’i) Check for updates

Trans. Korean Soc. Noise Vib. Eng., 33(1) : 44~50, 2023
https://doi.org/10.5050/KSNVE.2023.33.1.044

tEa2tE3eE =2y 333 M 135, pp.44~50, 2023
ISSN 1598-2785(Print), ISSN 2287-5476(Online)

A9 WA e 3B A TS O 1A $2S A8
/N NDIFY 7d: A7 e1& )
Development of Modified NDIF Method for Extracting Eigenvalues
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ABSTRACT

A modified NDIF method for highly accurate eigenvalue analysis of arbitrarily shaped two-dimen-
sional acoustic cavities is proposed in the paper. The original NDIF method has the weak point of

not extracting lower-order eigenvalues when the number of nodes increases to obtain more accurate

eigenvalues. It turns out in the study that this weak point is because the system matrix of the

acoustic cavity of interest becomes ill-conditioned and doesn’t have full rank. The paper proposes a

practical way to extract eigenvalues and mode shapes of acoustic cavities in the entire frequency

range by means of calculating accurately the determinant of the system matrix ill-conditioned in the

low frequency range. It is confirmed through the example study for the circular acoustic cavity hav-

ing an exact solution that eigenvalues and mode shapes obtained by the proposed method using only

32 nodes agree exactly with the exact solution although eigenvalues obtained by ANSYS using 2840

nodes have some errors with respect to the exact eigenvalues.
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Fig.1 Arbitrarily shaped, 2-D acoustic cavity dis-
cretized with boundary nodes 7,5,....Py
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(b) 32 nodes

Fig.2 Circular acoustic cavity of unit radius dis-
cretized with 16 and 32 boundary nodes, re-
spectively
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Fig.3 Determinant curve for the circular acoustic cavity
(dotted line: 16 nodes, solid line: 32 nodes)

Table 1 Eigenvalues of the circular acoustic cavity
by NDIF method, the exact solution"”, and
ANSYS (parenthesized values denote errors
(%) with respect to the exact solution)
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Fig.4 R. and R, for the acoustic cavity and mem-
brane discretized using 32 nodes
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Fig.5 Determinant curve for the circular acoustic
cavity discretized using 32 nodes, plotted by
Eq. (14)

(g) 7th mode

(h) 8th mode

Fig. 6 Mode shapes obtained by the proposed meth-

od using 32 nodes
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(a) 1st mode (b) 2nd mode

(c) 3rd mode (d) 4th mode

(e) 5th mode (f) 6th mode

(g) 7th mode

(h) 8th mode

Fig. 7 Mode shapes obtained by ANSYS using 2840
nodes
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