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Abstract: Main objective of project is to analyze Functionally Graded plate for static and modal analysis. The various material are
used in plate. The plate is analyzed for various boundary and loading condition. The ANSYS is advanced technique of FEA. In modal
analysis plate is made up of five different materials. Thickness of plate is same while doing static and modal analysis. Only the material
properties are changed along thickness. In static analysis uniformly distributed load is applied to the plate, maximum deflection,
maximum shear stress equivalent stiffness are calculated for different boundary condition.
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1. Introduction Five modes are taken for modal analysis. From table no.l
frequency are remain same while doing material arrangement

Functionally graded material defines that material properties in increasing and decreasing order of Young’s modulus for
are continuous varies from one material to the another — Modal analysis of plate.

material with 100% smooth transitions. It having ability to

sustain extreme temperature condition. It can avoids Mode 1 Mode 2
delamination, matrix cracking because they avoid stress
concentration. FG plate are made up of two or more material
which changes the material properties along thickness by
functionally.

2. Frequency, Mode shapes of five material FG L Q o
plate for different boundary conditions. Figure 1: Modes shapes of Material having Increasing order
of Young’s modulus.
In this title plate is made up of five material such as
aluminum, steel, ceramic, zircon, alumina. Thickness of plate Mode 1 Mode 2
is 0.05m. size of plate is Imx 1m . for finer accuracy 20x20 >

element division are created for mesh. The plate is analyzed -
for modal frequency for different boundary condition. The 5

plate is analyzed in the form of increasing and decreasing
order of Young’s modulus material in the following way.
a)The material is taken increasing order of Young’s
modulus. ! R —
b) The material taken decreasing order of Young’s modulus. Figure 2: Modes shapes of Material having Decreasing order
of Young’s modulus.

Purpose of this arrangement of material for FG plate is to
check mode shapes and frequency for different boundary 2.2 For All fixed edges (CCCC) condition
conditions.

Table 2: For (CCCC) Condition

2.1 For Simply Supported (SSSS) condition Mode Material having Increasing| Material having Decreasing
no. |order of young’s modulus.| order of young’s modulus
Table 1: Frequency for (SSSS) condition (@) (b)
Mode | Material having Increasing |Material having Decreasing 1 398.13 398.13
no. |order of Young’s modulus. | order of Young’s modulus 2 811.11 81111
@) () 3 811.11 811.11
1 219.90 219.90 4 1183.5 1183.5
2 549.97 549.97 5 1457.7 1457.7
3 549.97 549.97
4 874.52 874.52
5 1104.0 1104.0
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Figure 3: Modes shapes of Material having Increasing order

Figure 4: Modes shapes of Material having Decreasing order

2.3 For Two edges simply supported and two edges is free

Mode 1

Mode 2

of Young’s modulus.

of Young’s modulus.

(SSFF) condition.

Table 3: For (SSFF) Condition

=

Figure 5: Modes shapes of Material having Increasing order
of Young’s modulus

Figure 6: Modes shapes of Materlal having Decreasing order

Mode | Material having Increasing| Material having Decreasing
no. | order of young’s modulus.| order of young’s modulus
(a) (b)
1 107.76 107.76
2 179.89 179.89
3 407.08 407.08
4 436.51 436.51
5 521.43 521.43
Mode 1 Mode 2

of Young’s modulus.
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2.4 For Two edges clamped and two edges is free (CCFF)

condition.
Table 4: For (CCFF) Condition
Mode| Material having Increasing | Material having Decreasing|
no. | order of young’s modulus. | order of young’s modulus
(a) (b)
1 247.01 247.01
2 292.82 292.82
3 480.02 480.02
4 682.25 682.25
5 745.37 745.37
Mode 1 Mode 2

NN

Figure 7: Modes shapes of Material having Increasing order
of Young’s modulus.

Mode 1

N~

Mode 2

Figure 8: Modes shapes of Material having Decreasing order
of Young’s modulus.

3. Effect of B/D ratio on

Isotropic and

Functionally Graded Plate

To check the frequency and maximum deflection we have
taken B/D ratio as 1, 1.5, 2, and 2.5,3. In this point we have
noted that while length of the plate increasing that time
frequency of plate goes on decreasing at that boundary

condition.

