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ABSTRACT 

In this thesis, the thermal responses, stresses and 

deformations, frequencies due are investigated 

analytically for functionally graded material plates 

and compared with that of Structural Steel and 

Aluminum. Mathematical correlations are done to 

determine the material properties of functionally 

graded material with metal Steel using Ceramic as 

interface zone for each layer up to 10 layers. FGM’s 

are considered for volume fractions of K=2 and K=4. 

 

Thermal, Static, Modal and Random vibration 

analyses are performed on the plates for Structural 

Steel and Aluminum using Solid Element and for 

FGM material k = 2, and k = 4 using Shell Element. 

Analysis is done in Ansys. 

 

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 

(recently referred to as conventional alloying) that 

gives a property that is different from the parent 

materials. Bronze, alloy of copper and tin, was the first 

alloy that appears in human history .Bronze really 

impacted the world at that time, it was a landmark in 

human achievement and it is tagged the „Bronze Age‟ 

in about 4000 BC [1]. Since then, man has been 

experimenting with one form of alloy or the other with 

the sole reason of improving properties of material. 

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) but are 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. 

 

LITERATURE SURVEY 

The work done by Natarajana [1], In this paper, a cell 

based smoothed finite element method with discrete 

shear gap technique is employed to study the static 

bending, free vibration, mechanical and thermal 

buckling behaviour of functionally graded material 

(FGM) plates. The plate kinematics is based on the 

first order shear deformation theory and the shear 

locking is suppressed by the discrete shear gap method 

In the work done by Swarup Sahoo[2], This analytical 
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work deals with prediction of the stresses developed in 

a Functionally Graded Timoshenko Beam that has 

been reinforced with Carbon Nanotubes (CNTs), 

which is subjected to thermal and mechanical loads. 

High temperatures have been applied to the upper and 

lower surfaces of the beam with a certain temperature 

difference between the two layers for the formation of 

a temperature gradient. 

 

OBJECTIVE OF THE PROJECT 

This paper aims at the evaluation of the thermal 

responses, stresses and deformations, frequencies due 

are investigated analytically for functionally graded 

material plates and compared with that of Structural 

Steel and Aluminum. Mathematical correlations are 

done to determine the material properties of 

functionally graded material with metal Steel using 

Ceramic as interface zone for each layer up to 10 

layers. FGM‟s are considered for volume fractions of 

K=2 and K=4.  Thermal, Static, Modal and Random 

vibration analyses are performed on the plates for 

Structural Steel and Aluminum using Solid Element 

and for FGM material k = 2, and k = 4 using Shell 

Element. Analysis is done in Ansys. 

 

3D MODEL OF PLATE 

 
Fig 1 - Final model 

 
Fig 2 – 2D Drafting of plate 

THEORITICAL CALCULATIONS FOR 

YOUNG’S MODULUS, DENSITY AND 

THERMAL CONDUCTIVITY FOR FGM PLATE 

YOUNGS MODULUS 

1) For k=2;z= 

E(Z)=(Et-Eb)(z/h+1/2)ᴷ+Eb 

 

2)For k=2;z=- 

E(Z)=(Et-Eb)(z/h+1/2)ᴷ+Eb 

 

DENSITIES 

1)For k=2;z=1 

ρ(Z)=(ρt-ρb)(z/h+1/2)ᴷ+ρb 

 

THERMAL CONDUCTIVITY 

K(Z) = (Kt-Kb)(z/h+1/2)
k
+Kb 

 

ANALYSIS OF FUNCTIONALLY GRADED 

MATERIAL PLATE 

BOUNDARY CONDITIONS 

The FGM plate is analyzed for applied pressure is  

25 MPa. The value is taken from the journal paper, 

Thermal-Static Structural Analysis of Isotropic 

Rectangular Plates by Mervin Ealiyas Mathews, 

Shabna M.S,as specified in references [4] 

 

STRUCTURAL ANALYSIS FOR FGM PLATES 

USING SHELL ELEMENT 

K=2 

 
Fig 3 – Thickness values in worksheet 
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Fig 3 – Total Deformation for fgm plate 

 

 
Fig 4 – Equivalent stress for fgm plate 

 

 
Fig 5 – Equivalent strain for fgm plate 

 

MODAL ANALYSIS FOR PLATES 

K=2 

 
Fig 6– Total Deformation at Mode1 for fgm plate 

 

 
Fig 7 – Total Deformation at Mode2 for fgm plate 

 

 
Fig 8 – Total Deformation at Mode3 for fgm plate 

 

RANDOM VIBRATION ALANALYSIS FOR 

PLATE 

K=2 

 
Fig 9 – Directional Deformation for fgm plate 

 

 
Fig 10 – shear stress for fgm plate 
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Fig 11 – shear stress for fgm plate 

 

THERMAL ANALYSIS FOR PLATES 

K=2 

 
Fig 12 – Temperature for fgm plate 

 

 
Fig 12 – Heat flux for fgm plate 

 

RESULT & DISCUSSIONS 

STRUCTURAL ANALYSIS 

 
Table – Static analysis results of plate 

 

 

 
 

MODAL ANALYSIS 

 
Table – modal analysis results of plate 
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RANDOM VIBRATION ALANALYSIS 

 
Table – Random vibration analysis results of plate 
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THERMAL ALANALYSIS 

 
Table – Thermal analysis results of plate 

 

  
 

  
 

CONCLUSION 

By observing the structural analysis results, for 

deformation values, the values are less when FGM is 

used than Steel and Aluminum. The deformation is 

increasing from k=2 to k=4. By observing the result 

and graph for stress values, the values are less when 

FGM is used than Steel and Aluminum. The stress is 

increasing from k=2 to k=4. By observing the modal 

analysis results, for deformation values, the values are 

less when FGM is used. By observing the result and 

graph for frequency values, the values are more when 

FGM is used than Steel and Aluminum. So the 

vibrations will increase when FGM is used for plates. 

It is more for K=4. By observing the result Random 

Vibration analysis, for directional deformation values, 

the values are more when FGM is used than Steel and 

Aluminum. The deformation is increasing from k=2 to 

k=4. By observing the result and graph for shear 

values values, the values are less when FGM is used 

than Steel and Aluminum. The stress is decreasing 

from k=2 to k=4. The negative value for shear stress 

for FGM material specifies that the stress is negative 

since it points in a negative direction on a negative 

plane. By observing the thermal analysis, for heat flux 

values, the values are less when FGM is used than 

Steel and Aluminum. The values displayed for FGM 

are for each layer. 
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