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ABSTRACT

Ocean waves have huge amounts of energy, even larger than wind or solar, which can be extracted by some mechanical 

device. This can be done by creating a system of reacting forces, in which two or more bodies move relative to each other, 

while at least one body interacts with the waves. This moves the floater up and down. The floaters are connected to an arm 

structure, which are mounted on a fixed hull structure. Hence, the structure of the floater is very important. A static structural 

analysis with FSI (Fluid-Structure Interaction) analysis is conducted. To achieve the pressure load for the FSI analysis, the 

floater is simulated on a wave generator using rigid body motion. The structural analysis is done to examine the stresses on 

the whole system, and four types of flange and floater are optimized. The result shows that the structure of floater with wood 

support is the safest.

1. Introduction

In recent years, with economical development, 

mankind continues to excessively use and rely on the 

traditional energy such as coal, oil and natural gas, 

which causes a global energy crisis. Hence, 

exploitation and utilization of new and renewable 

energy is becoming the only way for the human 

sustainable development in the 21st century. 

Oceans cover 70 percent of the earth’s surface and 
represent an enormous amount of energy in the form 

of wave, tidal, marine current and thermal resources. 

Though ocean energy is still in a developmental stage, 

researchers are seeking ways to capture that energy 

and convert it to electricity
(1)
. In addition, wave energy 

includes characteristics that are renewable, no 

pollution, large reserves and wide distribution but low 

density, unstable and difficult to use. At present, the 

technology of wave power generation is entering the 

stage of commercial development and will develop to a 

large-scale use and a direction which could be 

independent and stable.

Wave power is distinct from the diurnal flux of tidal 

power and the steady gyre of ocean currents. Wave 

power generation is not currently a widely employed 

commercial technology, although there have been 

attempts to use it since at least 1890
(2)
. In 2008, the 

first experimental wave farm was opened in Portugal, 

at the Agu　adoura Wave Park
(3)
.

Korean seas in the southern coast have sufficient 

wave energy for applying a wave energy converter. 

Fig. 1 shows wave measurement data at Chilbaldo in 

Jeonnam. A total of 138,624 data was collected from 

which the mean wave height are shown from year 2000 

up to 2010. The wave height ranges from about 1 m to 

3 m and have energy density of about 4.56 kW/m. 
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Fig. 1 Mean wave height at Chilbaldo, 2000-2010
(4)

Fig. 2 Wave energy converter model of whole device

(a) Analysis model of Type 1

(b) Analysis model of Type 2

(c) Analysis model of Type 3

(d) Analysis model of Type 4

Fig. 3 4 different structure of floaters for static structural analysis

The major competitor of wave power is offshore wind 

power. However, companies should not think about 

wave power as competition but as a bonus with 

offshore wind technology as both could be used at the 

same time from the same location. So we suggest that 

renewable energy such as wind and ocean technologies 

could be combined and used hand in hand, rather 

competing between them.

Hence, we try to extract the wave energy by some 

mechanical device. This can be done by creating a 

system of reacting forces, in which two or more bodies 

move relative to each other, while at least one body 

interacts with the waves. The idea is to generate power 

by the motion of the waves, letting a floating structure 

follow the wave motion. This moves the floater up and 

down. The structure of the floater, arm and cylinder is 

very important so the structure should be examined for 

structural feasibility. The purpose of this paper is 

developing a new kind of floater type wave energy 

converter and conducting structural analysis for the 

floater type of wave energy converter and improving 

the structure of floater. 

2. Wave Energy Converter Models and 

Numerical Methods

2.1 Wave energy converter models

Figure 2 shows the floater type of wave energy 

converter device. There are ten floaters that are 

working independently in this whole device, and five 

on each side.

The main components of the system consist of three 

main components which are floater, arm and the 

cylinder. The floater is on the surface of the water, 

and it follows the wave motion. With the wave motion, 

the only motion of the floater is up and down. The 

floater is connected to an arm structure, which are 

mounted on a hull structure that is fixed. The arm is 
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(a) Photograph of Type 4 floater with wood

(b) Photograph of floater for Types 1, 2 and 3

Fig. 4 The photograph of the floater

Parts Element No. Nodes No.

Floater 69480 139781

Arm 95809 187133

Cylinder 9450 16739

Other 28624 65572

Total 203363 409225

Table 1. The numerical grid number for each part

Fig. 5 Numerical grid of the floater model for static structural 

analysis

a connecter between floater and cylinder. The motion 

and the energy is transferred from floater to cylinder 

by the arm.