3.1 For simply supported edges(SSSS)

Table 5: For (SSSS) Condition
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B/D | Steel |Two material Two Five Five
Ratio| (2) |high(E)and | material material material
1) low (E) low (E) | increasing | decreasing
3) and high |order of (E) | order of (E)
(B)4) (5) (6)
1 |169.06 526.53 526.53 219.9 219.9
1.5 [222.17 350.87 350.87 276.98 276.98
2 [152.20 247.94 247.94 237.4 237.4
2.5 1108.88 179.43 179.43 170.93 170.93
3 180.642 133.23 133.23 122.41 122.41
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Figure 9: graph for (SSSS) Condition

3.2 For (CCCC) condition

Table 6: For (CCCC) Condition

Figure 11: graph for (SSFF) Condition
3.4 For (CCFF) Condition

Table 8: For (CCFF) Condition

D/D RATIZ

B/D | Steel Two  [Two material Five Five
Ratio material | low (E) and | material material
() 2 high (E) high (E) | increasing | decreasing
and low (E) (4) order of (E)| order of (E)
(©)) ®) (6)
1 |303.3| 1550.5 1550.5 398.13 398.13
1.5 [621.03| 1019.1 1019.1 546.2 546.2
2 |400.22| 648.65 648.65 624.54 624.54
25 |270.72| 43291 432.91 418.22 418.22
3 |192.52| 304.58 304.58 299.05 299.05
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Figure 10: graph for (CCCC) Condition

3.3 For (SSFF) Condition

Table 7: For (SSFF) Condition

B/D | Steel |Two material| Two material|Five material|Five material
Ratio| (2) |high (E) and|low (E) and | increasing | decreasing
1) low (E) (3) | high (E) (4) | order of (E) | order of (E)
(5) (6)

1 182.816] 225.55 225.55 107.76 107.76
1.5 |70.386] 97.109 97.109 38.501 38.501

2 |39.105] 51.418 51.418 56.337 56.337
25 [24.192] 31.115 31.115 34.188 34.188

3 ]16.124) 20.553 20.553 11.809 11.809
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B/D| Steel |Two material Two Five Five material
Ratio] (2) |high (E) and| material | material | decreasing
(1) low (E) low (E) | increasing | order of (E)
3) and high | order of (6)
B @ | BEO
1 |188.88 379.27 379.27 247.01 247.01
1.5]143.32 168.54 168.54 227.89 227.89
2 | 77.79 91.202 91.202 102.25 102.25
2.5|47.684| 55.845 55.845 62.576 62.576
3 |31.742| 37.166 37.166 42.005 42.005
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Figure 12: graph for (CCFF) Condition

4. Failure load for FG (5 material) plate in
increasing order of young’s modulus for
different boundary condition

In this section plate of 1mx 1m. The stress and deflection
analysis is carried out for various boundary conditions. There
plates are analyzed under uniformly distributed load of about
70% of the load failure stress of any material.
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4.1 For all edges Simply Supported (SSSS)

Failure load = 650 KN/m? .For this failure load maximum
Deflection = 0.002329 m, Equivalent Stiffness (K) =
279089.7381 KN/m.

Figure 16: Max. Shear stress for (CCCC) Condition

- - . _ 4.3 For (SSFF) Condition
Figure 13: Max.deflection for (SSSS) Condition Failure load = 231 KN/m? Max.deflection = 0.003019 m

By taking approximately 70% of failure load, we can check Equivalent Stiffness = 76515.40245 KN/m

the deflection.

70% of 650KN/m? = 455 KN/m?
Maximum Deflection = 0.00163 m

Max. Shear stress = 0.725x 10°8 N/m?
Equivalent Stiffness = 279141.1043 KN/m

Figure 17: Max.deflection for (SSFF) Condition
By taking approximately 70% of failure load, we can check
the deflection
70% of 231 KN/m?= 161.7 KN/m®
Maximum Deflection = 0.002113 m

. Max. Shear stress = 0.136 x 10°8 N/m?
4.2 for (CCCC) Condition: . .
or ( ) Condition Equivalent Stiffness = 76526.26597 KN/m

Figure 14: Max. Shear stress for (SSSS) Condition

Failure load = 1350KN/m2, Maximum Deflection =
0.001534 m ,Equivalent Stiffness = 880052.15 KN/m.

Figure 15: Max. deflection for (CCCC) Condition

By taking approximately 70% of failure load, we can check 5. Conclusion
the deflection.

70% of 1350 KN/m? = 945 KN/m? e Advanced software of FEA is ANSYS, is very efficient for
Maximum Deflection = 0.001074 m modal and static analysis.
Max. Shear stress = 0.393x10"8 N/m? e When five material FG plate is analyzed for modal
Equivalent Stiffness = 879888.2682 KN/m. analysis then frequency are same for both increasing and

decreasing order of Young’s modulus for various boundary

condition.
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e Effect of B/D ratio shows only length of plate increases
that time frequency go on decreasing. But for single
material steel plate and five material FG plate certain
length frequency increases and suddenly decreases only for
(SSSS) ,(CCCC) condition.

e In static analysis equivalent stiffness is increases for
(SSSS), (SSFF) condition and decreases for (CCCC)
condition.
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