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Abstract: Wave energy generation systems can be divided into oscillating water chamber type, over topping device type and wave
activating body type. The wave activating body type converts wave energy to kinetic energy, and the power generation amount in-
creases as the motion of an activating body increases. In this paper, the wave energy convertor consists of a main body, which
has an H-shape, and the activating body. These are connected by a bar-type bridge. By the incident wave, when the activating
body moves with vertical motion this motion is consequently converted into rotational motion. The twisting moment and angular
velocity at a shaft of convertor are calculated according to various conditions of the incident wave and the shape of the activat-
ing body. This can be used as a basic idea for determining the design of wave activating body type convertor.
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1. Introduction

Due to the recent problems of the depletion of fossil fuel
and environmental pollution, the need for alternative energy
sources has been emphasized, with natural energy sources
such as wind power, solar power, tidal power, wave power,
and hydraulic power being studied and developed as
alternatives. Among them, ocean energy such as tidal and
wave energy is more regular, predictable, and stable than
wind and solar energy. In addition, the energy density of wa-
ter is 800 times higher than of air. Therefore, it is important
to develop the devices extracting valuable energy from ocean
sources [1]. Wave power generators can be classified into
three types accord- ing to the mechanism of the energy con-
version system: Oscillating Water Chamber (OWC) type, in
which electric power is generated by the air flow in water
chambers caused by the movement of sea levels, Over
Topping Device (OTD) type in which inclined planes are set
in the moving direction of waves and the seawater topping
over structures is stored in order to generate electric power
using the kinetic energy of falling seawater between average
sea level and heads, and the Wave Activating Body (WAB)

type in which electric power is produced by the kinetic en-

ergy generated by the vertical and rotational movement of the
activating structure induced by waves. Among these converter
types, the WAB type has the advantage of having good effi-
ciency because the kinetic and potential energy of waves are
directly converted into mechanical energy [2]. Many of the
WAB type are suggested and researched according to the ac-
tivating system: pendulum wave energy converter in which
electric power is produced by converting movement of hinged
pendulum structure; bottom-hinged flap wave energy con-
verter in which the system uses the performance of bot-
tom-hinged flap [3]. As relative movement between the acti-
vating body and the main body is important, the sizing of el-
ements should be determined so that the efficiency of power
generation may be improved [4]. The goal of the study was
to analyze the kinetic properties of the activating body of
floating WAB type wave power generators, and for this anal-
ysis, movement simulation of wave power generators was per-
formed using a commercial program, AQWA, for each case.
The translation motion and rotation motion of the main body
were controlled by using mooring systems, and in the case of
the activating body, relative motions of sway, roll, and yaw

of the main body were controlled using the connection be-
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tween the main body and hinges. The incident wave coming
from the front of structures was deemed as an external force,
and the quantity of generated power was compared depending

on the shape change of the moving body.

2. Floating WAB type wave-power generator

2.1 Basic shape

The WAB type wave-power generator was modeled for this
paper as shown in Figure 1. The wave-power generator con-
sists of two main bodies, two connection bridges, and an acti-
vating body. The relative motions of heave and pitch between
the activating body and main body generated by incident
waves are changed to rotation energy through Joint 2, and the
energy is transmitted to Joint 1 of main body, and electric
power is produced by this rotation energy. The basic shape
and specification of the simulated WAB type wave-power gen-
erator are shown in Figure 1 and Table 1, respectively. Here,
L, B, D, and d mean the length, width, depth, and draft of the

structure, respectively.

Figure 1: Wave activating body energy convertor

Table 1: Principal dimensions of wave energy convertor

Figure 2: Activating body

Table 2: Cases for shape change simulation

Case Length(A) [M] Draft(B) [M]
1 10 5
2 10 10
3 10 15
4 15 5
5 15 10
6 15 15
7 20 5
8 20 10
9 20 15

Main body Activating body
L (m) 30.35 10.00
B (m) 40.00 22.50
D (m) 5.00 8.00
d (m) 4.00 5.00

2.2 Floating body

The shape change of the activating body was simulated for
nine cases, depending on A indicating the length of an acti-
vating body and B indicating its depth, as shown in Figure 2
and Table 2, and the width of the main body and activating
body of the wave-power generator were maintained at con-
stant levels. The activating body was designed to have a low
center of gravity at 40% range of depth of the structure by
installing a mass in order to avoid excessive pitch and guar-

antee dynamic stability.

