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Abstract 

Functionally graded Materials (or also can say, Functionally Gradient materials) are characterized as an aniso-

tropic material whose physical properties varies continuously as the dimensions varies randomly or strategically, 

to achieve the desired characteristic. The overall properties of the functionally gradient material are different from 

the properties of any of the individual parent materials which form it. They can be applied to metals, ceramics and 

organic composites to generate improved components, they are increasingly being considered in industry for var-

ious applications to maximize strengths and integrities of many engineered structures. The processing’s of FGM 

is costly, but it is expected the researches carrying in this field for fabrication and processing of such materials 

will reduce the cost and makes the materials easily available as well as applicable in wide area of applications.  

With the use of the Lean & Six Sigma methodology, it is inferred from the research data that the objective rate 

has improved. Moreover, it has been determined that the effectiveness of the objective achievements using the 

theory of constraints, lean manufacturing, and six sigma. Lean, Six Sigma, and the Theory of Constraints, the 

second strategy, perform better than the first way. The second integrated strategy improves both employee and 

employer knowledge of the performance metric. The second strategy boosts shareholder and employer confidence 

more effectively. Implementing this strategy thereby boosts the financial gains for the shareholder and the em-

ployee.  
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1. INTRODUCTION 

Pure metals are of little use in engineering applications because of the demand of conflicting property requirement. 

For example, an application may require a material that is hard as well as ductile, there is no such material existing 

in nature. To solve this problem, combination (in molten state) of one metal with other metals or non-metals is 

used. This combination of materials in the molten state is termed alloying that gives a property that is different 
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from the parent materials. Bronze, alloy of copper and tin, was the first alloy that appears in human history. There 

is limit to which a material can be dissolved in a solution of another material because of thermodynamic 

equilibrium limit. When more quantity of the alloying material is desired, then the traditional alloying cannot be 

used. Another limitation of conventional alloying is when alloying two dissimilar materials with wide apart 

melting temperatures; it becomes prohibitive to combine these materials through this process. Powdered 

Metallurgy (PM)is another method of producing part that cannot be produced through the conventional alloying, 

as alloys are produced in powdered form and some of the problems associated with the conventional alloying are 

overcome. Despite the excellent characteristics of powdered metallurgy, there exist some limitations, which 

include intricate shapes and features that cannot be produced using PM; the parts are porous and have poor 

strength. Although these limitations are of advantage to some applications (e.g. filter and non-structural 

applications) butare detrimental to others. Another method of producing materials with combination of properties 

is by combining materials in solid state, which is referred to as composite material. 

Composite material are a class of advanced material, made up of one or more materials combined in solid 

states with distinct physical and chemical properties. Composite material offers an excellent combination of 

properties which are different from the individual parent materials and are also lighter in weight. Wood is a 

composite material from nature which consists of cellulose in a matrix of lignin. Composite materials will fail 

under extreme working conditions through a process called delamination (separation of fibres from the matrix) 

[5]. This can happen for example, in high temperature application where two metals with different coefficient of 

expansion are used. To solve this problem, researchers in Japan in the mid1980s,confronted with this challenge 

in an hypersonic space plane project requiring a thermal barrier (with outside temperature of 2000K and inside 

temperature of 1000Kacross less than 10 mm thickness), came up with a novel material called Functionally 

Graded Material (FGM). 

2. LITERATURE REVIEW 

Dipendra Kumar Roy et. al. [4] have solved large displacement geometric nonlinear problem is obtained 

iteratively with the help of MATLAB computational simulation. It is observed that the free end displacements 

and the shortening of projected beam length are greatly affected by the variation in elasticity modulus value. 

Madhava M C et. al. [10] have analyzed leaf spring in FGM with the help of ANSYS software considering 

combination of materials of grey cast iron and structural steel as of and optimized to get a new leaf spring model 

also obtained the natural frequency of the new model to check the model is safe and will not fail. 

AjitabhPateriya, et. al. [2] studied dynamic characteristics of spring loaded using ANSYS. Fluid-solid 

interaction mesh deformation between the valve disc and surrounding fluid has been used to study the motion of 

the valve disc for different materials. Different materials have been used considering similar boundary condition 

for finding the best suitable material. FEM analysis result shows that La2Zr2O7 is best suitable material. 

Maximum shear stress considered is 0.20395 MPa which is greater for Aluminium alloy. 
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E. Mahdi a, et. al. [7] conducted study on light composite elliptic springs for vehicle suspension. They numerically 

and experimentally studied the impact of ellipticity  ratio on woven roving wrapped composite elliptical spring 

performance. They conducted different experiments by changing the elasticity ratio (a/b) from one to two for   

composite leaf springs.  They  found  that  spring  rate and failure loads get influenced by ellipticity ratio  and  get  

highest  spring  rate  for  ellipticity  ratio (a/b)   2.0.    

Y.  N.  V.  Santhosh Kumar, et. al. [8] studied design and analysis of composite    leaf spring. In addition to 

they talked about the advantages of composite material like higher specific stiffness and strength, higher strength 

to weight proportion. In their study they have used composite  leaf  spring  utilizing  E-Glass/Epoxy  instead  of  

steel  leaf  spring. They targeted their study towards the reducing the weight of it. They used  Pro-E  to  design  

the  spring  and  ANSYS  Metaphysics  to  analyses  it.  They  found  that  composite  leaf  spring  with  epoxy  

weighs  60.48  less  compared  to  conventional  steel  leaf  spring  and  stresses  developed  were  within  limits  

with  factor  of  safety. 

3. OUTCOME OF LITERATURE REVIEW 

Going through the literature it has been observed that numerical analysis has been carried out for large 

deflection of prismatic cantilever beams for various types of material properties with a transverse load at free end. 

In this project work, paper of M.Bayat et al. (2011) titled “Analysis of Functionally Graded Rotating Disks with 

Parabolic Concave Thickness Applying an Exponential Function and the Mori-Tanaka Scheme” is taken as base 

paper and paper of Dipendra Kumar Roy et al. (2012) titled “Nonlinear Analysis of Leaf Springs of Functionally 

Graded Materials” is also taken as base paper. 

4. PROBLEM IDENTIFICATION 

To study the displacement response of leaf springs. Besides the free end displacement, the variation of stress, 

strain of the beam having variable material properties with the beam length will be obtained. The influence of 

material gradation for exponential for three different types of loading concentrated load, UDL (Uniformly distrib-

uted load), combined load (concentrated load + UDL) is considered.  

5. CONCLUSION 

The study is mainly focused on comprehensive overview of the various production techniques for manufacturing 

of functionally graded materials; characterizations, advantages and formulation of FGMs as well as recent devel-

opments in this field are presented. 

Functionally graded shells, in recent years, are widely used in space vehicles, aircrafts, nuclear power plants 

and many other engineering applications. The stresses due to centrifugal load and internal or external pressure 

can have important effects on their strength and safety. Thus, control and optimization of stress and displacement 

fields can help to reduce the overall payload in industries. 
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Material modelling, geometric modelling and finite element modelling is done for the leaf spring using exponen-

tially varying properties and then numerical problem is solved using the finite element software ANSYS 18. 
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