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I. INTRODUCTION 
 
Graphene consists of a single atomic layer of carbon, 
arranged in a honey comb lattice, two-dimensional 
(2D) sheet of carbon atoms, or we can say that the 
first two- dimensional material, graphene, which 
consists of sp2 bonded carbon atoms in honeycomb 
network, has been in limelight of research in 
condensed matter physics. 
The unique properties of graphene arise due to the 
long range π conjugation which results in high value 
of Young’s modulus (∼ 	1TPa)  high thermal 
conductivity (∼ 5000 W/m K)4 and high mobility of 
charge carriers(∼ 200000cm2V−1s−1)5 
The world’s thinnest material is set to revolutionize 
almost every part of everyday. Many applications are 
being made of Graphene sheet (GS) and Graphene 
based Nano tube (GCNT) 
That was until it was isolated in 2004 by two 
researchers at the University of Manchester, Prof 
Andre Geimand Prof KostyaNonoselov. They got 
Nobel Prize in 2010 in physics for this invention. 
Graphene, millions of ultra-thin layers that stack 
together to form graphite commonly found in pencils, 
was first studied in 1947. 
That electric current would be carried effectively by 
massless charge carriers in Graphene was pointed out 
theoretically in 1984, and the name ‘Graphene ‘was 
first mentioned in1987 to describe the Graphene 
layers. The term was used extensively in work on 
carbon Nano tubes. 

 
GRAPHENE PROPERTIES: 
Graphene- the world’s first 2 D material, since its 
isolation in 2004, it has captured the attention of 
scientists, researchers and the industry worldwide. 

 It is ultra-light yet immensely tough 
 It is 200 times stronger than steel, but it is 

incredibly flexible. 
 It is fire resistant yet retains heat. 
 It is superconductor and can act as a perfect 

barrier – Helium cannot pass through it.  It is 
highly stretchable. 

CURRENT APPLICATION: 
At the University of Manchester, Graphene research 
is focused on the following - 
Energy; Membrane; composites; and coatings; 
biomedical; sensors; Electronics. 
This is only the beginning. The potential of Graphene 
is limited only by imagination.  

 

 
Fig.1.  Atomic structure of Graphene. 
 
 

II. SIMULATION USING ANSYS 
 
ANSYS is an engineering software which can be used 
to analyze various results according to our 
requirements.  Sometimes we call it as finite element 
modeling & simulation tool. 
Historically, finite element modeling tools were only 
capable of solving the simplest engineering problems 
which tended to reduce the problem to a manageable 
size and scope.  These early FEA tools could 
generally solve steady-state, linear problems in two 
dimensions. The factors that forced these 
simplifications were lack of efficient computational 
techniques and the computing power to model more 
complex real-life problems.    
As numerical computation techniques have advanced 
and computing power has increased, analysis tools 
have also advanced to solve more complex problems.   
A real-life engineering problem may involve different 
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physics such as fluid flow, heat transfer, 
electromagnetism and other factors.  The finite 
element method has been used to solve engineering 
problems in all of these areas successfully and the 
goal of most software developers is to include as 
much of the real-world in the simulation they perform 
as possible. 
However, in many situations, use of simplifying 
assumptions such as symmetry, axisymmetric, plane 
stress, plane strain, etc., are still preferable for using a 
complete three dimensional model because of the 
efficiency it provides.  
The ANSYS philosophy can be summarized as the 
one that aims to simulate the complete real-life 
engineering problems. 

 
Steps required to solve a problem:- 

1. Attach to geometry.  Identify the geometry 
(CAD) model that will be used in your  

2. simulation.  The model may have been created 
in Design Modeler or in some other CAD tool.  

 
2. Define/Assign material properties.  Specify the 
type of material each part of your model is made of.  
You can assign material types from a small database 
supplied with Workbench or if the material is not in 
the database you must define it using the Engineering 
Materials application.  
 
3. Define the analysis type.   Set the type of analysis 
you will be performing such as Static Structural, 
Model or Steady-state heat transfer.  
 
4. Set loading and boundary conditions.  Specify 
how your model is constrained and what loads are 
acting on it.  
 
5. Request results.  Specify the result quantities that 
you want to see once the problem has been solved.  

 
 

6. Solve.  Request that Simulation solves the problem 
you have defined and computes the results you 
requested.  
 
7. Review of results. Review the results of the 
analysis that you requested in step 5.  

 
8. Generate a report.  This step is optional but is 
recommended. Generate an HTML report which 
includes the inputs to your simulation, the results and 
any comments you want to add.  You can publish the 
report or e-mail it in various formats. 