The diameter of floater is D=1200 mm, the thickness 

of the floater shell is t=4 mm, and the material of the 

floater is fiber reinforced plastic(FRP) as shown in Fig. 

3(d). The length of arm is L=3000 mm and the material 

of the arm is steel with a hollow structure. The 

diameter of the cylinder is d=20 mm and the material 

of the cylinder is also steel.

There are four types of floater system for static 

structural analysis. Type 1 is the original design, 

without any support on the floater, and the floater is 

the same for all four types as shown in Fig. 3(a). The 

structure of type 2 with single rib support on the cover 

of floater and of type 3 with cross rib support on the 

cover of floater is shown in Fig. 3(b) and (c), 

respectively. The material of the support is steel. 

However, for type 4, wood is used for support because 

of its low density, and the wood brace is glued at the 

centroid of the floater. Fig. 3(d) shows the cross 

section of the analysis model of type 4 with the wood 

brace at centroid.     

Figure 4 shows the actual photograph of the floaters. 

Fig. 4(a) shows the internal view of floater of type 4. 

The wood brace is connected with the cover of floaters 

by glue, and the material of the floater cover is made 

by FRP. Fig. 4(b) shows the floater without cover. 

From type 1 to 4, the structure and material of floater 

is same.  

 

2.2 Numerical methods

For the numerical analysis on the static structural 

of the floater, a commercial code of ANSYS CFX
(5)
 is 

adopted. The grid elements number of about 2×10
5
 and 

nodes of about 4×10
5
 for the total structure field has 

been used as shown in Table 1. This table shows the 

detail for the grid number of each part. Fig. 5 shows 

the numerical grid of the floater model for static 

structural analysis. The numerical method is shown in 

Table 2.

The boundary conditions for the static structural 

analysis is shown in Fig. 6. The flatbed which is fixed 
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Static 

Structure

Analysis

Supports Fixed support

Load Force 3000 N

Joint connection Revolute

Contacts

connection
Bonded

FSI
Imported solution CFX-Fluid Flow

Imported load Pressure

Table 2. Numerical method and conditions for structural analysis

Fig. 6 Boundary conditions for static structural analysis of floater

Fig. 7 2D wave simulation

Analysis type Unsteady state

Inlet  Velocity （Eqs. 2 and 3）

Outlet Static pressure

Floater surface

for 3D CFD
Rigid body

Top opening Opening

Turbulence model Shear stress transport (SST)

Multi-phase flow Homogeneous model

Table 3. Boundary condition for CFD analysis

on the hull structure and connected to the arm is set 

as support of fix boundary condition. There are three 

joints connecting the arm, hull structure and the 

cylinder together. The boundary condition of joint is 

set as revolute. In this study, in order to examine the 

structure of floater safety under the extreme 

condition, even though the wave force is a variable, 

the maximum wave reaction force of 3000 N is used. 

The force of 3000 N is set at the bottom surface of the 

floater with upward direction. The inertial condition is 

set as the standard earth gravity boundary condition. 

New materials are defined and the density, Young’s 
modulus and Poisson's ratio are set, as these are 

mandatory parameters needed for static structural 

analysis. 

For conducting the FSI analysis, first a 2D wave 

tank was modelled to simulate appropriate wave 

characteristics as shown in Fig. 7. The 2D wave tank is 

only used for checking the CFD method for wave 

generation. This method reduces unnecessary calculation 

time for 3D simulation. The wave was generated using 

the function method as described by Gomes
(6)
. The 

function method uses the equation describing the 

motion of the free surface in Stokes second order 

theory, given by equations 1 to 3, where equations 2 

and 3 are velocity components:
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(1)
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(2)

sinh
sinh
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(3)

where z is the position variation of the free water 

surface to the seabed and k is the normal unit vector, 

u is the velocity component in x-direction(horizontal) 

and w is the velocity component in z-direction 

(vertical), η is elevation of the wave, ω  is the circular 
frequency of wave. Further details of this theory can 

be found in McCormick
(7)
 and Dean and Dalrymple 

[8]
. 

The estimated wave characteristics necessary for the 

function method settings for 2D simulation are the 

water depth, h=1.2 m, wave period, T=1.4 s and the 

wave amplitude, A=0.06 m. The total simulation time 

was set as 60 seconds. Table 3 shows the boundary 

conditions for 2D and 3D CFD analysis. 

