 
beam loading. The 3-point bending test is used to find 
the flexural modulus, flexural strength and strain at 
break of the Basalt fiber reinforced polymer 
composites. Flexural test is conducted on Universal 
Testing machine with cross head speed of 2 mm/min 
according to ASTM D790-98. The sample 
dimensions are 127 mm×13 mm×3 mm. The span 
length of 100 mm is maintained. [13] 
 
Test for Impact Strength:Impact test is used to 
determine the amount of impact energy that was 
required to break the specimen. An un notched Izod 
Impact test is conducted to study the impact energy 
according to ASTM D256. The un-notched 
specimens are kept in a cantilever position, and a 
pendulum has swung around to break the specimen. 
The impact energy (J) is calculated using a dial gauge 
that is fitted on the machine. Five samples were taken 
for each test. [13] 
 
Charpy Impact Test:ASTM E23- 12c is followed 
for charpy impact test. The test is performed by fixing 
the specimen at the both ends and the striker impacts 
the specimen. This test is done to know the energy 
absorbed by the specimen prier to fracture. [14] 
Hardness Test: Hardness is the property of a 
material that enables it to resist plastic deformation, 
usually by penetration. However, the term hardness 
may also refer to resistance to bending, scratching, 
abrasion or cutting. [3]Durometer scales: The two 
most commonly used durometer scales for 
measurement are ASTM D2240, type A and type D 
scales. [3] 
 
3 Point Bending Test:ASTM D790 is followed for 
the three point bending test. The test is performed to 
measure the flexural strength of the material; the test 
is performed in a universal testing machine with a 
three point fixture. The specimen is placed on a two 
point support and the stress is applied on the 
specimen by the third point at the middle of the 
specimen till it fractures. [14] 
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Compression Test: The compression test on CFRP 
laminate has also been done according to ASTM D 
790-03 standard. [12] 
 
RESULT AND DISCUSSION 
 
Many researchers tabulated the experimental data and 
compared average values available from different 
tests. P. Amuthakkannan examined specimens, 
subjected to tensile strength, flexural strength and 
impact strength test and the failure with the help of 
scanning electron microscopy (SEM). [13]Graphs 
available from the testing are plays very important 
role for result evaluations. 
 
CONCLUSION 
 
Performance of CFRP, GFRP and Aramid Fiber 
Reinforced Polymers composite material can be 
evaluated before and after absorption of moisture, On 
the basis of different types of tests. Effect of moisture 
absorption on different properties can be determined. 
Comparative performance evaluation leads to the 
selection of best material for the specific aerospace 
application. 
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