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Abstract

Numerical analysis of elastic thin plate vibration is crucial for aerospace structural design and me-
chanical vibration reduction. The conventional finite element method suffers from insufficient
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accuracy, while the boundary integral equation method is prone to spurious eigenfrequencies in
multiply connected domains. To address these issues, this paper proposes a novel identification
strategy for spurious eigenfrequencies, combined with the Boyd method based on the multi-layer
potential boundary integral equation, to solve the biharmonic wave eigenvalue problem of clamped
boundary multiply connected domains. First, based on the multi-layer potential theory, the second-
kind Fredholm boundary integral equation for multiply connected domains is derived, transform-
ing the eigenvalue problem into a problem of finding zeros of the determinant. Second, the general-
ized Gaussian quadrature is adopted for numerical discretization, and eigenfrequencies are solved
efficiently via the Boyd root-finding method. Furthermore, exploiting the characteristic that spuri-
ous eigenfrequencies are associated with the exterior scattering problem at inner boundaries, a
scheme for identifying spurious frequencies in multiply connected domains is constructed. Finally,
numerical examples verify the accuracy and efficiency of the Boyd method and validate the feasibil-
ity of the proposed identification strategy.
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Figure 1. Multiply connected domain Q with multiple holes and its boundaries Fi(i :1,2,~--,M) where the domain

M
Q=0,\JQ, contains M holes Q,(j=12,--,M)
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Table 1. Real eigenfrequencies k and spurious eigenfrequencies k of the annular domain in the interval [5,14] obtained
by the Boyd root-finding method based on the spurious eigenfrequency identification strategy

F# 1 FIRETERFENFRIRAKKE Boyd KRiIRFFERGHEIF XS ERXIE[5,14] BB STEHESNZE k FEREF

ESA K
BRI I USSR K HE A %

[5,10] 9.447. 9.499. 9.660 5.401. 7.836. 8.517
[10,12] 10.371. 10.941. 11.645 10.093. 11.811
[12,14] 12.463. 13.372 12.020. 12.272

Table 2. Comparison of average relative errors and computational times for solving the first 20 eigenfrequencies via the Boyd
method, SVD-based method, and FEM in the annular domain

2. AMXEA, Boyd /535 ETF SVD 8757455 FEM SREERT 20 MHESHZR A F B3R E KT EAFE T LE

Boyd method SVD-based method FEM
N Error Time (s) Error Time () N Error Time (s)
128 6.456e—09 106 6.594e—04 110 624 9.162e—03 2
160 4.658e—10 136 7.914e—05 124 880 3.275e—03 10

DOI: 10.12677/aam.2026.155233 343 N H it e


https://doi.org/10.12677/aam.2026.155233

B MERE

192 8.354e-11 179 1.553e-06 140 1134 9.945¢-04 69
256 4.224e—-11 201 4.229¢—07 158 2104 1.829¢—04 322
320 5.713e—12 216 8.239e—08 178 3344 8.233e—05 387
360 1.047¢—13 263 1.015e-08 252 4140 3.064e—05 485
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Figure 3. Variation curves of the condition numbers for the discrete matrices of the multi-layer
potential BIEs for the annular domain and the exterior scattering domain with a circular hole versus

the frequency k e [5,14] . The red and green asterisks mark the real and spurious eigenfrequencies
of the annular domain, respectively
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Table 3. Real eigenfrequencies k and spurious eigenfrequencies k® and k') generated by two types of domains in the
interval [6,12] for the circular domain with two holes, obtained by the Boyd root-finding method based on the spurious eigen-
frequency identification strategy
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Figure 4. Variation curves of the condition number for the discretized matrices of the multi-layer
potential BIEs for the circular domain with two holes, the exterior scattering domain to the trefoil
domain, and the exterior scattering domain to the quatrefoil domain within the frequency range

ke [2,12] . The red and black/green asterisks denote the positions of the real and spurious eigen-
frequencies of the circular domain with two holes, respectively
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