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ABSTRACT

In this study, a significant limitation of the conventional domain-decomposition-based nondimensional
dynamic influence function (NDIF) method is addressed. The final system matrix is formulated to be
constructed systematically, eliminating the inefficient requirement of re-deriving the entire matrix
whenever the number of subdomains changes. This improved formulation is applied to a membrane
with an internal hole to investigate whether the lower-order eigenvalue loss problem, which typically
occurs as the number of boundary nodes increases, persists in such a configuration. A numerical
example is considered to verify the effectiveness, stability, and accuracy of the proposed method.
The numerical results demonstrate that the lower-order eigenvalue loss problem indeed occurs in
membranes with an internal hole when using the conventional method. However, the improved NDIF
method successfully resolves this problem, providing stable and accurate eigenvalue extraction over
the entire frequency range regardless of the number of boundary nodes.
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Fig. 1 Perforated membrane divided into S subdomains
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(a) 64

(b) 84 nodes

Fig. 2 Perforated membranes divided into four domains
and discretized with 64 and 84 nodes, respectively
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Fig. 3 Determinant curves of the perforated membrane
for 64 and 84 nodes plotted by the conven-
tional NDIF method (Eq. (16))

Table 1 Eigenvalues of the perforated membrane
obtained by the conventional NDIF method
using Eq.(16), FEM (ANSYS) and the pro-
posed method using Eq. (17)

Conventional NDIF method FEM Proposed
P
64 nodes 84 nodes (84 nodes)
N 3.70 N/P 3.67 3.60
Ny 4.00 N/P 3.99 3.99
Nq 4.51 N/P 4.53 4.50
Ny 5.22 N/P 5.19 5.19
Ng 5.87 5.87 5.89 5.86
Ng 6.45 6.44 6.51 6.43
Nq 7.03 7.03 7.07 7.03
Ng 7.12 7.12 7.24 7.11
Ny 7.24 7.24 7.39 7.25
A1 7.73 7.73 7.73 7.73
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Fig.4 Rank function of GM for the perforated membrane
discretized with 84 nodes
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Fig. 5 Determinant curve with discontinuities for the

84-node perforated membrane plotted by the
proposed method (Eq. (17))
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Fig. 6 Discontinuity-free Determinant curve for the
84-node perforated membrane plotted by the
proposed method (Eq. (17))
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