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Abstract
In today’s aviation market research has been performed in 
increasing the efficiency of airplanes using different technologies 
and invention of new materials. Today planes are made of carbon 
fiber which is light and strong material thanaluminum, this material 
increases efficiency of plane by reducing its weight without 
compromising with strength. Recently new material, stronger and 
lighter than carbon fiber has been developed. This material is made 
of carbon tubes and is known by name Carbon Nanotube (CNT). 
This study investigates the use of carbon nanotubes as molecular 
fiber in a polymer (Epoxy) matrix to form new composite material, 
it also illustrates the impact when incorporating Carbon Nanotube 
Reinforced Polymer (CNRP) composites in an aircraft wing. 
Mechanical Properties of CNRP are found for (SWNT) single 
walled carbon nanotube with volume fractions (0.5, 0.6, 0.7, and 
0.8 vol%) as an inclusion in Epoxy matrix. Mechanical properties 
of this new Composite material is compared with Aluminium.
In this simulation the volume of airframe airgradealuminium is 
replaced with equivalent volume of the new Composite material 
with no change to airframe design. Using simulated CNRP 
composite structured airframe weigh estimates and Structural 
Analysis was performed.
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I. Introduction
The main objective of any aircraft designer is the search for a 
material that is lightweight and strong, so that efficiency of aircraft 
can be increased.
Since the 20th century Aluminum has been widely used in 
construction of aircraft wings because of its high strength to weight 
ratio. But in recent years it has been seen that aluminum is being 
replaced by carbon fiber reinforced polymer (CFRP) because of 
its more strength to weight ratio compared to aluminum. Because 
of this property Boeing used CFRP in its 787 Dreamliner. Carbon 
nanotubes holds promise for the future. But after the discovery of 
new allotrope of carbon popularly known as “carbon nanotubes” 
in 1991 large sectors of industries are convinced by its high 
mechanical strength, electrical properties, compared to any other 
material the world. As it exhibited the best mechanical, electrical 
and thermal properties researchers named it the “ultimate fiber”.
Carbon nanotube reinforced polymers (CNRP) are being researched 
since they are lighter than steel and exhibit roughly eighty times the 
strength, six times the toughness of high carbon steel. Moreover 
these nanotubes are extremely ductile and stiff. It could also be 
used as reinforcement in the composite materials.Present day 
commercial aircraft uses graphite –epoxy based composites in 
airframes and are structured with aluminum alloys. These graphite-
epoxy based composites can be replaced by Carbon Nanotube 
Reinforced Polymer (CNRP). The polymer matrix (epoxy resin) 
when combined with carbon nanotubes increases its mechanical 
and electrical properties [1]. There are a number of literature 
reviews on the conductive and mechanical properties of CNT–

polymer composites.CNTs have been also investigated as additives 
in polymers such as epoxy, polycarbonates, polyethylene’s, 
polyurethanes, polyamides, polyamides, polystyrene, and many 
others. Methods of incorporating the CNT vary greatly, as do 
observed impacts of the CNT on properties of polymers, from 
reduced performance to significantly increased mechanical 
properties and electrical conductivity. The main challenge has 
been achieving uniform dispersion of the CNT within a polymer 
matrix because improved dispersion will lead to improved 
mechanical, electrical, and optical properties of composites[2]. 
Optimizing interfacial adhesion between the CNT and polymer 
matrix has also been determined as an essential factor in extracting 
positive benefit from CNT additives. Functionalizing the CNT 
with specific chemistry optimized for a given polymer matrix is 
often necessary to achieve good CNT dispersion and improved 
polymer properties.
One of the most typical methods for preparing CNT–polymer 
composites has been to combine each part into a precise solvent 
and evaporate the latter to create a composite film. The general 
procedure for all solution processing methods includes the 
dispersion of CNT powder in a liquid medium by vigorous 
stirring, combining the CNT dispersion with a polymer solution 
and controlled evaporation of the solvent with or without vacuum 
conditions.

