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Abstract : OWEC (Overtopping Wave Energy Converter) is a wave power generation system using the wave overtopping. The performance and safety
of the OWEC are affected by wave characteristics, such as wave height, period. To mitigate this issue, optimal OWEC designs based on wave
characteristics must be investigated. In this study, the environmental conditions along the Ulleungdo coast were used. The hydraulic efficiency of the
OWEC was calculated using SPH (Smoothed Particle Hydrodynamics) by comparing 4 models that changed the substructure. As a result, it was possible
to change the substructure. Through design optimization, a new truss-type structure, which is a substructure capable of carrying the design load, was
proposed. Through a case study using member diameter and thickness as design variables, structural safety was secured under allowable stress
conditions. Considering wave load, the natural frequency of the proposed structure was compared with the wave period of the relevant sea area.
Harmonic response analysis was performed using wave with a I-year return period as the load. The proposed substructure had a reduced response

magnitude at the same exciting force, and achieved weight reduction of more than 32%.
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2.2 Allowable Stress design criteria
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Table 1. 10 & 100-year wave conditions of each scales

10y Significant 100y Maximum
1/1 scale 1/10 scale 1/1 scale 1/10 scale
Wave
Height 2.8 0.28 4.24 0.424
[m]
Wave
Period 737 2.33 7.72 2.44

[s]

A AEE
L
—
Ret N

L

(a) OWEC 2D model (b) OWEC 3D model

Fig. 1. Geometry of OWEC design model.

Table 2. Design parameters of OWEC

Design Parameters OWEC  Design Parameters =~ OWEC
Length of Bottom 36 Height of Reservoir 0.05
Ll (m) Rel (m)
Length of Ramp 115 Height of Reservoir 01
L2 (m) ’ Re2 (m) '
Height of OWEC 325 Height of Reservoir 02
Hl (m) ’ Rc3 (m) ’
Water depth 18 Height of Reservoir 028
H2 (m) ' Rc4 (m) ’
Angle of Ramp Reservoir slot
o 35 0.1
) w (m)
(@ (b)
© (d)

Fig. 2. Design changed models (a) Original (b) Model 1 (-6m)
(c) Model 2 (-12m) (d) Model 3 (-18m)
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Table 3. The parameters of design change models (Model 1~4)

Design Parameters Model;  Model, Model;  Modely

Length of Bottom,

L1 (m) 3.6 3.0 24 1.8
Length of Ramp

12 (m) 1.15 1.15 1.15 1.15
Height of Reservoir 05 005 005 0.0

Rel (m)
Height of Reservoir

Re2 (m) 0.1 0.1 0.1 0.1
Height of Reservoir

Re3 (m) 0.2 0.2 0.2 0.2
Height of Reservoir 5 58 028 028

Rc4 (m)
Particle Parameters Modell Model2 Model3 Model4
Particle distance (m) 0.005

Particle

number of Fixed 22650 22864 22984 23104

Particle

number of Moving 1443 1443 1443 1443

Particle

number of Fluid 1235916 1255179 1276659 1298139

Particle

number of Total 1260009 1279486 1301086 1322686
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Fig. 3. Geometry of 2-Dimensuional tank.
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Table 4. Hydraulic efficiency of each models

Mhydr,1 Mhydr,2 Thydr,3 Mhydr,a Thydr,all
Original 0.107 0.158 0.080 0.023 0.367
Mdoel 1 0.107 0.160 0.090 0.010 0.367
Model 2 0.112 0.158 0.083 0.009 0.362
Model 3 0.114 0.161 0.076 0.009 0.360

Table 5. Force acting on the Ramp and Vertical wall

Axis Ramp [N] Vertical wall [N]
X 1270 917.51
Y 0 0
Z -2510 -291.84
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4.1 Optimization of OWEC Models
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Fig. 5. Structure design.

Fig. 6. Initial design model and design parameters.

150000
125000 [
£ j00000
5
=
Z s000
LEO000
1 2 3 4 5 g
Heration

Fig. 7. Shape optimization results by iteration.
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* Line element Modelling

« Leg diameter
- Leg thickness
- Brace diameter

- Brace thickness

Fig. 8. Line element modelling.

