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Experimental Study on Performance of
Wave Energy Converter System with Counterweight

Sung-Hoon Han, Hyo-Jae Jo, Seung-Jae Lee, Jae-Hyuck Hwang and Ji-Won Park”

"Division of Naval Architecture and Ocean Systems Engineering, Korea Maritime and Ocean University, Busan, Korea
Department of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean University, Busan, Korea

KEY WORDS: Wave energy converter system, Power take-off system, Counterweight

ABSTRACT: In order to convert wave energy into large quantities of high-efficiency power, it is necessary to study the optimal converter system
appropriate for the environment of a specific open ocean area. A wave energy converter system with a counterweight converts the translation
energy induced from the heave motion of a buoy into rotary energy. This experimental study evaluated the primary energy conversion efficiency of
the system, which was installed on an ocean generating basin with a power take-off system. Moreover, this study analyzed the energy conversion
performance according to the weight condition of the buoy, counter-weight, and flywheel by changing the load torque and wave period. Therefore,
these results could be useful as basic data such as for the optimal design of a wave energy converter with a counterweight and improved energy

conwersion efficiency.

1. Introduction

The wave energy resources distributed around the globe are
estimated to be about 1 -10 TW. The wave energy in Korea is
estimated to be 6,500 MW, and if offshore zones are included,
it is 50 GW, which represents an enormous amount of wave
energy resources. In particular, the eastern and southern coasts
of Korea have relatively high wave energy densities, and thus
are regarded as suitable areas for wave energy conversion
(WECQ) (Cho et al., 2011; Korea Maritime Institute, 2010).

The United Kingdom is taking the lead in the field of
WEC, followed by the United States, Canada, and Norway
(Ocean Energy Systems, 2007). In the case of Korea, the
technical skill levels are insufficient. However, the technical
skills of other countries, excluding the United Kingdom and
United States, are not significantly different, and it is
expected that if Korea spurs technology development, it will
be possible to join the countries with advanced WEC
technology (Korea Maritime Institute, 2010).

The energy conversion efficiency of a WEC system is still lower
than that of wind power generation. Thus, commercialization
is difficult at this time. In particular, a movable body type WEC
has many advantages compared to other power generation
methods. However, its commercialization is still difficult because

the economic efficiency is low as a result of the high power
generation cost due to durability problems and high initial
(Korea Maritime Institute, 2010).
Therefore, the technical ability to absorb energy even at wave

cost/maintenance cost

heights with low economic efficiency needs to be developed,
along with a high-efficiency energy conversion system.

An existing representative foreign system is “Wave Star”
made by the Wave Star Energy Company of Denmark. This
is a movable body type, and is at the verification stage in an
actual sea area. Its actuator is an arm type and has a
hydraulic cylinder (Wave Star Energy, 2004, Wave Star
Energy, 2006). Most domestic studies on the counterweight
type have used theoretical analyses and model tests to
estimate the generation power and efficiency (Han et al, 2015;
Lee et al, 2015; Sim et al, 2015; Jung, 2010).

This study attempts to evaluate the effect of the weight of
the buoy, counterweight, and flywheel on the generation
characteristics and conversion efficiency, and to determine the
optimum WEC conditions according to the wave period. In
particular, the optimal torque and RPM results could be used
as basic information for controlling the appropriate generator
condition. In addition, this study confirmed the suitability of
using WEC in domestic seas by referring to the wave energy
distribution at Jeju Island.

Received 6 October 2015, revised 24 December 2015, accepted 24 December 2015
Corresponding author Hyo-Jae Jo: +82-51-410-4302, hjjo@kmou.ac.kr

© 2016, The Korean Society of Ocean Engineers
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2. Configuration and Principle

