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ABSTRACT

This study established the theoretical formulation and validation of a two-domain decomposition-based
non-dimensional dynamic influence function (NDIF) method for full-frequency eigenvalue analysis of
concave acoustic cavities. In the previously developed two-domain decomposition-based NDIF method,
the results became unstable or lower-order modes were lost as the number of boundary nodes
increased. Although subsequent approaches enabled full-frequency analysis, they remained confined to
convex geometries. To overcome these issues, this study proposed a method that enables stable
extraction of all eigenvalues, including lower-order eigenvalues, across the full frequency range for
both convex and concave cavities, regardless of node count. The validity of the method was demonstrated
by analyzing a rectangular cavity with exact analytical solutions, confirming its accuracy and robustness.
A series of example studies on various concave acoustic cavities are presented in Part 2 to further

verify the effectiveness of the proposed theory.
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Fig. 2 Rectangular acoustic cavities partitioned into two
subdomains and discretized with 23 nodes and
32 nodes
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Table 1 Eigenvalues of the rectangular cavity obtained by the previous NDIF method using Eq.(9), the exact
solution and FEM (ANSYS). The values in parentheses indicate the errors [%] relative to the exact

solution
Previous NDIF method
Exact solution FEM (2500 nodes)
23 nodes 32 nodes
AW 2.618 (0.00) None 2.618 2.618 (0.00)
29 3.491 (0.00) None 3.491 3.492 (0.03)
20 4363 (0.00) None 4363 4364 (0.02)
@ 5.236 (0.00) 5.236 (0.00) 5.236 5.238 (0.04)
20 6.293 (0.00) 6.293 (0.00) 6.293 6.295 (0.03)
A© 6.978 (-0.04) 6.981 (0.00) 6.981 6.989 (0.11)
AD 7.457 (0.01) 7.456 (0.00) 7.456 7.463 (0.09)
2® 7.860 (0.08) 7.854 (0.00) 7.854 7.862 (0.10)
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