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 To compare the results of the COMSOL FEM
approximation with other methods of
calculation.
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unctionality

t their material
omposite changes at

— FGMs differ
properties vary c
each laminate interface.

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

— FGMis can be readily produced through 3D Printing

e Modal Analysis

— Modal analysis involves imposing an excitation into the structure
and finding the frequencies at which the structure resonates.






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
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Each Case Functionality Materials
— Frequencies (4)
— Mode Shapes (4)

— Plates 1Im x 1m, 0.025m and ——
0.05m thick Alumina

Case A Zirconia

— Compare to theoretical values Aluminum-Zirconta
Case B-D Power Law n=2 steel-Alumina

— Compare to isotropic Aluminum-Zirconia
Select Cases ; ,, Steel-Alumina

— Compare to Efraim formula

Aluminum

Aluminum-Zirconia



e |sotropic results

) Material |
matched with
theory 0 |
e Reasons for D 25 | e

Isotropic case
— Verify FEA model -1, oy

— Check plate thickness
limit

— Have baseline for
comparison to FGM
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* Represents, on avera e
a 50/50 metal-ceramic gy | Y
FG M 1.1 50,67

. Bottorm Wlaterial: Alominum | 2a(1,0) 5029
¢ h — O c O 5 m fre q u e n C | e S Top iaterial: Zirconda

were bounded by their
constituent materials

* Mode shapes 2a and 2b
swapped from where
they were in isotropic
cases




* Represents, on aver
a 67/33 metal-ceramic
FG M Bottom Mlaterial: Aluminum | 2a ..' ..I;:I

Top Material: Zirconda

* Frequencies are
bounded by their
constituent materials

* Mode shapes are
changed by addition of
ceramic
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* Represents, on ave
a 91/9 metal-ceramic FES)
FGM, or a metal plate

Bottorn WMaterial: Alutndmun | 24

Wit h a th i n Ce ra m iC Top Material: Zirconia

coating

* Frequencies were very
close to isotropic metal
frequencies

* Mode shapes 2a and 2b
highly distorted due to
presence of ceramic




Material

Steel

Alumina p

=10

Mode

Frequency ANSYS
Hz

Frequency

COMSOL Hz

Frequency
Efraim ANSYS
Hz

Frequency
Efraim COMSOL
Hz

Error % ANSYS

Error %

comsoL




2670 7.24€9 0.33
5575 1.75e11 0.27




Mod: OMSOL

ode shape
seems to the
The FEA results from good agreement with

those computed by Efraim’s formula and also with results
obtained using a different FEA program.

Ongoing work is exploring the application of the methodology
for the stress analysis of more complex components produced
by 3D printing
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