2.1 Configuration

The WEC system with a counterweight proposed in this
study consists of a buoy, counterweight, pair of cylindrical
pulleys with a one-way clutch, multiplying gear, and
flywheel, as shown in Fig. 1. The buoy has vertical
translational motion on the wave surface, and especially plays
a role in generating torque at the cylindrical pulley by its
weight when the buoy descends along the wave. The
counterweight, which is connected to the buoy by a wire,
generates torque when the buoy rises along the wave. By
increasing or decreasing the counterweight, the response rate
of the buoy can be controlled in relation to the incident wave
period. In other words, by controlling the optimal condition
between the buoy and counterweight in relation to each wave
period, its efficiency can be improved. The pair of cylindrical
pulleys has built-in one-way clutches with opposite working
directions. Thus, this system is designed to convert the
vertical translational motion into rotational energy in a
constant direction, as well as to convey the torque generated
by the buoy and counterweight. The multiplying gears
amplify the RPM of the axis connected to the flywheel. The
flywheel has a function to temporarily save the rotational
energy. Therefore, it can help to steady the fluctuating RPM
and maintain a high RPM in the range of a low torque.

2.2 Principle

The system can increase the primary energy conversion
efficiency by transmitting the torques generated in opposite
directions by the buoy and counterweight in a constant
direction. However, when it comes to maintenance, using the

No. Components Overview
1 Buoy
2 Counterweight

A pair of cylindrical
pulleys

4 Multiplying gear

5 Flywheel

Fig. 1 Overview of WEC using counterweight and pulleys

Driven
Inner Outer

member —_— member

Outer
member

Roller Spring
Idle
Inner Outer
Inner member member

member

Roller

Spring

Fig. 2 Components of cylindrical pulley with clutch

one-way clutch may increase the repair cost because a
one-way clutch is considered to be a delicate piece of
equipment.

Figure 2 illustrates a simplified one-way clutch. As the
inner member delivers torque to the outer member, the
rollers are wedged into the tapered recesses. This is what
provides a positive drive. If the outer member rotates in a
positive direction or the inner member rotates in the opposite
direction, the rollers become free and no torque is
transmitted.

As shown in Fig. 3, when the buoy meets a wave crest and
rises, the wire connected to the buoy cannot convey a
compressive force to the pulleys because the wire is not a
rigid body. At the same time, the wire connected to the
counterweight generates a torque by the tensile force as a
result of the counterweight. It is noteworthy that the torque
is only transmitted to the driven outer member on which the
rollers are wedged into the tapered recesses, and the outer
member on which the rollers freely idle.

In contrast, when the buoy falls as shown in Fig. 4, the
inner member rotates in the opposite direction to the case
shown in Fig. 3, and the driven outer member is also the
opposite gear. As the idling outer member meshes with the
driven outer member to which the torque has been
transmitted, it plays a role in transmitting the torque to the
final rotation axis. The final driven direction is identical to
that of the case when the buoy rises. Thus, a constant
rotation direction is maintained for the final axis regardless of
the direction of the input torque.

The biggest advantage of this system is that it can maintain
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Inside of clutch

Driven ﬁ Idle
Tt )

Buoy is rising
o~

L

Fig. 3 Principle of clutch according to up movement of buoy

Inside of clutch

1dle QN oriven\
i

Buoy is falling
[ ey

Fig. 4 Principle of clutch according to down movement of buoy

a constant rotation direction for the final axis, while

simultaneously absorbing the torque in the opposite direction.
3. Experimental Method and Model

3.1 Experimental condition

An experiment was performed at the two-dimensional
ocean engineering basin (25 m (L) x 1 m (B) x 0.7 m (D)) of
the Ocean Systems Engineering Laboratory in the Korea
Maritime and Ocean University.

The conditions of the incident regular waves were selected
as summarized in Table 1 considering the annual wave
observation data for the Coast of Jeju Island (Korea Ocean
Observing and Forecasting System, 2011; Hong et al, 2004)
and the generally occurring wave height and period of the

sea area.

Table 1 Conditions for model test (4=20)

Prototype Model test
Period [s] 402 ~ 894 09 ~ 20
Height [m] 1.0 ~ 20 0.10
Diameter of buoy [m] 10 05
3.2 Model

To examine the effects of the weights of the buoy,
counterweight, and flywheel on the efficiency of the primary

Table 2 Characteristics of WEC condition for model test

Case Buoy Counterweight Flywhezel
[kgf] [kegf] [kg - m’]
1 9.3 2 0.0038
2 9.3 6 0.0038
3 9.3 6 0.0060
4 9.3 6 0
5 18.6 12 0

energy conversion, experimental conditions were established
as summarized in Table 2. The diameter of the flywheels
used in the experiment was 20 cm, and they had thicknesses
of 3 cm and 5 cm. Their moment of inertia values were
00038 kg-m’ and 00060 kg-m’. The
dimensionsof the buoy and counterweight were not changed,

sizes and

and the gear ratio was equal to 1:3.64 for all conditions.

