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Development of the NDIF Method Based on the Sub-domain Method
to Overcome the Non-extraction Problem of Low-order Eigenvalues
for Concave Membranes: Part 2(Example Studies and Considerations)
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ABSTRACT

The first part of this paper proposed a theoretical formulation of an improved NDIF method
designed to overcome the issue of non-extraction of low-order eigenvalues in the NDIF method when
applied to the sub-domain method. The validity of the proposed formulation was confirmed using
membranes of simple geometries. In this second part of the paper, example studies are conducted on
concave membranes with various shapes, including V-shaped, L-shaped, and concave circular membranes,

in order to verify the validity and accuracy of the NDIF method theory presented in Part 1.
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(a) 27 nodes

(b) 36 nodes

Fig.1 V-shaped concave membranes divided into two
domains and discretized with 27 and 36 nodes,
respectively
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Fig.2 Determinant curves of the V-shaped concave
membrane for 27 and 36 nodes plotted by the
previous NDIF method using Eq. (1) or Eq. (3)
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Table 1 Eigenvalues of the V-shaped concave mem-
brane obtained by the previous NDIF method
using Eq. (1) or Eq.(3), FEM(ANSYS) and
the proposed method using Eq. (5)

Previous NDIF method FEM Proposed
B naikg)|
27 nodes 36 nodes | ( (36 nodes)
A 6.03 None 5.98 6.01
A@ 7.06 None 7.07 7.07
A® 9.12 9.10 9.11 9.10
A®1 1046 10.46 10.48 10.46
A9 1072 10.71 10.70 10.71
A© 11.67 11.69 11.75 11.69
AD 12.50 12.50 12.49 12.50
A® 13.52 13.54 13.60 13.54
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Fig.3 Determinant curve of the V-shaped concave

membrane for 36 nodes plotted by the pro-
posed method using Eq. (5)
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Fig. 4 Rank of system matrix TM for the V-shaped
concave membrane discretized with 36 nodes
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(a) 28 nodes

(b) 45 nodes

Fig.5 L-shaped concave membranes divided into
two domains and discretized with 28 and 45
nodes, respectively
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Fig. 6 Determinant curves of the L-shaped concave
membrane for 28 and 45 nodes plotted by the
previous NDIF method using Eq. (1) or Eq. (3)

Table 2 Eigenvalues of the L-shaped concave mem-
brane obtained by the previous NDIF method
using Eq. (1) or Eq.(3), FEM(ANSYS) and
the proposed method using Eq. (4)

Previous NDIF method FEM PTOPESZd
metho

28 nodes | 45 nodes | (1281 nodes) (45 nodes)
A0 3.16 None 3.11 3.14
A® 3.89 None 3.90 391
A® 4.44 None 4.45 4.44
A@ 5.43 None 5.44 5.43
A® 5.72 None 5.67 5.70
A© 6.49 6.48 6.47 6.48
A0 6.68 6.70 6.73 6.70
A® 7.03 7.02 7.05 7.02
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Fig. 7 Rank of TM for the L-shaped concave mem-
brane discretized with 45 nodes
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Fig.8 Determinant curve of the L-shaped concave
membrane for 45 nodes plotted by the pro-
posed method using Eq. (4)
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Fig.9 Concave circular membranes of unit radius
divided into two domains and discretized
with 20, 29 and 38 nodes, respectively
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Fig. 10 Determinant curves of the concave circular
membrane for 20, 29 and 38 nodes plotted
by the previous NDIF method using Eq. (1)
or Eq.(3)

Table3 Eigenvalues of the concave circular mem-
brane obtained by the previous NDIF method
using Eq. (1) or Eq. (3), FEM (ANSYS) and
the proposed method using Eq. (4)

Previous NDIF method FEM Proposed

s | v | noss | 20080 | 65 e
AD | 345 3.43 | None 3.38 3.41
A® | 426 | 427 | None 428 427
AP 514 5.14 5.14 5.14 5.13
A | 597 5.97 5.97 5.97 5.97
A9 1 6.74 6.66 6.62 6.54 6.62
291 678 6.79 6.79 6.79 6.79
AP 741 7.46 7.48 7.49 7.48
A® | 758 7.59 7.59 7.59 7.59
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Fig. 11 Determinant curve of the concave circular

membrane for 38 nodes plotted by the pro-
posed method using Eq. (4)
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Fig. 12 Rank of TM for the concave circular mem-
brane discretized with 38 nodes
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