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1. Shell of Translation
2. Shell of Revolution
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. Thin Shell

. Thick Shell

. Homogeneous Shell

. Inhomogeneous Shell
. Isotropic Shell

. Anisotropic Shell

. Small Deflection

. Large Deflection
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1. Elastic Behavior
2. Plastic Behavior
3. Kirchhoff

4. Aron

5. Love

6. Reissner
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1. Axisymmetric Shell of Revolution
2. Flugge

3. Byrne

4. Sanders

5. Novozhilov
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r= 2.1 0.8 0 1.07 1.3
FEM @ 2.74 2.41 ' 2.11 1.86 1.651
Anal | 0.960 1.03 1.095 1.14 1.173
r=1.25 0.1 0 0.45 0 0.08
FEM : 0.961 1.03 1.090 1.14 1.172
Anal i 0.378 0.499 0.638 0.790 0.947
r=15 2.1 1 0 0.75 1.4
FEM : 0.386 0.504 0.638 0.784 0.933
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1000 | value %Diff | value %Diff | value %Diff | value %Diff | value %Diff
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r=1.5 0.52 0 0 0 0
FEM : 0.0190 0.0158 0.0129 0.0102 0.0078
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FEM 50 50 50 50 50
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r 0.6 0.18 0 0 0.06
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r Anal 0 0 0 0 0
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P value  %Diff | value %Diff | value %Diff | value %Diff | value %Diff
Anal -1 -1 -1 -1 -1
r=1 1 1 1 1 1
FEM | -0.99 -0.99 -0.99 -0.99 -0.99
Anal § § § § §
r 0.308 0 0.298 0 0.287 0 0.277 0.36 0.266 0.37
=1.25 FEM - - - - -
0.308 0.298 0.287 0.276 0.265
Anal 0 0 0 0 0
r=1.5
FEM 0 0 0 0 0
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p value  %Diff | value %Diff | value %Diff | value %Diff | value %Diff
Anal  1.112 1.19 1.267 1.35 1.422
r=1 0.17 0 0.23 0.74 0.07
FEM 1.110 1.19 1.270 1.34 1.421
Anal | 0.786 0.782 0.779 0.776 0.772
r=1.25 0 0.12 0 0 0.12
FEM  0.786 0.783 0.779 0.776 0.771
Anal  0.638 0.599 0.559 0.520 0.481
r=15 0.15 0 0.17 0 0
FEM 0.639 0.599 0.560 0.520 0.481
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1000 value  %Diff | value %Diff | value %Diff | value %Diff | value %Diff
Anal Oi%Z 0.0325 0.0329 0.(3133 0.237
= 0.46 0.39 0.34
r=1 FEM 0.02 0.025 0.029 0.033 0 0.037 0
14 4 4 4 4
. Anal Oé(;l 0.%17 0020 0.%22 0.224
:é'z cen | 001 063 ' ho17 96 0001 > o002 % o002 ©
56 9 ’ 3 5
Anal 0.01 0.014 0.015 0.016 0.017
r 28 78 0 ! 0.66 4 0 > 0
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P, = 1000 V P, =750V P; =500V P, =250 V P, =0
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E;, X R;
x 1000 value %Diff | value %Diff | value %Diff | value %Diff @ value %Diff
Anal 50 375 25 12.5 0
r=1 0 0 0 0
FEM 50 375 25 12.5 0
. Anal 16.81 18.84 20.88 0.09 22.9 24.95
~195 0.05 0.21 ' 0 0
o FEM 16.8 18.80 20.9 22.9 24.95
Anal 0 125 25 375 50
r=15 0 0 0 0 0
FEM 0 125 25 375 50
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n=-2 n=-1 n=0 n=1 n=2
ORr
P value  %Diff | value %Diff | value %Diff | value %Diff i value %Diff
Anal -1 -1 -1 -1 -1
r=1 0.12 0.12 0.12 0.12 0.12
FEM : -0.998 -0.998 -0.998 -0.998 -0.998
Anal | -0.227 -0.275 -0.327 -0.383 -0.443