II. Important Equations Involved

A. Carbon Nanotube
Depending on the process used for CNT synthesis, Carbon 
nanotubes can be classified into single-walled and multi walled 
carbon nanotubes (SWCNTs and MWCNTs). Some scientists claim 
the carbon nanotube to be “the strongest material that will ever 
be made.”  Single-walled Nanotubes (SWNT) characteristically 
exhibit the highest toughness and Young’s modulus[3]. SWCNTs 
consist of a single graphene layers although both single and Multi-
Walled Nanotubes (MWNT) exhibit outstanding strength and 
modulus. Pure SWNT’s prove exceptional as reinforcing fibers 
for a carbon nanotube reinforced polymer composite [4].
Critical length of carbon nanotube is very important to create a 
strong interfacial connection for efficient transfer of load. From 
the past research in CNT’s it can be seen that with increase in CNT 
length, strength of CNRP increases due to load transfer through a 
reduced number of junctions for longer SWCNTs[5]. As a result 
carbon nanotube of Critical length 1,500 μm have been used. 
Aspect ratio of CNT is taken 380, with diameter of 2.9nm.

Critical Length;   

lc = critical length
σf =Fracture stress

τc =interfacial strength
D =fibre length 



IJRMET Vol. 6, IssuE 2, May - ocT 2016

w w w . i j r m e t . c o m INterNatIONal JOurNal Of reSearch IN MechaNIcal eNgINeerINg & techNOlOgy 101

 ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

Young’s Modulus;  

∆E = increment of potential energy
A = is the cross sectional area of SWCNT

∆l = is the increment of the length

And,

Aspect Ratio,   

l/d = Lenght to diameter ratio

B. Carbon Nanotube Reinforced Polymer Composite
Classically, composites consist of a high-modulus fiber in a low-
modulus matrix[6], where the fiber toughens and strengthens the 
binding material, or matrix. Due to their exceptional mechanical 
properties,  Single Walled Nanotubes (SWNT) are commonly used 
as the reinforcing fiber in carbon nanotube composite , and will 
be used for the CNRP property estimates to follow. 

In this analysis, the density, tensile strength, and Young’s Modulus 
are known for the polymer matrix and the nanotube molecule [7]. 
The following analysis includes epoxy as the polymer matrix 
material and SWNT’s of different volumes fractions as the high 
modulus phase.  

Ec = fEf + (1-f) Em

Ec = Young' s Modulus Composite
f = vol fraction of fibre

Ef = Young' s Modulus Fibre
Em = Young' s Modulus Matrix 

Vf = vol% of fibre
Vm = vol% matrix

E = 3B(1-2ϑ)
E = Young' s Modulus of Composite

B = Bulk Modulus of Composite
ϑ = Poisson' s ratio

Therefore values from calculation are shown in the Table 1:

Table 1: Comparison between CNRP with different concentration 
of SWNT’s Poisson ratio and Young’s Modulus.
CNRP % SWNT Poisson’s ratio Young’s Modulus (Gpa)
50 0.32 236
60 0.29 286
70 0.27 337
80 0.30 390
Aluminum 0.32 71

III. Methodology

A. Catia-V5R20
A model of aircraft wing was designed in CATIA-V5. 
The first step is to get the airfoil shape in the CATIA V5 R18, part 
design this is done with the help of software known as “design 
foil software” which is available for 5 days as a trial version. 
Airfoil shape by plotting the co-ordinates in the catia part design 
workbench, all the co-ordinates are the function of the chord 
length, that is (x/c, y/c).
Before importing the .CAT file to the Ansys workbench, the file 
has to be converted into .IGS format.
There will be some data loss during conversion and importing 
process resulting in approximate results in ANSYS workbench.

B. Digimat-MF

Fig. 1: Final Stress vs Strain Graph Obtained from DIGIMAT-MF 
for Different Concentration of Carbon Nanotubes in Epoxy.

To create a new composite material, CNT at different volumetric 
fractions (50%, 60%, 70% and 80%) was added to polymer matrix 
Epoxy in DIGIMAT mean homogenization software.
Phase behavior of inclusion i.e. CNT was taken as deformable 
with isotropic elastic properties[8]. Material properties like aspect 
ratio, density, young’s modulus, tensile strength etc.Were entered. 
Fibers were aligned perpendicular to the matrix polymer fibers 
for strong bonding and increased strength and increasing density, 
shown in Table 2 [9]. The analysis was then performed and the 
stress- strain curve and engineering isotropic elasticity constants 
for the composite material was obtained.