For the converter system examined in this study, the buoy
had a diameter of 0.5 m, and it was a geometrically similar
model, with a scale ratio of 1:20. This was because “Wave
Star” of the Wave Star Energy Company of Denmark is
similar to the WEC system proposed in this study in that a
buoy with a hemispherical shape was used. Therefore,
considering that the diameter of the buoy of the prototype
Wave Star is about 10 m, the scale ratio selected for the

experimental model in this study was 1:20.

3.3 Experimental equipment and method

In the energy transmission processes of the WEC system
with a counterweight, the incident wave energy is primarily
converted into the torque of the cylindrical pulley by the
buoy and counterweight, and the kinetic energy, which has
been converted into the torque, is secondarily converted into
electric energy through a power generation turbine.

In this study, among the energy conversion processes, only

the efficiency of the primary energy conversion was evaluated.

Fig. 5 1:20 scale WEC model on basin
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Fig. 6 Power take-off (PTO) system set up to measure power of

rotary axis in test

To accomplish this, a power take-off (PTO) system was
installed as shown in Fig. 6. Because a secondary conversion
process was excluded in this experiment, the PTO system
was established so that resistance could be applied to the
rotating axis instead of the real electrical load of a generator.
This resistance was applied in the opposite direction of the
rotating axis, which produced the torsion of the axis. A
non-contact torque sensor, which could measure the torque
generated by the deformation due to torsion, was installed on
the axis.

3.4 Data measurement and processing methods
The following method was used for calculating the power
with the torque and RPM:

23 . RPJL% )

where P is the power, T, is the torque, @ is the circular
frequency of the axis, RPS is the revolutions per second, and
RPM is the revolutions per minute.

With a certain amount of wave energy applied to the WEC
system, the measured torque, RPM, and calculated power
depended on the strength of the load torque. Thus, repeated
experiments were performed by controlling the voltage of the
PTO system, which could increase or decrease the load
torque.

In this study, the efficiency of the primary energy
conversion was evaluated based on the capture width ratio
(CWR). The CWR can be expressed as the ratio of the
incident wave energy absorbed by the buoy to the energy of
the rotating axis. The equations for the CWR and incident

wave energy are as follows:

P

OWR= 5 @
rg

P, =4 H'T ®)

where P is calculated by Eq. (1) using the measured torque and
RPM and is the power of the rotating axis, P, is calculated from
the measured elevation and wave period and is the power of
the incident waves, D is the width of the buoy, p is the fluid
density, ¢ is the gravitational acceleration, H is the wave height,
and T is the wave period.

4. Results and Discussion

4.1 Effects of counterweight

Figures 7 and 8 show the results of the RPM measured by
changing the incident wave period and load torque acting on
the rotating axis, in relation to the change in the weight of
the counterweight. As the load torque increased, the RPM
gradually decreased because the resistance of the rotating axis
increased.

In the results shown in Fig. 8, the counterweight was 6 kgf,
unlike that shown in Fig. 7. The maximum RPM and torque
decreased under periods of 0.9 and 1.0 s, but increased under
17 and 20 s. This was because if the counterweight was
relatively light, the buoy could promptly respond along the
free surface of the waves, and thus a high RPM could be
short period with a 2 kgf
counterweight. In contrast, in the results shown in Fig. 8,

maintained even at a

when the wave period is greater than 1.5 s, the 6 kgf

200

Wave Period
-+ 09
O
112
160 = Q15
@ AT
Y2
ke
120
s %
o
o
80 ¥ ) ]
40
<
40 7
A 3
%
0 o
0 0.1 0.2 0.3 0.4
Torque [Nm]

Fig. 7 RPM of case 1 according to load torque by changing
incident wave period
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Fig. 8 RPM of case 2 according to load torque by changing
incident wave period
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Fig. 9 Absorbed power of case 1 according to load torque by
changing incident wave period

counterweight is advantageous compared to Fig. 7.

