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Investigation on Natural Modes of Substructure of Wave Energy Converter
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ABSTRACT

An efficient wave energy converter with new overtopping flow device on which spiral reefs are

attached is proposed by Maritime and Ocean Engineering Research Institute in Korea and its

candidate substructures such as monopile, tripod and jacket are designed. This study investigates

modal characteristics of the substructures by analyzing natural frequencies and mode shapes.

on the modal analysis results,

strategies
conditions.
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Based

relative strength, governing modes and some complementary design

of each candidate substructure are compared and discussed considering water depth
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(") Fixed supports

Fig. 2 Sketch of monopile, tripod and jacket

Table 1 Particulars of designed monopile

Water depth 20 m 35m 50 m

Hi 13m I15m 16 m

Hs Sm 18 m 32m
Pile 1(Dxt) | 3mx76 mm | 3 mx76 mm | 3 mx76 mm

Pile 2(Dxt)

3.5 mx76 mm

4.5 mx76 mm

5.2 mx76 mm

Substructure
weight

103 ton

231 ton

395 ton

Table 2 Particulars of designed tripod

Water depth 20 m 35m 50 m

B 8.66 m 2598 m 51.96 m

H, 13m 18 m 18 m

H» Sm I15m 30m

Pile (Dxt) |2.8mx76 mm |2.8 mx76 mm| 3 mx76 mm
Brace (Dxt) | 1 mx85mm | 1 mx85 mm |1.35 mx100 mm
Substructure |5y 4, 526 ton 1413 ton
weight

Table 3 Particulars of designed jacket

Water depth 20 m 35m 50 m
No. of floors 4 7 9
B, 44m 44m 44 m
B> 84 m 10 m 12.6 m
Pile (Dxt) I1mx36 mm | 1 mx36 mm | 1mx48 mm
Brace (Dxt) |0.6 mx32 mm | 0.6 mx32 mm| 0.6 mx32 mm
Stirrup (Dxt) | 0.6 m*x40 mm | 0.6 mx40 mm | 0.6 mx40 mm
Substl:ucture 231 ton 412 ton 654 ton
weight
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Fig. 3 Finite element model of monopile, tripod and
jacket(waterdepth = 20 m)
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Table 4 Mass condition of superstructure

Mass (ton) 673
Ix 37856.25
Rotational inertia (ton-mz) Iy 37856.25
I, 37856.25

Fig.4 Grid system for calculating added mass of
superstructure using higher order boundary
element method
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Table 5 Natural frequencies(Hz) and mode shapes of monopile
Mode no. Water depth=20 m Water depth=35 m Water depth=50 m
1 1.153 (1st bending) 0.875 (1st bending) 0.712 (1st bending)
2 2.214 (1st torsion) 1.977 (1st torsion) 1.895 (1st torsion)
3 4.361 (2nd bending) 2.613 (2nd bending) 1.988 (2nd bending)
4 6.840 (vertical deformation) 5.540 (vertical deformation) 4.905 (vertical deformation)
5 63.078 (3rd bending) 21.320 (3rd bending) 11.587 (3rd bending)
6 94.872 (2nd torsion) 45.874 (2nd torsion) 27.328 (2nd torsion)
7 146.190 (vertical deformation) 61.008 (4th bending) 31.472 (4th bending)
Table 6 Natural frequencies(Hz) and mode shapes of tripod
Mode no. Water depth=20 m Water depth=35 m Water depth=50 m
1 1.067 (1st bending) 0.782 (1st bending) 0.790 (1st bending)
2 1.772 (1st torsion) 1.260 (1st torsion) 1.360 (1st torsion)
3 4.142 (2nd bending) 2.849 (2nd bending) 2.994 (2nd bending)
4 5.614 (vertical deformation) 3.708 (vertical deformation) 2.996 (bottom brace bending)
5 55.803 (3rd bending) 8.781 (bottom brace bending) 3.396 (vertical deformation)
6 94.872 (2nd torsion) 12.086 (2nd torsion) 4.148 (2nd torsion)
7 79.025 (bottom brace bending) 12.435 (3rd bending) 4.273 (3rd bending)
Table 7 Natural frequencies(Hz) and mode shapes of jacket
Mode no. Water depth=20 m Water depth=35 m Water depth=50 m
0.530 (top floor bending) 0.527 (top floor bending) 0.528 (top floor bending)
2 1.126 (1st torsion) 1.077 (1st torsion) 1.046 (1st torsion)
3 1.824 (top floor bending) 1.767 (top floor bending) 1.556 (1st bending)
4 3.844 (1st bending) 2.017 (1st bending) 1.754 (top floor bending)
5 22.477 (2nd torsion) 12.855 (2nd bending) 8.344 (2nd bending)
6 24.329 (2nd bending) 13.341 (2nd torsion) 9.185 (2nd torsion)
7 30.386 (bottom floor bending) 17.729 (lateral deformation) 11.830 (lateral deformation)
N

Fig. 8 1st, 2nd and 3rd bending modes of monopile

(water depth=20 m)

Fig.9 1st, 2nd and 3rd bending modes of tripod

(water depth=20 m)

S=28/A 204 A435, 20103/327



Vi

Fig. 10 1st and 2nd torsion modes of tripod (water
depth=35 m)

Fig. 11 Vertical deformation and bottom brace bending
modes of tripod(water depth=35 m)

Fig. 12 1st and 2nd bending modes of jacket(water
depth=35 m)
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Fig. 13 1st and 2nd torsion modes of jacket(water
depth=50 m)

Fig. 14 Top floor bending modes of jacket(water
depth=20 m)
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Fig. 16 Comparison of the first bending frequencies
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