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Development of an Improved NDIF Method

for Efficiently Extracting Eigenvalues and Eigenmodes
of Arbitrarily Shaped Acoustic Cavities
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ABSTRACT

An improved NDIF method is introduced to efficiently extract eigenvalues and eigenmodes of
two-dimensional, arbitrarily shaped acoustic cavities. The NDIF method, which was developed by the
authors for the eigen-mode analysis of arbitrarily shaped acoustic cavities, membranes, and plates, has
the feature that it yields highly accurate eigenvalues compared with other analytical methods or nu-
merical methods(FEM and BEM). However, the NDIF method has the weak point that the system
matrix of the NDIF method depends on the frequency parameter and, as a result, a final system
equation doesn’t take the form of an algebra eigenvalue problem. The system matrix of the improved
NDIF method developed in the paper is independent of the frequency parameter and eigenvalues and
mode shapes can be efficiently obtained by solving a typical algebraic eigenvalue problem. Finally,
the validity and accuracy of the proposed method is verified in two case studies, which indicate that
eigenvalues and mode shapes obtained by the proposed method are very accurate compared to the
exact method, the NDIF method or FEM(ANSYS).
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Fig.3 5th mode shape of the rectangular cavity
when 16 nodes are used

Table 1 Eigenvalues of the rectangular acoustic cav-
ity(parenthesized values denote errors(%)
with respect to the values by the exact

method)
A me?lfc())g&s;:ij) WD e meEtﬁzfit(zo)
16 nodes
1 2.618 (0.00) 2.618 (0.00) 2.618
2 3.491 (0.00) 3.491 (0.00) 3.491
3 4.362 (0.02) 4.363 (0.00) 4.363
4 5.236 (0.00) 5.236 (0.00) 5.236
5 6.293 (0.00) 6.293 (0.00) 6.293
6 6.983 (0.03) 6.982 (0.01) 6.981
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Fig. 4 Arbitrarily shaped, 2-D acoustic cavity dis-
cretized with 16 nodes
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Fig. 5 5th mode shape of the arbitrarily shaped cav-
ity when 16 nodes are used

Table 2 Eigenvalues of the arbitrarily shaped acous-
tic cavity(parenthesized values denote errors
(%) with respect to the values by NDIF

method)
o | it T 0 T s
16 nodes 441 nodes

1 1.958 (0.00) 1.958 1.968 (0.51)

2 2.026 (0.05) 2.025 2.032 (0.35)

3 3.082 (0.00) 3.082 3.106 (0.78)

4 3.633 (0.00) 3.633 3.670 (1.02)

5 3.996 (0.00) 3.996 4.036 (1.00)

6 4.578 (0.00) 4578 4.657 (1.73)
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