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Abstract: A surrogate based technique to addr frequency optimization problems of a power-law f

ally graded plate was proposed. The naturs method was employed to conduct the direct free o5 analyf

sis based on the first order shear deform%‘ ate theory. which is a kind of meshless method ba%‘ e natural
a

neighbor interpolation. Initially, some
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le data were selected to construct the gradient ind -’ ency surrogate

(]
Q problem of the fundamental {requency was formulate and the optimum so-

model. Later, a nonlinear optimi
lution was obtained by using r }
ficiency and feasibility of oposcd method. It is observed that the piecewise \@ ermite interpolating polyno-
mial produces the best surrogate model with few sample data. The surrogé@g method improves the numerical

efficiency by eliminating repeated frequency calculations. \
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Table 1  Errors of surrogate models for natural frequency of Al/Al, O; functionally graded material (FGM) plates based

on different interpolation methods

Interpolation method

Number of sample point - - - — -
Piecewise cubic spline interpolation

Langrange interpolation

Piecewise cubic Hermite interpolation

1.23X10°3
8.99X10°
7.09X10°6
7.10X10°7

L ~N o Wl

2.99X1072 1.11X10°°
1.85X10 2 5.15X10°7
1.19x10°! 2.55X10°7
5. 34 5.12X1078
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Table 2 Optimum results for the simply-supported Al/Al,O; FGM square plate
Objective dimensionless frequency w,,
0.1805(n=0.5) 0.1631(n=1) 0.1397(n=4) 0.1324(n=10)
Node .
distribution Algorithms Number Number Number Number
Result of NEM Result of NEM Result of NEM Result of NEM
evaluation evaluation evaluation evaluation
Direct 0.5332 28 1. 0527 26 4.5070 28 10. 8700 36
15X 15
Surrogate 0. 5326 6 1. 0512 /)@ 4.5204 6 10. 8171 6
Direct 0.5215 28 L0322 (8e)” 4.2930 28 10.5100 36
19X19
Surrogate 0.5206 6 1.0 Og 4. 2340 5 10. 4517 6
Direct 0.5156 28 N % 26 4. 1900 28 10. 3300 36
23X23
Surrogate 0.5146 6 '~ 46 6 4.1320 5 10. 1649 6
v Direct 0.5117 28 @‘R 0166 26 4. 1320 28 10.2300 36
Surrogate 0.5112 6 QN 1. 0140 6 4. 0969 5 10. 1649 6
st Direct 0.5098 S 1.0127 26 1. 0960 28 10.1700 36
Surrogate 0. EQQ;,\ 1.0104 6 4. 0658 5 10. 1074 6
Note: n—Gradient index. {\})}&) @
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Fig. 3 Discrete point of the\Al/Al,O; FGM disk

% 3 T ORI UG (E T BRI e A TR
B A A9 45 58 LA K AR BT HE RO R &
KU, VAR PSS RT3 A 2 AR
U, e B R ARUCE RN S T A AR BT

@ (1) 73 52k RS 99 H AR L 0 B = ke 4%

ﬂcho

WM | AME: 0K Hermive W35 3 Fh R0 i fi
ﬁ%m%w%ﬁﬁmﬁ@ﬁﬂ,f@§§&ﬁ%ﬁ
SR T B0 % B B O T R, =
K Hermite i {658 T 53 4hW HI7 .

R LR T ()
L T R

NS
2 S5 7
i & (§$

& ST AR Y ) A R T B .
do SR A B AT A AR PR AT AR BT A R

LR U miAECEAE L O AL Q?ﬁ%fn%ﬂ@%ﬁ%ﬁ%é@ 1/6~1/4, AR08 T LA [

%3 mmmva@%@m Th e i B BRI B 2
Table 3 Optimum results of Al/Al,O; FGM disk with different initial guesses

wpr = 0. 08679 (n=1)

. Direct Surrogate model
Initial value ng
n Number of NEM evaluations n Number of NEM evaluations

0.1 1. 0069 34 1. 0044 6
1.5 1. 0066 24 1. 0044 6
3 1. 0066 30 1. 0044 6
4.5 1. 0063 32 1. 0044 6
6 1. 0066 34 1. 0044 6
7.5 1. 0063 34 1. 0044 6
10 1. 0069 34 1. 0044 6

Note: NEW-—Natural element method.
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