Table 6. Considered scenarios with respect to parameters of the

members
Case Volume Dy Dy tr tp

[%] [mm] [mm] [mm] [mm]
Case 1 50
Case 2 40 1000 500 25 10
Case 3 30
Case 4 50
Case 5 40 300 150 50 20
Case 6 30

4.2 Load Conditions

xR §4 AAsE ] 6 FrEel A
HE= @A e A stes Al AA e
Au] 91x]of st oY 3 2ol atES ALtet
o] et on, 1 LﬂM 748 FHote] AdHe 4 =
o Agaery FaBol MAHE AP A FREL
=9, 99, 2749, d7Y 59 AT AT E
A% 5 e dhgol AEHE AgolN TEY duRe
wEsiolop o), Hotel 47 5

o

F = F,+F, ©)

F, = DCD 1 UL (10)
nD?

F= ()08, ()

714, Fy= 9l ol & & WE, R W) do] @
#AdY Y, v {9 2E, 9= FHER, D £
o] 7t2 A& W gk FAe FAE, O FHAT,
U,& A Fol FAT §A) SEUE AR, G B
Ao & fAFel 2AT BAY AL, o, & FANEE
o BA Fol FAG AEE YRS e

FAYAe] & 9 7k wE R AL A oA
o A} o] (A 12-15% & gate] Axatsich

wH
U= T cos () (12)
wH Zy .

w = T(1+E)sm(9) (13)

ou om’H .

—= sin (6 14

L T (6) (14)

ow 2mH z

ST (1+E)cos(0) (15)

A7NA, uwE FA GAe FE S5 AR, we FA4 A
o 41 HE AR, HE 2, TE R, ke 9, dE
F4e vepdr,

5H12T€~EE Az YAAA dSEE gl 2R
A #4835 oﬁvq R AAN A8 A A

de} 2o
F, = CL(%)VQAl (16)
Fp = Gyl ) V4, (17)

7|4, F& ©9] o] 3 Hekd
T A FEE, AL PO Wk A%
Zo] Jo] Fof WA, Fy= ©e do] 3 ", O I
HAFE YERITH

APLI-RP-2A-WSDOl| A 3}o], Table 79 T2 &
= dteEe YERISITH

o 23

- 997 -



e - o] TR
Table 7. Loads applied to the substructure
Marine conditions
H,,, (m) 4.24
Wave
Tp (s) 7.72
Current Us (mfs) 1.65
Ave. water depth h (m) 20
Ave. water temp. T (C) 4.8
Wind - -
Sea ice - -
Subsidence - -
Load Value
1.Static Load 32.1E+6 [N]
7 [m] 2.1E+5 [N]
9 [m] 2.7E+5 [N]
2.Hydro-Static load 11 [m] 3.3E+5 [N]
13 [m] 3.9E+5 [N]
15 [m] 4.5E+5 [N]
3.Current Load 884.8 [N/m]
4.Wave Load 1,780 [N/m]

4.3 Structural analysis
A3 4 Aste] AL Fnat) 8 T2 A

TEstglem, 2 dAs sl Fofg AAxd R st
71L& ol Fig 99+ 2t
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TEUT S ARFREY] AFE 2 WFoR Folg)
Fom, g s Fe e wek JRdE Ak | 3ot 2l
b= Rl x WFor Fosglty. g s st
ol ¥ A4S AAtste] FRES] HAE EIE 17}
o R A FAsTS AdsATh

Hydrostatic load applied
at points by height

(3+4)
Combination load

Fig. 9. Boundary and loading conditions imposed on the
substructure model.
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Table 8. Structural safety assessment result (unit: MPa)

Case F, tension F comp E E} Remark
Case 1 55 56 O.K.
Case 2 41 57 O.K.
Case 3 96.9 64 OK.

150 147
Case 4 87 96.9 OK.
Case 5 41 97 O.K.
Case 6 45 106 O.K.

Table 89 Case 1, 3, 494 41.3MPaS Z¥}sl= A4S
o KA AAR Ebo A s AL gl ]

f48 AR s E] AZAFdA T]EEty Bl
o & 918t Eo] Zk(Singularity Value)o] 24 E A o= wekal
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Fig. 10. Result of stress analysis.
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Table 9. Modal analysis result (unit: Hz)

Model Type Mode Natural frequency
1* mode 13
Initial Model 2™ mode 2.78
3™ mode 8.1
1* mode 0.99
Case 6 2™ mode 1.37
3" mode 7.77

Fig. 11. Case 6 2™ Mode shape result.
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