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Abstract— High strength of Carbon nanotube reinforced composites has motivated us to study and understand the mechanical 
properties of carbon nanotubes. Carbon nanotubes finds its application in the field of automotive and aerospace industry as 
there is need of materials with high strength and stiffness in the structural parts of automotive and aerospace components such 
as panels of automotive sector (sheets) and as slender member structure (struts, frames) and stringers in fuselage and main 
wing. Most of the research works are carried out to replace some of the structural steel and aluminum alloy usage in the 
industry with carbon Nano tube (CNT) reinforced with polymer matrix, This paper mainly focuses on the FE modeling and 
structural analysis of CNT reinforced composites. Here the FE model was analyzed under flexural load and stress, strain, 
deflection, young’s modulus were obtained.  
 Keywords— CNT Composite, Polymer Matrix, Von mises, Structural Analysis,  Representative Volume Element Modeling. 

I. INTRODUCTION 
Carbon nanotubes are ‘allotrope’ of carbon. CNTs are in the form of cylindrical carbon molecule. Carbon nanotube belongs to the 
structural family of fullerene that have Bucky balls with spherical shape [1]. Carbon nanotubes (CNTs) are used in the Applications 
such as nanotechnology, electronics, and optics. Carbon nanotubes have high heat of conduction and high strength. Nanotubes 
diameter is of few nanometres (50,000 times less than width of human hair) but its length is in several millimetres.  
There are two main types of nanotubes: Single-walled nanotubes (SWNTs) and Multi-walled nanotubes (MWNTs) 
The materials which are embedded with nanoscale dimensions in a metal, ceramic or a polymer matrix with one or more phases are 
known as Nano composites [1]. CNTs are said to be the strongest material occurring in nature. CNTs are in the form of long hollow 
cylinder made of graphene. Though the symmetry of graphene sheets is 2D, from the geometry of CNT they have different 
properties occurring in axial direction and also in radial directions. It is found that along the axial direction the CNTs are stronger. 
The tensile strength and young’s modulus was obtained in the orders of 11 to 63 Giga Pascal. CNTs are soft along the radial 
direction. Bacon synthesized carbon nanotubes in 1960, but Iijima the genius realized that carbon nanotubes are obtained by rolling 
a graphene sheet by itself [2]. Multi walled carbon nanotubes are obtained by the concentric arrangements of many single walled 
nanotubes. The multi walled carbon Nano tubes is referred in this work. Extraordinary mechanical property of Carbon nanotubes 
were found from the experiments and simulations on comparison with fibers, strength of 100Gpa and stiffness up to 1000Gpa.  

II. GEOMETRY MODELING OF RVE AND CNT COMPOSITE 
The work involves the geometrical modeling of the CNT and later the CNT was meshed using ANSYS and was analyzed for 
flexural load. The same model was later on reinforced into the matrix which forms the CNT composite. And the model was 
analyzed for the same flexural load. The results from the FE analysis are compared with the analytical method. The parameters like 
Deflection, bending Modulus, and stress, strain are obtained for various loading conditions. 
The RVE used in the analysis has a length of 120 nm and its cross-section is 20 nm×20 nm which contains 5×5 cells. The structure 
of the CNT was similar to honeycomb, which was considered for RVE in present numerical analyses [3]. The in-plane axes are 
numbered 1 and 2 and the longitudinal direction was along 3-axis. The model was analysed for flexural with varios load cases 
starting from 5MPa to 15 MPa. The model with above dimensions are considered for the geometry of the CNT and with dimensions 
of 120nmx20nmx20nm.It has 3nm cell diameter and inter pore wall thickness of 0.6nm to 0.8nm and 3.7nm inter pore centre 
distance. The models were developed with front face of 20nmx20nm dimensions as area in Ansys as shown in figure 1. And 
extruded 120nm to get RVE. Around the CNT developed the matrix volume of polymer matrix of the dimension 
120nmx60nmx20nm was created using co-ordinate points.  

Material Model: Element type selected was based on the application as Solid285 8 noded brick, Young’s modulus of CNT was 
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taken as E=13Gpa and Poisson’s ratio for CNT is taken as 0.3. 

 
Fig 1: (a) RVE dimensions (b) Arrangement of internal cells. 

III. RESULTS AND DISCUSSIONS 
A. FE-Analysis for flexural loading of CNT 
In the FE analysis of CNT for three point bending (flexural load) the meshed model was applied with boundary conditions in which 
the nodes from left extreme down and right extreme down were fixed and load was applied on top mid nodes. Initial loading of 
5Mpa and was carried with load steps till 15 Mpa the analysis was focused on the study of deflection plots, stress and strain plots 
and also the young’s modulus.  
The FE analysis gives the enough information about the deflection, stress contours, strain values for the corresponding loads and 
also shows variation of various parameters like deflection for the load case, stress verses strain and load verses displacement 
1) Deflection Plots for Flexural Load of CNT: Figure 2, 3 and 4 shows the deflection of CNT for load starting from 5Mpa, 10Mpa 

and 15Mpa. The deflection at the center was more because of three point loading and it goes on increases with increase in the 
load. The deflection for 5Mpa was observed 0.126nm, and 0.252nm, 0.536nm for other two loading cases respectively.  