2.3 Mooring system

The mooring systems of floating wave-power generators
are available in various types: catenary mooring, multi-cate-
nary mooring, turret mooring, SALM (Single Anchor Leg
Mooring), and fixed tower mooring [S]. Tendon mooring
type was used in this paper, as shown in Figure 3, and the
lower part of the main body was vertically connected with
the sea bottom so that the pretension force is applied acting

at the mooring line.

Figure 3: Mooring system of wave energy convertor

The stiffness of the mooring line was assumed to have a
linear spring constant, and the acting force was calculated. The
restoring coefficient can be obtained from the mass and natu-

ral period of the system using Equation (1).

i 1)

Where, £ is the restoring coefficient of the floating structure
system including the mooring line, m, is the mass that includes

the mass and added mass of the system, and 7 is the natural
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period of the whole structure including the mooring system.
k; is divided into k; which is the restoring coefficient that
does not include the mooring stiffness and 4, which is the

stiffness of the spring of the mooring line.
k,=k, +k, 2)

The restoring coefficient of the structure, &, is obtained from
the water plane area of the floating body of the structure, 4.,
density p, and acceleration of gravity, g, using Equation (3).

k= A,pg 3)

The constant stiffness of spring, k,, may be obtained using
Equations (2) and (3), and the pretension force from the dis-
placement load and body mass to the mooring line and the ex-
panded length of each mooring line, X, can be obtained. Here,

V is displacement load.

k,X=Vpg—mg ©)]

3. Motion analysis of a wave-power generator

in waves

3.1 Condition of incident wave

The incident waves were applied as regular and irregular
waves, and regular waves were designed as shown in Table
3. The period of incident waves was selected by referring
to the average period for 2 years in target sea (Chilbaldo
Island) [6].

Table 3: Regular wave conditions

Soon-Sup Lee -

Case | Amplitude [M]| Period [Sec.] | Direction [°]
1 1 5 180
2 1 10 180
3 1 15 180

Irregular waves were designed with JONSWAP spectrum to
both types of waves as shown in Table 4. As the obtained
wind velocity on the sea was taken 3.6m above sea level, the
velocity was corrected to 10m-height velocity using Equation
(5) and was applied to JONSWAP spectrum.

Table 4: Irregular wave conditions

o Peak wave frequency
Case | Significant [M] %
[Rad/sec.]
1 2m 0.888rad/s 33
2 0.84m 0.870rad/s 1.26
h a
U, = Uhl(hil) ®)
Journal
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Where, U, Uy b, h,a are the velocity at corrected height, aver-
age velocity at measurement height, measurement height, cor-
rected height and velocity distribution index, respectively.
Measurement height was 3.6m and corrected height was 10m.
Velocity distribution index was deemed to be 0.1 because 0.1
is used in the case of sea and desert [7]. However, wind was
used for configuration of the JONSWAP spectrum, and the in-
fluence of external wind was neglected in order to identity the

motion property of floating bodies by wave force.

3.2 Calculation power amount
In order to compare and analyze the simulation result, the
motion of the wave-power system generated by incident waves

is expressed as power amount using Equation (6) [3].
1 .
Power = ?/bﬂd(kVV) (6)

The amount is obtained by multiplying the moment, b, gen-
erated in Joint 1 when WAB type motion is converted into rota-
tion energy through a connection bridge by angular speed, 6. In

Equation (6), ¢ is time and 7 is the whole time of simulation.

4. Result of motion analysis of a wave-power

generator in waves

As the heave motion of the activating body is an important
RAOs
Amplitude Operator) in heave direction depending on shape

factor in floating power generation, (Response
are shown in Figure 4. The resonance area moved to low fre-
quency when the depth of floating body, B, increased. In con-
trast, the change in the length of floating body, A, did not in-
fluence the resonance area, but when A was increased, re-
sponse motion was reduced. The reason is that when floating
body is put on the wave top, it ascends, and when it is put on
the wave hollow, it descends; when the length of floating
body was increased, the acting forces at wave top and wave
hollow neutralized each other.