The hexahedral numerical grid is shown in Fig. 8.  
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Fig. 8 Numerical grid for wave simulation with rigid body

Fig. 9 3 Dimensional wave simulation with rigid body

Fig. 10 Imported pressure load from CFD to Structure Analysis
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Fig. 11 Graphical presentation of maximum stresses on all cases

Property FRP Steel

Young’s modulus (MPa) 2×10
4

2×10
5

Poisson’s ratio 0.3 0.3

Tensile yield strength (MPa) 100 250

Compressive yield strength (MPa) 100 250

Table 4. Material Properties of FRP
(9-11)
 and Steel

Using the 2D CFD method, a 3D model was simulated 

with moving mesh for rigid floater body, shown in Fig. 

9. The results obtained from the 3D simulation were 

imported for the FSI analysis as shown in Fig 10, 

which is one-way FSI alalysis. The mapping of CFD to 

static structure analysis was more than 90%. The same 

numerical grid used for static structural was used for 

the FSI analysis.  

3. Results and Discussion

For the static structural analysis, the stress of the 

structure is the one of the most important issue. 

Therefore, there is a need for examining the stress of 

the floater system. Fig. 11 summarizes a more detailed 

view of the stresses for each case. Table 4 shows the 

material properties of the FRP and steel used for the 

analysis. Material properties for FRP are not very 

accurately available and for this analysis we have 

researched a wide range of values and taken values for 

a moderate strength of FRP usually used by most 

industries. 

Fig. 12 shows the equivalent stress of the floaters. 

It is observed that the floater without any support and 

rib(Type 1) has the highest stress concentrating around 

the flange and the edge of the floater cover. Type 2 

with single rib has the distribution of the high stress 

moving to both ends of the rib and the value is reduced 

considerably. For the floater with cross ribs (Type 3), 

there is little stress around the part where it connects 

with the flange. Moreover, for the floater with the 

wood brace support at the centroid(Type 4), the stress 

reduces less than 10 MPa. The results imply that the 

floater with cross ribs structure and or with the wood 

brace support at floater centroid reduced the stress 

effectively, especially for Type 4, the stress almost 

less than 10 MPa. It is also observed that the arm 

sustains the maximum stress out of all the parts 

analyzed for all the cases.  
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Fig. 12 The equivalent stress of the floaters by static structural 

analysis

Fig. 13 Average wave height for time 10 ~ 60 seconds
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Fig. 14 Comparison with static structural and FSI analysis without 

wood support (Type 1)
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Fig. 15 Comparison with static structural and FSI analysis with 

wood support (Type 4)

The 2D wave simulation results as seen in Fig. 13 

shows the average wave height for a time of 10 to 60 

seconds. After 10 seconds the waves become steady and 

there is a very little change seen. The wave height 

fluctuates from 0.11 to 0.14 meters. A similar trend 

was observed for the 3D simulation so the result at 10 

seconds was imported for fluid structural interface 

analysis.

Results show as seen in Figs. 14 and 15, comparison 

between static structural and FSI analysis. It indicates 

that the floater and arm structure are safely below the 

tensile stress of the materials. However, for FSI  

analysis of Type 1, it is observed that the stress is 

high for every component and it will not be 

recommended for the implementation. The best case is 

observed at Type 4, as it shows the small stress on the 

floater, flange and arm. 

Figure 16 shows the equivalent stress of the floaters 
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Fig. 16 The equivalent stress of the floaters by FSI

by the FSI analysis. There is relatively high stress 

region concentrating around flange and the edge of the 

floater cover of Type 1. The stress on the floater was 

suppressed effectively by wood support(Type 4). This 

shows similar trend with the that of static structural 

analysis. 

Generally, the stress of static structural analysis is 

higher than that of FSI analysis, which means that the 

assumed force for static structural analysis is quite 

large in contrast to the wave simulation force. This 

means that if design is only made by static structural 

analysis then the structure can be more safely 

constructed considering a higher safety factor. In 

order to avoid over design of the structure, FSI 

analysis shows a more improved design considering the 

manufacturing cost of materials used.

4. Conclusion

The study concludes that an improved safe design 

for the floater, arm and flange is achieved by the 

static structural and FSI analysis by comparing 4 

different types of cases. Case 4 presents the safest 

design in contrast to other cases and this design has 

been suggested for implementation. The stresses on 

the arm, and flange are quite low in contrast to the 

stresses on the arm. The arm sustains the maximum 

stress. The FSI analysis shows lower stress because 

the maximum force from the simulation was lower than 

the 300 kilograms(maximum assumed force) applied for 

static structural analysis. This means that wave 

simulations provide us with more logical results in 

contrast to assumptions. 
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