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Abstract--In this paper, a general analysis of thermal stresses and strain in a thin rotating circular disk made of functionally graded material is
developed. The temperature distribution is assumed to be a function of radius, inner surface of the disk is assumed to be fixed to a shaft so that
isothermal conditions prevail on it and outer surface of the disk is free from any mechanical load and maintained at uniform temperature
gradient. The material properties, except Poisson’s ratio, are assumed to depend on variable the r and they are expressed as power functions of r.
The direct method is used to solve the heat conduction and Navier equations.
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1. INTRODUCTION
The FGMs are microscopically non homogeneous materials
where the composition of the constituents of materials is
changed continuously. The mechanical benefits obtained by
a material gradient may be significant, as can be seen by the
excellent structure performance of some of these materials.
Functionally Graded Material has been recently
developed as the ideal heat resistant
material and
has numerous potential applications in medium undergoing
high temperature rise (such as heat shields for space
vehicle). [1] Studied the case of a graded sphere under nonuniform temperature variations by using a numerical
integration procedure. Obata and Noda [2] used a
perturbation approach to study the thermal stresses in
functionally graded hollow sphere that was uniformly
heated. Lutz and Zimmerman [3] solved the problem of
uniform heating of spherical body whose elastic modulus
and thermal expansion coefficients each vary linearly with
radial position. Eslami et al. [4] analytically solved the
governing equation of a functionally graded spherical vessel
and investigated the temperature, displacement and relevant
thermal stresses due to the thermal and mechanical loads.
A work was also published by Horgan and Chan [5]
where it was noted that increasing the positive exponent of
the radial coordinate provided a stress shielding effect,
whereas decreasing it created stress amplification. Nayebi
and Abdi [6] developed a numerical program to investigate
the steady-state behavior of thick-walled spherical and
cylindrical pressure vessels subjected to cyclic pressure
and/or

stress and temperature distribution are investigated by
means of Integral transform technique.
In the present paper an attempt is made to determine
the stress functions of a thin rotating circular disk made of
functionally graded material. The direct method is used to
solve the heat conduction and Navier equations. The
temperature distribution is assumed to be a function of
radius, inner surface of the disk is assumed to be fixed to a
shaft so that isothermal conditions prevail on it and outer
surface of the disk is free from any mechanical load and
maintained at uniform temperature gradient. The material
properties, except Poisson’s ratio, are assumed to depend on
variable the r and they are expressed as power functions of r.
2. DERIVATIONS
For a plane strain problems, Two Dimensional Equation of
equilibrium in polar co-ordinate for a rotating disc are given
by

(2)
Where

denotes inertia force due to rotation of the

disc.
Because of symmetry the value of shear stress

is equal

to zero for a rotating disc, stress components are
independent of

, thus equilibrium (1) and (2) is reduced to
(3)

Where
temperature using linear kinematic hardening in the plastic
condition and a Norton power law in the creep condition.
Geometric non-linearity and effect of
Coupling item for different thermal loading conditions were
considered in the works of Reddy et al. [7–12]. They carried
out theoretical as well as finite element analyses of the
thermo-mechanical behavior of FGM cylinders, plates, and
shells. Navneet Lamba [13] studied a boundary value
problem for thick annular disc subjected to thermal load
with radiation type boundary condition. Some features of the

(1)

is the density of the material and it is assumed

to vary exponentially as

is the angular frequency the

component of total strain are given by
,
Where

(4)
denote thermal Eigen strain at a

point which remains same in all direction and

is the

change in temperature at any distance.
72

IJRITCC | February 2015, Available @ http://www.ijritcc.org

_______________________________________________________________________________________

International Journal on Recent and Innovation Trends in Computing and Communication
Volume: 3 Issue: 2

ISSN: 2321-8169
072– 074

_______________________________________________________________________________________________
radial component of the total strain

the steady state condition

circumferential component of total strain

reduces to the form

so the equation (13)

= radial component of the Elastic strain

(14)

= circumferential component of Elastic strain
Due to symmetry consideration, the shear strains do not play
any role the Hooke’s law provides us

Subjected to the condition

(5)
(6)
where

and

the

Young’s

modulus,

is the coefficient of thermal expansion,
where

and

;

(16)

,

(17)

is the passion ratio of the
is

material,

(15)

On solving (14) with the help of thermal condition (15) and
(16) ,we obtain

are the radial and circumferential stress

components respectively

;

4. SOLUTION OF THE NAVIER EQUATION
Substituting Eq. (17) into Eq. (12) yields

are material parameters.