The power amount of simulated regular waves is shown in
Figure 5. The x-axis is the change in A and the y-axis is the
power amount. Diamond symbols mean the cases in which B
is 5m, circle symbols mean the cases in which B is 10m, and
inverted triangle symbols mean the cases in which B is 15m.

Change in B did not show any apparent trend, but when A
was increased, the power amount was increased. When this re-
sult complied with the RAOs in heave direction of floating
body in Figure 4, it was contrary to the case in which, when
A was increased, the response in heave direction was reduced.
Therefore, the moment generated in the generation axis was

shown in Figure 6 in order to analyze the cause.
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Figure 4: Heave RAOs with A values
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Figure 6: Moment in wave conditions

Based on this phenomenon, it can be explained that the
power amount is increased when A is increased, although the
heave response is reduced.

The power amount of simulated irregular waves is shown in
Figure 7. Although the power quantity produced is different
due to the difference in significant wave height of incident
waves, the trends of the two graphs are similar. In both
graphs, when B was relatively small, the power amount was
increased as A increased, and in contrast, when B was large,

the power amount was reduced when A was increased.
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Figure 5: Power in wave conditions

The moment can be calculated from the directional force
and the length of moment arm, and as moment arm is con-
stant in every case, the moment force generated on the gen-
eration axis can be determined by the directional force to
move the moment arm. Also, as the directional force consists
of the mass and acceleration of the floating body and the
mass is significantly larger than the acceleration, the moment
force can be deemed to be controlled by the mass of the

floating body.
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Figure 7: Power in irregular wave conditions

The produced moment on generation axis, joint 1 in Figure
1, is shown in Figure 8 in order to analyze the trends of pow-
er generation. As the moment is deemed to be controlled by
the mass of the activating body, as explained in the result of

simulated regular waves, the moment increases when A and B

increase.
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Figure 8: Moment in irregular wave conditions

The angular speed generated on the generation axis is
shown in Figure 9. When reviewing the angular speed, the
moment force shows different result; an increase in B did not
show any apparent trend, but when A was increased, angular
speed was reduced. As explained above, this is the result in
which when A was increased, the forces acting on the floating

body neutralized each other.
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Figure 9: Angular velocity in irregular wave conditions

When moment graphs and angular speed graphs are in-
tegrated, the reason why the power amount is reduced when A
is increased is that the motion of the floating body is reduced.
However, in cases where B is 5m, the power amount was in-
creased when A was increased, and the reason was that the
moment increment when A was increased was relatively large.
As mentioned above, as the moment is largely influenced by
the mass, in order to identify whether an increased power
amount is the result of changed shape or changed mass, power
amount was divided by displacement load, and the results are
shown in Figure 10. In the result, the x-axis shows the change
in A and the y-axis shows the power amount for unit displace-

ment load.
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Figure 10: Power per Displacement in irregular wave con-
ditions

The power amount for unit displacement load can be
deemed to be reduced when B is increased, although this re-
sult is not consistent in all cases. Also, when A was increased,
the power amount for unit displacement load was reduced. In
addition, of 9 cases, the pair cases which had the same dis-
placement load but different shapes are expressed as solid line
circles and dotted line circles. Reviewing the result, power

amount was reduced with increased A.

5. Conclusion

The object of this study is to determine the activating body
shapes of a floating wave energy convertor that are more useful
and efficient by comparing the power amount of various shapes
of the activating body. Therefore, energy efficiency, which is
converted from wave energy to electronic energy, is not consid-
ered but the power amount is merely considered to contrast all
cases. In this study, 6-degrees of freedom simulation was per-
formed after modeling floating WAB wave-power generators us-
ing a commercial software package, AQWA. In order to identi-
fy the motion property depending on shape change, power
amount was calculated and analyzed based on the obtained mo-
ment force and angular speed, and it was found that the power
amount of a WAB wave-power converter is controlled by the
mass of activating body, and that, if the body has a constant

displacement load, a short and deep shape is advantageous.
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