Table 2: Representation of CNRP Density, With Different 
Percentage of SWNT.
CNRP % SWNT Density (kg/m3)
 50          1385
 60          1428
 70          1471
 80          1514
Aluminum          2770

Composite Tensile modulus Yc = (Yf - Ym) Vf + Ym

Yf = fibre modulus
Ym = Matrix modulus

Vf = Fiber volume fraction

C. Ansys Meshing
Model of wing was transferred from CATIA-V5 to Ansys, by first 
saving in .igs format
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Fig. 2: Mesh in Ansys.

The formatted material once imported was generated and later 
meshed. The mesh size for the object was given as 0.1 mm using 
tetrahedral mesh, shown in fig. 2. Once created it was refined by 
adjusting the mesh skewness and the aspect ratio. This was done 
by adjusting the relevance to improve the quality of the mesh. 
The proper boundary condition were inputted in the workbench 
and Static analysis was performed to find various parameters in 
ansys. The parameters that were obtained are Deformation, Von-
mises stress and Von-mises strain. Modal analysis was also done 
on the wing to check for the safety of the wing duing to vibration 
during flight.

IV. Static Structural Analysis

A. Boundry Conditions
Table 3: Boundary Conditions
Property Value
Geometry Solid
Mesh Size 0.1 mm
Pressure acting at top edge in 
downward direction 0.38 Mpa

Pressure acting at mid-bottom 
of bottom edge -0.02 Mpa

Pressure acting on bottom edge -0.073 Mpa
Pressure acting on back side of 
rear edge 0.03 Mpa

Material CNT-Epoxy Composite
Mesh type Tetrahedral
Phase Behavior Isotropic elastic

From the fig. 3, 4 and 5 we can see that:

Pressure acting at top edge in downward direction is 0.384 
Mpa.
Pressure acting at mid-bottom of top edge in upward direction 
is 0.204 Mpa.
Pressure acting at mid-bottom of bottom edge in downward 
direction is -0.02 Mpa.
Pressure acting on bottom edge in downward direction is -0.073 
Mpa.
Pressure acting on rear edge in top direction is -0.037 Mpa.
Pressure acting on back side of rear edge is 0.03 Mpa.

Fig. 3: Boundary Conditions Applied to the Wings

B. Total Deformation

Fig. 4: Total Deformation

Fig. 5: Plotting Graph for Axial Deformation

Static deformation analysis is performed on aircraft wing under 
the pressure as shown in Table 3, and under unstable and rigid 
conditions that are encountered by plane during the flight. Different 
values of deformation, stress and strain along the axial length and 
along the non-fixed edge length are found using this analysis. 
Consequently from the graph conclusion is made.

V. Results and Conclusion

Fig. 6: Total Deformation Axially

Fig. 7: Total Deformation Radial
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Fig. 8: Total Von-misses Strain Axial

Fig. 9: Total Von-misses Strain Radial

From fig. 6 and fig. 7, deformation graph obtained from ansys 
we can conclude that deformation of Aluminum (8.7mm) is far 
more than CNRP (1.6-2.7 mm) along the axial length and radial 
length. It can also be seen that with increase in concentration of 
CNT in epoxy- strength of polymer increases and the material 
gets tougher.

From fig. 8 and fig. 9, elastic strain graph it is concluded that, 
strain experienced by Aluminum (0.00081)which is again more 
than that of CNRP (0.0001-0.0002). And with increase in CNT 
volume fraction strain experienced by wing due to external forces 
also decreases, which evidently shows that strength of CNRP is 
higher than aluminum and strength increases with increase in CNT 
concentration in Epoxy to certain level. This strength is achieved 
at low weight of CNRP when compared to aluminum.

Hence calculation of the mass is done with volume found from 
Catia and density from Digimat. Mass of Aircraft wings decrease 
drastically with CNRP 50% being 50%, CNRP 60 being 51.55%, 
CNRP 70 being 53.10% and CNRP 80 being 54.65% lighter than 
aluminum.

From point (2) it is evident that CNRP is stronger and lighter than 
Aluminum. By comparing the data of total mass, deformation 
Stress and Strain it can be safely concluded that CNRP with CNT 
concentration of 80% is the best to make aircraft wings as it not 
only increases strength but also leads to decrease in weight of the 
plane there by conserving fuel.

VI. Conclusion
It can hence be concluded that replacing Aerospace grade aluminum 
with CNT 80% will lead to large increase in strength and toughness 
and also leads to reduction in weight. Hence Carbon Nano tube 
reinforced polymer is a good potential candidate for application 
in Aerospace especially for the wing design.
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