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 To demonstrate t e Finite Element
Method (FEM) in COMSOL Multiphysics to
perform linear thermo-elastic stress analysis
of functionally graded materials.
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FGMs differ from traditi er matrix composites in
that their material properties vary continuously, whereas in
the composite the properties change at each laminate
interface.

FGMs accomplish this by gradually changing the volume
fraction of the materials which make up the FGM.

FGMs can be readily produced through 3D Printing



balance e
calculated tem alues into the
constitutive linear elastic model and finally

compute the displacement, strain and stress

fields.



The Mori-Tanaka
used to estimate the
properties of the FGM (density
p, bulk modulus K and shear
modulus u ) at any point in the
plate as functions of the
volume fractions and material
properties of the constituent
NEIEELS

A=K —(2/3) u

v =[2(1 + p/N]?
E=3(1-2V)K






Property

p (kg/m?3)

E (Pa)

a (1/K) 13.4e-6 10.3e-6







Surface: Temperature (K)
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‘olume: Displacement field, 2 component (m)
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Surface: Stress tensor, ®x component {N/m?)
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Surface: Stress tensor, ¥ component (N/m?)
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Surface: Stress tensor, x component (N/m?)
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Line Graph: Temperature (K}

Temperature (K}

0012 -0.01 -0.008 -0.006 -0.004 -0.002 4] 0.002 0.004 0.008 0.008 0.01
z-coordinate (m)




LE

A 2.3625%107*

¥ -1.1896%107°
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perfo

Linear t ly graded
plates is a tiphysics
when the Mo ute the

material properti

Computed results seem to vary smoothly and continuously
with changes in the parameter p controlling the volume
fraction of ceramic through the thickness of the plate
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