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Abstract: Automobile Industries across the world are 

in search of new designs and new materials that can 

sustain the maximum load to improve the vehicle 

efficiency by considering different parameters. Now-a-

days, lot of research is being carried out over wheel rim 

as it bears the entire load of the vehicle. In this paper, 

constant load is applied on R16” rim with and without 

application of nano coating. Graphene material is used 

for coating as it is having high strength and thermal 

properties. Comparison over the deformation and stress 

distribution on the rim is observed and evaluated using 

ANSYS Software and appropriate material has been 

suggested. 

 

Keywords: Conventional Rim, Alloy Rim, Graphene, 

Deformation, Stress, Frequency.  

1. Introduction 

Earlier, man innovated the wheel and modern man 

updated the efficiency of the wheel by modifying the 

design with Rim, Hub, Spoke. Progressing through 

time, development of the automobile wheel rims is 

swiftly rotating from the past two decades. Research is 

being carried for improving the strength to weight ratio 

of the rim so that the unsprung mass reduces the fuel 

efficiency and performance of the vehicle is increased. 

Various experimental procedures are being carried on 

for this improvement.  

From the past centuries, utilization of the material has 

been changing from steel alloys to aluminum alloys, 

magnesium alloys because of their high strength to 

weight ratio and better fuel consumption with optimum 

stress resistance, design configuration, strength 

[1].Inflation Pressure and the radial load also effect the 

rim on displacement distribution and stress [2]. 

Material mass for the component is reduced as the 

stiffness and strength of a material improved [3]. 

In some instances, materials are selected based on the 

need. Towards the progression in material sciences, 

nano materials, polymers and composites are also being 

used for rim materials due to improved stiffness and 

strength compared to conventional materials [4]. For 

enhancing properties, Rim can be incorporated with 

nano materials such as Graphene, Carbon Nano Tubes 

in different forms such as metallic oxides. 

      Basically Graphene is a 2 Dimensional Structure, 

an allotrope of graphite in mono layer or multi layers 

with sp
2
 carbon atoms densely packed in honey comb 

crystal lattice Many Researchers are now attracted to 

Graphene because of its excellent mechanical 

properties that it can be elastically stretched upto 20% 

[5] and Young’s modulus 1.02 TPa, breaking strength 

of 40 N/m. thermal properties 5 times greater than 

diamond, Thermal Conductivity ~5000 W/mK[6] and 

Electrical Conductivity 10 x 107 Siemens/m. 

Applications of graphene is being widespread in 

various fields of science such as automobile industries, 

printed electronics super capacitors in electronics [7], 

for preparing semiconductors, transistors[8], in medical 

for cancer detecting bio sensors [9], bio medical 

applications [10] such as gene delivery, bio sensing 

[11], drug delivery [12], bio imaging , In aero 

engineering for lightning strike protection and 

corrosion resistance, MEMS and NEMS for sensors 

because of their light weight and stiffness [13]. 

     Graphene as a filling agent in composites enhanced 

the applications. Because of the physiochemical 

properties of graphene, it aids in strengthening of the 

material. Rate of publications being made on graphene 

in various disciplines is increased year by year since its 

invention. Various reports have stated about increasing 

the high levels of strength, stiffness and other 

mechanical properties by lowering loads of graphene 

[14]. 

       Several experiments have been carried out to 

calculate the young’s modulus and Poisson’s ratio of 

graphene through theoretical and numerical simulations 

such as Molecular dynamics[15], Molecular Mechanics 

[16], Density Functional Theory [17] and the results are 

varied slightly and reason for this variation is still not 

clear.Graphene with epoxy as matrix enhances its 

mechanical properties, flexibility of processing and 

cost. Fracture Toughness is improved when graphene is 

dispersed uniformly. 
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2. Literature Review 

 

Lot of research and analysis has been carried on rim 

with different materials [18] and it is not necessarily 

the adder will improve the properties of the material, i

may also deteriorate or invariable in effecting the 

properties which is based on the properties such as 

morphology, surface properties. 

      Changgu Lee [19] et.al conducted experiments on 

monolayer graphene and measured the intrinsic 

breaking strength and elastic properties using nano 

indentation. Researchers performed a series of 

simulations to determine the relationship between 

elastic constant and indentation breaking force. The 

obtained results were compared with measured values 

from other experiments. They concluded that graphene 

as the strongest material ever measured and 

deformations of atomic nano materials may be beyond 

linear regime. 

        Guoxin Cao [20] reviewed on the mechanical 

behavior of Graphene at atomic level under free 

standing indentation and in-plane tension due to its 2D 

geometric properties. He focused mainly on the linear 

elastic properties and nonlinear elastic properties while 

the former properties are studied under small 

deformation and later under large deformation and 

concluded that graphene because of its atomic features 

and stated that atomistic simulation have significant 

influence in the advancement of technology.

Xin Wang et.al [21] studied about the mechanical 

properties of graphene in flame retarded epoxy resin 

and stated that the mechanical properties had decreased 

due to inclusion of flammable retardants and due to less 

interfacial interactions of additive. 

        Sung-Chiun Shiu et.al [22]studied mechanical and 

thermal properties of graphene in different formats an

concluded graphene nano composites have higher 

elastic modulus and low thermal expansion coefficient 

and high glass transition temperature. In intercalated 

graphene, thermal and mechanical properties are 

improved due to greater amount of high density 

polymers in graphene nano composite. Oxidation on 

the surface of graphene proved relatively high 

reinforcing efficiency due to improved interaction 

energy. 

