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ABSTRACT

The Kansa method, which is used for various free vibration problems of arbitrarily shaped plates

including membranes,

discretizes the domain of a plate using only nodes without elements unlike

FEM. The method requires a small amount of computation relative to FEM thanks to this discretiza-

tion scheme but has limit in the accuracy of its solution. This paper reveals the reason of the limit

and, to overcome the limit, proposes the practical method of calculating the singularity of a system

matrix and extracting accurate natural frequencies. Case studies for a rectangular plate and an arbitra-

rily shaped plate validate the proposed method.
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Fig. 2 Rectangular plate discretized with 63 nodes

(unit : m)
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Table 1 Natural frequencies of the rectangular plate
using ¢ =15; parenthesized values denote per-
centage errors

Natural frequency(Hz)
Mode| Kansa method Exact solution'”| NPIF method”
(63 nodes) (24 nodes)
1 23.87(+0.34) 23.79 23.79(0.00)
2 | 49.60(+0.24) 49.48 49.48(0.00)
3 69.23(-0.33) 69.46 69.46(0.00)
4 91.98(-0.35) 92.30 92.30(0.00)
5 94.94(-0.23) 95.16 95.16(0.00)
6 137.32(-0.48) 137.98 137.98(0.00)
Table 2 First natural frequency of the rectangular

plate by the Kansa method when ¢ is de-
creased by 0.5; parenthesized values denote
percentage errors

First natural frequency(Hz)
Mode c
3.0 3.5 4.0 4.5 5.0

None | 23.81 | 23.84 | 23.86 | 23.87 | 23.79
(+0.08) | (+0.21) | (+0.29) | (+0.34)

Exact
solution
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Fig. 3 First natural frequency of the rectangular plate
by the Kansa method when c¢ is decreased by
0.1 from 6.5 to 1.5
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Fig. 4 Singularity of the system matrix SA of the
rectangular plate when ¢ increases
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Fig. 5 First natural frequency of the rectangular plate
by the proposed method when ¢ is decreased
by 0.1 from 6.5 to 1.5
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Fig. 6 Logarithm graph for det(SM) of the rec-
tangular plate plotted by the proposed method
using ¢=2.0

Table 3 Natural frequencies of the rectangular plate
obtained by the Kansa method, the exact
solution, and the proposed method; parenthe-
sized values denote percentage errors

Natural frequency(Hz)
Mode| Kansa method Exact Proposed method
(c=4.5) solution"'” (c=2.0)
1 23.86 23.79 23.79
(+0.29) (0.00)
5 49.54 49.48 49.46
(+0.12) (-0.04)
3 69.13 69.46 69.42
(-0.48) (-0.06)
4 92.00 92.30 92.45
(-0.33) (+0.16)
5 94.81 95.16 95.09
(-0.37) (-0.07)
6 137.25 137.98 138.08
(-0.53) (+0.07)
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Fig. 7 Dimensions of the arbitrarily shaped quadri-
lateral plate discretized with 72 nodes (unit: m)
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Fig. 8 Singularity of the system matrix SA of the
quadrilateral plate when ¢ increases
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Fig.9 First natural frequency of the quadrilateral
plate by the Kansa method when ¢ is de-
creased from 10 to 0.9
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Table 4 Natural frequencies of the arbitrarily shaped
quadrilateral plate obtained by the proposed

method and other methods; parenthesized
values denote percentage errors
Natural frequency(Hz)
Kansa Proposed @)
NDIF FEM
Mode| method method @)
€=12) | (c=0.8) method (ANSYYS)
72 nodes 22 nodes 1812 nodes
1 4.522 4.503 4.497 4.410
(0.56) (0.13) (-1.93)
’ 10.41 10.38 10.39 10.24
(0.19) (0.10) (-1.44)
3 11.89 11.87 11.87 11.71
(0.17) (0.00) (-1.35)
4 18.07 18.05 18.02 17.83
(0.28) (0.17) (-1.05)
5 20.00 20.01 20.07 19.75
(-0.35) | (-0.30) (-1.59)
6 23.45 23.47 23.73 23.36
1.18) | (-1.10) (-1.56)
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Fig. 10 Logarithm graph for det(SM) of the quadri-
lateral plate plotted by the proposed method
using ¢ =0.8
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