%546 45 55 3 o & Vol.46 No.3
2025 4F 9 H CHINESE QUARTERLY OF MECHANICS Sept. 2025

doi: 10.15959/j.cnki.0254-0053.2025.03.013

T B 45 B L SR 0 Y 7 PR T A

(ARSI R ARSI #PE, L9 B 330013)

B A5 RERE BEAR A [ RO 2T A5 B T 2 PR RE B OCH 2E, AR SCHR I —FP Rl SO A ROtk 5
IRBBE R s RO BRI TT . B T — B gy DA B, MR T DhRERE EEM A1 ik sh o B e A FROCEE . 78
R G EE R RIS, Xt A 25 il AR FEA TR BE BT 0, NGRS TR R B B T3, T EL3 v
OINTRERE . AR ST ST ARE BT DTN AL o, AR AS 5 BT UI AR RS, AT RO ER 185U A B
G NP TR RO, B EREIF A DN A BROCIE T REA S B AR BT, 2T REARE S
B BEFR RS A SR AR, IR 3 S SNA AR BE AR 2, FARIA R B Bl (. BUEA HI45 R %
1, LT 0B =W Hermite (A IUBIBIRORE RE iy, JF HLZ5 5 AUBIBIRY 0 A SR 2 25 0/ 1 9 et A7 BT
TEIEL, RIESETE TOLARCR, TR BOR D AR BE AR ST A SR AR L 1 s S TR i R 7 58

KR DIRERREEA DL BROTIE ;s fCBBIRY; BRI IRAR(E

RESES: 0241;0343 XHRFRER: A XEHE: 0254-0053(2025)03-0715-09

Smoothed Finite Element Method for Natural
Frequency Optimization of Functionally Graded Plates

CHEN Shenshen, ZENG Ergui, WEI Xing

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, Jiangxi, China)

Abstract: Optimization of the natural frequencies of exponential functionally graded plates is a critical issue in the engineering field,
playing a vital role in enhancing the dynamic performance of plate structures. In response to this challenge, this paper presents an
innovative optimization approach that synergistically integrates the smoothed finite element method (SFEM) with surrogate models,
aiming to address the problem with both high efficiency and precision. Based on the first order shear deformation theory, a SFEM is
established for free vibration analyses of functionally graded plates. During the computation of the system stiffness matrix, gradient
smoothing operations are applied to bending strains within smoothed domains, effectively improving computational accuracy. To
overcome the shear locking phenomenon, different interpolation forms are adopted to treat bending strains and shear strains separately.
For natural frequency optimization, a series of sample points are selected, and their corresponding natural frequencies are calculated
using the SFEM. Subsequently, a surrogate model is established to map the relationship between the gradient index and the natural
frequencies. The golden section method is employed to determine the optimal gradient index that achieves preset natural frequency
targets. Numerical examples demonstrate that the surrogate model based on piecewise cubic Hermite interpolation exhibits high
computational accuracy. Moreover, the surrogate model-based optimization significantly reduces the number of SFEM frequency
calculations required, substantially enhancing optimization efficiency. This approach provides an efficient and practical method for

optimizing natural frequencies of exponential functionally graded plates.
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Fig.1 Layout of the functionally graded plate structure
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Tab.1 Comparison of computational accuracy for surrogate models in predicting natural frequency of functionally

graded square plate

Interpolation method

Number of sample points

Piecewise cubic spline Lagrange Piecewise cubic Hermite
5 1.216x10° 3.068% 10" 1.116x10°
6 9.097x10" 2.321%10° 5.152%107
7 7.134x10° 6.740x 10" 2.514% 107
8 6.974x10" 3.980 5.020x10°

2 Ui SRR R T AR A fL 4
Tab.2 Optimum results for the simply supported functionally graded square plate

Objective dimensionless frequency @,,

0.180 8 (n=0.5) 0.1633 (n=1) 0.1398 (n=4)
Meshing Algorithm
Number of Number of Number of
Result SFEM Result SFEM Result SFEM
evaluation evaluation evaluation

Direct 0.5102 50 1.016 6 52 4.190 1 50

16 x 16
Surrogate 0.5114 8 1.0255 8 4.194 0 8
Direct 0.507 3 50 1.0118 50 4.1362 50

18 x 18
Surrogate 0.508 5 8 1.020 8 8 41415 8
Direct 0.5052 49 1.008 4 50 4.098 4 50

20 x 20
Surrogate 0.506 5 8 1.017 5 8 4.104 7 8
Direct 0.503 7 48 1.005 9 50 4.070 8 50

22 x22
Surrogate 0.5050 8 1.0150 8 4.077 8 8
Direct 0.502 5 50 1.004 0 50 4.0499 50

24 x 24
Surrogate 0.503 9 8 1.0130 8 4.0575 8
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Tab.3 Optimum results for the clamped functionally graded circular plate

h/R @, Algorithm Result Number of SFEM evaluation
Direct 1.017 4 54
0.01 0.0236 (n=1)
Surrogate 1.027 1 8
Direct 1.022 5 50
0.2 8.6535(n=1)
Surrogate 1.031 4 8
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