       Rasheed Atif [23] studied about epoxy based 

graphene nano composites for different weight % 

reinforcements for improvement in thermal 

conductivity, electrical conductivity and fracture 

toughness values for various dispersion techniques and 
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graphene nano composites for different weight % 

forcements for improvement in thermal 

conductivity, electrical conductivity and fracture 

toughness values for various dispersion techniques and 

level of uniformity in dispersion. They stated that 

influence of graphene on mechanical properties is 

depended on the weight fraction, topological features, 

surface modifications, morphology.

        S Chaitanya [24] et.al studied about reducing the 

rim weight and stated that fuel economy and 

performance will be improved as the overall wright and 

inertial loads are reduced by minimizing the unsprung 

mass. The analysis showed that stresses developed are 

below yield stress after optimization.

       M.Rezal [25] et.al studied about the deformation in 

car wheel rim and conducted an analysis at different 

loadings. Researchers suggested that Alloy Wheel Rim 

is safer, reliable and can withstand higher loads than 

Steel Wheel Rim as the later had developed high 

amount of stresses above the yield point, also higher 

displacement and deformed twice than the former. The 

Maximum stress of alloy rim is about 80% less than the 

maximum stress developed in Steel Wheel Rim.

 

3.    Experimental Investigation

For the present study, A Conventional Rim and an 

Alloy Rim for Toyota Etios Car of 16

SolidWorks and analyzed in Ansys Workbench. With 

the rim outer surface is subjected to a pressure of 35 

psi, hub part is fixed and applied to a force of 3000 N. 

The rim is analyzed in ideal conditions.

Two Different Rims considered and the

are shown below. 
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      Figure 2. Conventional Rim 

  

Dip Coating Technique is used for coating purpose 

where the component is heated above 

recrystallization temperature, i.e. 750° C for 30 

min and is immersed in 5% Graphene in 500 ml 

epoxy and is allowed to dry and tested. The 

measured results are  

 

Table 1. Properties of Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.    Results and Comparison 

Analysis has been performed on the rims with 

material considerations and the comparison has 

been shown in the table 2. 

 

 

 

 

Table 2. Comparison of the results for different rims and materials 

 

 

Analysis Type 

Conventional 

Mild steel 

(CMS) 

Conventional 

Graphene Coated 

Mild Steel 

(CGMS) 

Alloy 

Mild Steel 

(AMS) 

Alloy 

Graphene 

Coated Mild 

Steel  

(AGMS) 

Total Deformation (Static) 
2.44E-11m 2.40E-11m 5.83E-12m 5.71E-12m 

Vonmises Stress (Static) 
22.557 Pa 22.251 Pa 5.9193 Pa 5.7649 Pa 

Total Deformation (Harmonic) 
7.24E-11 m 6.29E-11 m 2.47E-11m 2.19E-11 m 

Type of 

Material 

Young’s 

modulus 

Poisson’s 

Ratio 

Ultimate 

Tensile 

Load 

Mild Steel 171.329 

GPa 

0.3 82700 N 

Graphene 

Coated 

Mild Steel 

174.426 

GPa 

0.33 87000 N 
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Vonmises Stress (Harmonic) 
109.15 Pa 120.05 Pa 22.633 Pa 23.884 Pa 

Frequency Response 

Deformation 2.57E-12 m 2.40E-12 m 3.43E-13m 7.49E-14 m 

Frequency Response Stress 
338.38 Pa 253.94 Pa 35.674 Pa 47.036 Pa 

 

 

 
Figure 3. Total Deformation observed in various 

rims under static conditions 

 

Above graph shows the total deformation of rims 

on performing Structural Analysis. It can be 

observed that deformation is more in Conventional 

Rim than Alloy Rim. Deformation in rim with 

Graphene coated Mild Steel as material is slightly 

less when compared to Mild Steel as material. 

 

 
Figure 4. Vonmises Stress developed in various 

rims under static conditions 

It is evident that greater the value of Stresses 

developed, greater the chances of failing of the 

component. More deformation can be seen due to 

high stresses developed. High stresses are 

developed in conventional rims compared to alloy 

rims. It can be observed that stresses developed in 

graphene coated rims are slightly less than mild 

steel rims. 

 

 
Figure 5. Total Deformation developed in rims 

under harmonic analysis 

Deformation for both type of rims has been 

reduced on coating with graphene at a frequency 

of 5000Hz by 13.1% in conventional rims and 

11.2% in alloy rims. 

 
Figure 6. Vonmises Stress developed in rims 

under harmonic analysis 

Vonmises stress has been increased on coating 

with graphene at frequency 5000 Hz by 9.98% in 

conventional rim and by 5.52% in alloy rim. 
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Figure 7. Frequency Response Deformation 

observedin rims 

Higher the Stresses developed in the rim, higher 

the deformation. Distortion is more in 

Conventional rims than Alloy rims. Of all, 

deformation is least in 16” Alloy Rim with 

Graphene coated Mild Steel. 

 

Figure 8. Frequency Response Stress developed in 

rim 

From the graphs, it is observed that stresses 

developed in Conventional Rim are more than 

Alloy rims & stresses developed in rims with 

Graphene coated Mild Steel are less compared to 

Mild Steel Rim and it can be noticed that 28% 

stresses are reduced in Conventional Rims on 

coated with Graphene and the maximum stresses 

are developed at frequency of 4000 Hz in 

Conventional Rim and Alloy Rim. 

On performing Brinell’s Hardness Test, Brinell’s 

hardness Number with and without the application 

of graphene is found to be 177.2 and 214.32. 

5. Conclusion 

 
From the analysis after application of nano 

coating, Brinell’s Hardness Number is reduced to 

21.59% and also deformation of the material is 

reduced. Hence the elastic nature of the material 

(rim) has been increased. 
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