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Development of the NDIF Method Using a Sub-domain Approach
for Extracting Highly Accurate Natural Frequencies
of Arbitrarily Shaped Plates
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ABSTRACT

The NDIF method based on a sub-domain technique is introduced to extract highly accurate natu-

ral frequencies of arbitrarily shaped plates with the simply-supported boundary condition. The NDIF
method, which was developed by the authors for the eigen-mode analysis of arbitrarily shaped plates
with various boundary conditions, has the feature that it yields highly accurate natural frequencies
thanks to its effective theoretical formulation, compared with other analytical methods or numerical
methods(FEM and BEM). However, the NDIF method has the weak point that it can be applicable
for only convex plates. It was revealed that the NDIF method offers very inaccurate natural frequen-

cies or no solution for concave cavities.

To overcome the weak point, the paper proposes the

sub-domain method of dividing a concave plate into several convex domains. Finally, the validity of

the proposed method is verified in various case studies, which indicate that natural frequencies ob-

tained by the proposed method are very accurate compared to the exact method and FEM(ANSYS).
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Fig. 3 Rectangular plate divided with 2 domains

Table 1 Natural frequencies(Hz) of the rectangular
plate by the proposed method, the exact
solution, and FEM(parenthesized values de-
note errors(%) with respect to the values
by the exact solution)

Pr;‘gﬁffid Exact FEM(ANSYS)
(29 nodes) solution™ (1238 nodes)
1 23.789(0.00) 23.789 23.808(0.08)
2 49.481(0.00) 49.481 49.603(0.25)
3 69.463(0.00) 69.463 69.666(0.29)
4 92.296(0.00) 92.300 92.872(0.62)
5 95.155(0.00) 95.155 95.463(0.32)
6 138.113(0.10) 137.977 138.732(0.55)
7 145.395(0.13) 145.590 146.589(0.69)
¥
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Fig. 4 Arbitrarily shaped, concave plate divided with
2 convex domains
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Table 2 Natural frequencies of the arbitrarily shaped
plate by the proposed method(7=0.2) and
FEM(parenthesized values denote errors (%)
with respect to the values by FEM with
1299 nodes)

Table 4 Natural frequencies of the arbitrarily shaped
plate by the proposed method(7=0.4) and
FEM(parenthesized values denote errors(%)
with respect to the values by FEM with
1290 nodes)

Proposed FEM(ANSYS) Proposed FEM(ANSYYS)
method 1299 835 573 method 1290 820 575

(29 nodes) nodes nodes nodes (29 nodes) nodes nodes nodes
1 30.74(0.56) 30.57 30.59 30.63 1 45.43(1.83) 44.62 44.68 44.78
2 53.94(0.37) 54.14 54.18 54.25 2 62.28(0.31) 62.47 62.56 62.63
3 91.77(0.32) 92.06 92.27 92.57 3 103.93(0.17) 103.76 104.01 104.28
4 | 101.89(0.46) 101.42 101.65 102.00 4 | 136.71(0.42) 137.28 137.62 138.28
5 112.29(0.51) 112.86 113.09 113.47 5 143.59(0.31) 143.15 143.64 144.36
6 155.90(0.06) 155.99 156.45 157.02 6 170.17(1.29) 172.39 173.27 173.97
7 157.02(0.76) 158.22 158.91 159.64 7 195.24(0.24) 194.77 195.60 197.11
8 | 203.44(0.06) 203.31 204.23 205.51 8 | 228.40(1.20) 231.17 231.99 233.68

Table 3 Natural frequencies of the arbitrarily shaped
plate by the proposed method(»=0.3) and
FEM(parenthesized values denote errors(%)
with respect to the values by FEM with
1342 nodes)

Proposed FEM(ANSYS)
method 1342 809 578

(29 nodes) nodes nodes nodes
1 36.71(1.23) 36.26 36.30 36.35
2 57.44(0.37) 57.65 57.72 57.78
3 97.64(0.25) 97.89 98.13 98.36
4 120.25(0.67) 119.45 119.91 120.36
5 123.95(0.45) 124.51 124.92 125.26
6 161.53(1.00) 163.16 163.90 164.75
7 171.05(0.11) 170.85 171.61 172.34
8 | 213.77(1.03) 216.00 217.21 218.28
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