r=1.25 3.02 3.6 3.6 3.4 3
FEM i -0.22 -0.265 -0.315 -0.370 -0.427
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FEM 0 0 0 0
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n=-2 n=-1 n=0 n=1 n=2
u, X
1000 | value %Diff value %Diff | value %Diff | value %Diff value %Diff
Anal @ 1.642 1.437 1.237 1.05 0.877
r=1 1.2 1.9 2.8 3 4
FEM | 1.662 1.465 1.272 1.09 0.92
Anal @ 1.225 1.067 0.917 0.777 0.65
r=1.25 1.06 0.9 0.76 0.64 0.46
FEM @ 1.212 1.057 0.910 0.772 0.647
Anal  0.94 0.83 0.722 0.62 0.527
r=15 2.1 2 2.7 3.2 2.8
FEM @ 0.92 0.81 0.702 0.60 0.512
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n=-2 n=-1 n=0 n=1 n=2
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@; | value %Diff value %Diff | value %Diff | value %Diff value %Diff
Anal 1 1 1 1 1
r=1 0 0 0 0 0
FEM 1 1 1 1 1
Anal 0.6 0.56 0.52 0.48 0.44
r=1.25 0.16 0 0 0 0
FEM  0.599 0.56 0.52 0.48 0.44
Anal 0.2 0.2 0.2 0.2 0.2
r=1.5 0 0 0 0 0
FEM 0.2 0.2 0.2 0.2 0.2
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P %Dif %Dif %D
value f value %Diff value f value iff value %Diff
Anal -1 -1 -1 -1 -1
r=1 0.1 0.1 0.1 0.1 0.1
FEM | -0.999 -0.999 -0.999 -0.999 -0.999
Anal | -0.327 -0.307 -0.287 0.267 .24
r=1.25 3.6 3.2 2 6 1.1 0.248 0.8
FEM @ -0.315 -0.297 -0.281 0.264 0.246
Anal 0 0 0 0 0
r=15
FEM 0 0 0 0 0
u.’i)l):> &)‘&f)l.g Sl LS")S LS‘)-.’ u.cl.x....a u=.>l>44l:>- QL.\.:.A \Y-¥ JS‘A’.'
0; = 125°C 0, = 100°C 0, =75°C 0, =50°C 0, = 25°C
u, X 0, = 25°C 0, =50°C 0, =75°C 0, =100°C 0, =125°C
1000 . ; ; ; .
value %Diff | value %Diff | value %Diff | value %Diff | value %Diff
Anal | 1.237 1.25 1.26 1.265 1.275
r=1 2.8 2.4 2.3 2.5 2.3
FEM 1.272 1.28 1.29 1.297 1.305
Anal | 0.917 0.92 0.925 0.927 0.932
r=1.25 0.7 0.54 0.5 0.2 0.2
FEM o0.910 0.915 0.92 0.925 0.930
Anal | 0.722 0.74 0.76 0.78 0.797
r=1.5 2.7 2.7 3 4 4
FEM o0.702 0.72 0.73 0.742 0.76
Sl IS L o 0,8 Gl ples plae VE Y Jgux
0; = 125°C 0, = 100°C 0, = 75°C 0, =50°C 0, = 25°C
(0]
9. 0, = 25°C 0, =50°C 0, =75°C 0, =100°C 0, =125°C
L
value %Diff | value %Diff | value %Diff | value %Diff | value %Diff
Anal 1 1 1 1 1
r=1 0 0 0 0 0
FEM 1 1 1 1 1
Anal i 0.52 0.7 1 1.6 3.4
r=1.25 0 0 0 0
FEM o052 0.7 1 1.6 34
Anal i 0.2 0.5 1 2 5
r=1.5 0 0 0 0 0
FEM @ 0.2 0.5 1 2 5
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Abstract

In this research, the governing equation of heterogeneous axisymmetric thick-
walled piezoelectric sphere subjected to electrical, thermal and mechanical loading
based on the plane elasticity theory is presented. The material properties are
assumed to vary nonlinearly in the radial direction. The temperature distribution is
assumed to be a function of radius. Using FEM simulations, the analytical findings
for FGPM spheres under the influence of internal pressure, electric gradient and
electro-thermo-mechanical loads were compared to finite element results. It was
observed that the two methods results are in good agreement. It is concluded that
by changing the value of n; the stresses and displacement distribution of FGM

an be so modified that the lowest stress levels are reached.

Key words: Hollow sphere, FGPM, Plane elasticity theory, FEM, Rotational

sphere.
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