The strain compatibility equation is
(7)
The equation equilibrium (3) is satisfied by the stress
function F defined as

(18)
(8)
(9)
=

Then the equation (5) and (6) become
(10)
(19)
(11)
On simplifying
Substituting

and

from (10) and (11) into the

compatibility (7), finally differential equation of the stress
function is found

(20)
Equation (20) is a Cauchy Homogeneous differential
equation.
(12)

Put
. We get

3. HEAT CONDUCTION PROBLEM
The heat conduction equation for a dynamic coupled
thermoelastic solid is given by

(13)
Where k is the thermal conductivity
constant strain

is the specific heat at

(21)
Its Solution is

being uniform reference temperature. For
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(22)
Where

5. CONCLUSIONS
This paper presents an analytical solution for the calculation
of the ax symmetric thermal and mechanical stresses in thin
rotating circular disk made of FGM. The material properties
through the graded direction are assumed to be nonlinear
with a power law distribution. The direct method is used to
solve the heat conduction and Navier equations.
5. REFERENCES
[1]

Substituting Equation (22) into Equations (8) and (9), the
stresses are obtained as

[2]

[3]

(23)

[4]

[5]

(24)

[6]

[7]

Using Equations (23) , (24) and (17) into Equations (5) and
(6), the strains are obtained as
[8]

[9]

[10]
[11]

[12]

(25)
[13]

P. Kwon, Kh. Dharan, M. Ferreri, Macroscopic analysis
of axisymmetric functionally graded materials under
thermal loading, Journal of Energy Resources
Technology 116 (1994) 115-120.
Y. Obata, N. Noda, Steady thermal stresses in hollow
circular cylinder and a hollow sphere of a functionally
graded material, Journal of Thermal Stresses 17 (1994)
471-487.
M.P. Lutz, R.W. Zimmerman, Thermal stresses and
effective thermal expasion coefficient of functionally
graded sphere, Journal of Thermal Stresses 19 (1996) 3954.
M.R. Eslami, M.H. Babaei, R. Poultangari, Thermal and
mechanical stresses in functionally graded thick sphere,
International Journal of Pressure Vessels and Piping 82
(2005) 522-527.
Horgan, C.O., Chan, A.M.: The pressurized hollow
cylinder or disk problem for functionally graded
isotropic linearly elastic materials. J. Elast. 55, 43–59
(1999)
Nayebi, A., El Abdi, R.: Cyclic plastic and creep
behaviour of pressure vessels under aeromechanical
loading. Comput. Mater. Sci. 25, 96–285 (2002)
Praveen, G.N., Reddy, J.N.: Nonlinear transient
thermoelastic analysis of functionally graded ceramic–
metal plates. Int. J. Solids Struct. 35, 76–4457 (1998)
Reddy, J.N., Chin, C.D.: Thermo mechanical analysis of
functionally graded cylinders and plates. Int. J. Solids
Struct. 21, 593–626 (1998)
Praveen, G.N., Chin, C.D., Reddy, J.N.: Thermoelastic
analysis of a functionally graded ceramic–metal cylinder.
ASCE J. Eng. Mech. 125, 67–1259 (1999)
Reddy, J.N.: Analysis of functionally graded plates. Int.
J. Numer. Meth. Eng. 47, 84–663 (2000)
Reddy, J.N., Cheng, Z.Q.: Three-dimensional thermo
mechanical deformations of functionally graded
rectangular plates. Eur. J. Mech. A Solid 20, 60–841
(2001)
Reddy, J.N., Cheng, Z .Q.: Frequency of functionally
graded plates with three-dimensional asymptotic
approach. J. Eng. Mech. 129, 896–900 (2003)
Navneet Kumar Lamba.: Analysis of Thermal Stresses
and Displacement in a Thick Annular Disc, Int. J Latest
Trend Math, Vol-1 No. 2 December 2011

(26)

74
IJRITCC | February 2015, Available @ http://www.ijritcc.org

_______________________________________________________________________________________