COMPARISON of structural steel and Graphene 
Using ANSYS – (With respect to strength) - 
sample Evaluation: 
Taken a sample plate (dimensions and properties are 
given in the table) with a hole and applied 1000 N 
load at one section in x-direction and other side 
section is fixed at  
 

 
Fig.2. Ansys Menu 

 

 
Structural Steel properties 

 

 
 

 
 

Properties of steel used by ANSYS- 
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Result of structural steel in ANSYS TOOL 
Report:- 

 
 
The performance of plasma sprayed based YSZ TBCs 
systems on aluminium alloys is a very important in 
the automotive industry. In the keeping view of 
application of aluminum alloys in the automotive 
industry, the durability of 2024 AA with TBCs 
systems was studied for high temperature 
applications. This article investigate the thermal 
fatigue behaviour of plasma sprayed based YSZ 
TBCs systems for 2024 aluminium alloy (AA). 

 
Minimum & maximum respectively. 
Properties of Graphene used in ANSYS- 

 
 

 
 

III. RESULTS AND DISCUSSION 
 
Results of Graphene  

 

 
 
After comparing the results like total deformation, 
stresses, and shear elastic strain we found that 
Graphene has high strength and lower deformation as 
well. 

As graphene is a one atomic layer thickness, so it’s a 
lightest in weight.We can use graphene as composite 
in structure and it will give high strength to structure 
than any other material.  Therefore, the concentration 
is mostly on Graphene composites.Since Graphene 
has lower deformation, we can use ANSYS 
mechanical APDL for modelling of composite 
material, we will compare the composite of graphene 
& carbon std fabric with only carbon std fabric 
(mostly used in aircraft structure). 
 

 
Comparison of std CF fabric and Graphene with 
std CF fabric as a composite material 
 

 
Experimental and simulation result of std CF 
fabric and graphene with std fabric in respect of 
equivalent stresses and its deformation. 
 
In B 787 Aircraft 50% composite material is used 
which is std CF fabric. Graphene is light in weight 
than std CF fabric and also has multiple strong and 
unique properties so we are analyzing the result after 
introducing the Graphene with std CF fabric. 
As we are increasing the ratio of Graphene with std 
CF fabric and decreasing the same amount of ratio of 
std CF fabric we are getting good result with respect 
to stresses and deformation. 
 
1.1 STD CF FABRIC:- 
Properties- 
 

1. young modulus in 0 and 90 degree 
orientation- 70 GPa=0.07 TPa 

2. Poisson ratio- 0.1 
3. Ult Tensile strength- 600 MPa=60 MPa  

 
As std CF fabric is orthogonal in nature so we are 
giving the properties in every directional wise and the 
face sheets are (0/+45/+90/+90/+45/0). 
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All face is std CF fabric composite material. 
 
We have taken 6 layer of std CF fabric each 0.5 mm 
thicknessWhich have total 3 mm thickness of a plate 
of std CF fabric.In composite section in ANSYS we 
are analyzing the result first about its working 
stresses as well as its displacement /deformation after 
giving the load and boundary conditions to the 
sample plate. 
 
STD Fabric 

 
 
STD CF FABRIC – result of von miss stress, values 
in MPa 
(Red and blue indicate the max and min values) 

 
 
3.0 GRAPHENE:- 
Properties: 
Young modulus – 1.02 TPa =1020GPa = 1020,000 
MPa 
Poisson ratio – 0.42 
Tensile  strength – 130 GPa=130,000 MPa 
As Graphene is an Isotropic material, only one 
directional properties are given. 
Top face,3rd face and 5th  is std CF fabric and 2nd 
face 4th face and bottom face is Graphene based 
material and the face sheets are 
(0/+45/+90/+90/+45/0). 
 
3.1 Graphene with std carbon fiber (CF) 
 
We have added graphene layer by layer as a 
composite material. 
We have taken 6 layers in which 3 layers from 
Graphene and 3 layers from carbon fiber, each  of 
thickness 0.5 mm as previously taken in single 
material carbon fiber.  
Any how we are reducing the weight by using 
Graphene, because Graphene is lighter in weight than 

carbon fiber, volume may not change, but weight will 
change. 
After adding the layer of graphene of 1.5 mm and 1.5 
mm of carbon fiber, by using ANSYS, we are 
analyzing the result as done previously for single 
carbon fiber.Graphene with std carbon fiber (CF):3 
layers of graphene and 3 layers of CF –Use of shell 
modelling in ANSYS Mechanical APDL- 
 
3.3 Graphene with std carbon fiber (CF): von 
mises stress result 
 

 
 
 
3.4 Graphene with std carbon fiber 
(CF):displacement /deformation – (deformation is 
very small as compared to  that for std CF fabric 
(values are in m) 
 

 
 
CONCLUSIONS 
 
After comparing the results like total deformation, 
stresses, we found that Graphene has high strength 
and much lower deformation. 
We can use graphene as composite in structure and it 
will give high strength to structure than any another 
material. 
This simulation gives good result when Graphene is 
used as a layer in the composite material. 
Major areas where Aerospace industry is 
investigating are lightning strike protection 
(Graphene being a superconductor of electricity) and 
Graphene/Epoxy coating on Aircraft structure (due to 
its strength, light weight, anticorrosive property and 
hydrophobic nature of the material). 
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