The below figures shows the deflection of CNT for various bending loads: 

 
Fig 2: Deflection plot for CNT with load 5Mpa              Fig 3: Deflection plot for CNT with load 10Mpa 

                                                
Fig 4: Deflection plot for CNT with load 15Mpa 

2) Stress Contours for Flexural Load of CNT: Figures 5, 6 and 7 shows the stress contours for all the load cases starting from 
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5Mpa to 15pa in the step size of 5Mpa. It was observed that initial stress induced in the specimen was very less in magnitude 
i.e. about 0.097Mpa minimum and 197MPa maximum for first load case. And it was observed that the stress was maximum at 
the point of application where it shows maximum deflection. As the load was increased the stress value reached to 394MPa and 
727MPa for load 10Mpa and 15Mpa respectively. This shows more stress value where the specimen was expected to be under 
failure mode. 

 
Fig 5: Von Mises stress plot for load of 5MPa            Fig 6: Von Mises stress plot for load of 10MPa 

 
Fig 7: Von Mises stress plot for load of 15MPa 

B. FE-Analysis for Flexural Loading of CNT Composite 
FE analysis of CNT composite for three point bending load. The meshed model of CNT was reinforced with matrix of epoxy of 
dimensions 120 nm X 60 nm X 20 nm. And the combined model was meshed with element size of 1.5nm which gives fair meshed 
model of CNT composite In the FE analysis of CNT composite for three point bending case (flexural load) the meshed model was 
applied with boundary conditions in which the nodes from left extreme down and right extreme down are fixed and load was applied 
on top mid nodes. 
1) Deflection Plots for Three Point Bending Load of CNT Composite: Figures 8, 9 and 10 show the deflection of CNT composite 

for load starting from 5Mpa, 10Mpa and 15Mpa. The deflection at the center was more because of three point loading and it 
goes on increases with increase in the load. The deflection for 5Mpa was observed 1.254nm, and 2.592nm, 4.279nm  
respectively for other two loading cases. The below figures shows the deflection of CNT composite for various bending loads: 

 
Fig 8: Deflection plot for CNT composite with load 5Mpa  Fig 9: Deflection plot for CNT composite with load 10Mpa 
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Fig 10: Deflection plot for CNT composite with load 15Mpa 

 
2) Stress Contours for Flexural Load of CNT:  Figures 11, 12 and 13 shows the stress contours for all the load cases starting from 

5Mpa to 15pa in the step size of 5Mpa. Initially the stress induced in the specimen was very less in magnitude i.e. about 
0.031Mpa minimum and 147Mpa maximum for first load case. And stress was maximum at the point of application where it 
shows maximum deflection. And the stress shows almost constant over the geometry. As the load was increased the stress value 
reaches to 316mpa and 652Mpa for load 10Mpa and 15Mpa respectively.  

 
    Fig 11: Von Mises stress plot for load of 5MPa    Fig 12: Von Mises stress plot for load of 10MPa  

 
Fig 13: Von Mises stress plot for load of 15MPa 

 
C. Flexural load of CNT composite analytical Validation with FE 
Three point bending load of CNT and CNT composite was carried with FE simulations using Ansys FE software and the result 
obtained from the FE model was compared with Analytical approach which deviate more with  macro mechanics of material. Here 
attempt was made to validate results using solid mechanics even though Nano material mechanics was bit varies with solid 
mechanics.  
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The below calculation shows deflection for the flexural load of CNT 

ߜ =
ܮܲ

ܫܧ48

ଷ

 

ߜ = ଶ଴଴଴௑ଵ଴షభమ௑ଵଶ଴య௑ଵଶ
ସ଼௑ଵଷ௑ଵ଴షవ௑ଵ଺଴଴଴଴

=0.0155nm 

The below calculation shows deflection for the flexural load of CNT composite 

ߜ =
ܮܲ

ܫܧ48

ଷ

 

ߜ = ଺଴଴଴௑ଵ଴షభమ௑ଵଶ଴య௑ଵଶ
ସ଼௑ଵଷ௑ଵ଴షవ௑ସଷଶ଴଴଴଴

=0.0461nm 

Table 1: Shows Flexural load properties of CNT and CNT composite 

 
Table 2: Shows Analytical solution of CNT and CNT composite 
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Graph 1 Load Vs deformation plot for CNT and CNT composite with FE analysis for flexural load. 

FE analysis and analytical solution for the CNT and CNT composite was carried out with three point loading. From the table and 
analytical calculations it was observed that the deflection comparison between FE analysis and analytical solution was giving more 
difference of about 60% on an average. 

IV. CONCLUSION 
FE modeling of CNT and CNT composite was done and was observed that, The nature of the curve of analytical for both CNT and 
CNT composite was almost linear with negligible deviations, it was also observed that the deflection in case of finite element 
analysis and analytical solution was showing more difference of about 60% on an average which does not holds good using the solid 
mechanics formulae. The values of CNT obtained from ansys were closely related with analytical values and it was observed that 
the curve obtained was almost linear with negligible deviation. But CNT composite values obtained from ansys varies widely with 
analytical values of deflection.  
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