In terms of the torque, there existed an optimal torque for
each wave period that output the maximum power. When
the counterweight was 2 kgf in Fig. 9, the optimal torque
points were not significantly different depending on the
period; but when the counterweight was heavy as in Fig. 10,
they significantly increased for long periods, and the

maximum power was observed in a broad torque region.

4.2 Effects of flywheel
Figures 11, 12, and 13 show the trends of the RPM in

Wave Period
-+ 09
O
25 [112
Q15
AT
w2
2
2
g 15 1
&
A\
w
1 )
= O
O
2 ted
05 % A
+ O
T4
o S Ak
0 0.1 0.2 0.3 04
Torque [Nm]

Fig. 10 Absorbed power of case 2 according to load torque by
changing incident wave period

relation to the wave period and torque, for each weight of
the flywheel; and Figs. 14, 15, and 16 show the trends of the
power.

The RPM values of Figs. 12 and 13 show similar patterns,
and their peak points are approximately concentrated in a
range of 0.05 Nm of torque. However, the peak points of Fig.
11 are distributed in a range of about 0.1 Nm of torque. It
was thought that the flywheel could help to steady a
fluctuating RPM and maintain a high RPM in the range of
low torque because a flywheel has the function of
temporarily saving rotational energy.

Without the flywheel, as shown in Fig. 14, each optimal
torque in the overall wave period was about 0.1 Nm. In the
case of the 0.0038 kg - m” flywheel (Fig. 15), the maximum
power and optimal torque at 0.9~1.2 s decreased, whereas at
2.0 s, in addition to the maximum power and optimal torque,
the maximum torque also significantly increased.

However, when the flywheel was 0.0060 kg - m’ (Fig. 16),
the power decreased in the overall period compared with the
0.0038 kg - m’ flywheel. Thus, it was thought that selecting
the most appropriate weight for the flywheel according to the
weights of the buoy and counterweight was advantageous in

terms of the efficiency.

4.3 Effects of buoy weight and counterweight

Figures 17 and 18 show the trends of the RPM in relation
to the wave period and torque, for each weight of the buoy
and counterweight; Figs. 19 and 20 show the trends of the
power.

In Fig. 18, by increasing the weight of the buoy and
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Fig. 18 RPM of case 5 according to load torque by changing
incident wave period

counterweight by a factor of two, the maximum torque
increases under the overall conditions of the wave periods.
The maximum RPM increases at 1.2 s, but decreases in the
maximum RPM are observed at 0.9 and 1.0 s.

While increasing the weight of the buoy and counterweight
leads to a decrease in the maximum power at 0.9 s, as shown
in Fig. 19 and Fig. 20, it contributes to increases in the
maximum power and optimal torque at 1.5~2.0 s, as well as
the maximum power at 1.2 s. In other words, this indicates
that optimal weights for the buoy and counterweight exist for
each incident wave period.
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Fig. 19 Absorbed power of case 4 according to load torque by
changing incident wave period
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Fig. 20 Absorbed power of case 5 according to load torque by
changing incident wave period

4.4 CWR

In this study, the performance of the primary energy
conversion was evaluated based on the CWR, as shown in Egs.
(2) and (3). The trends for the power of the prototype in an
actual sea area were inferred, as shown in Fig. 22, by applying
the law of similarity to the results of the experiment. The
CWR, which represents the ratio of the incident wave energy
for the width of the buoy to the energy absorbed by the
rotating axis, is presented as a percentage in Figs. 23 and 24.

In Fig. 21, when the torque is about 21 kNm at the
sectionwith a wave period of 5.36 s, the maximum power is



8 Sung-Hoon Han et al.

1000
Wave Period
-+ 4.02
& 447
[]5.36
800 []'ﬂ QOs70
A\ 760
o t 8.94
600
z :@ >0
= AA%A %
400 Oy
A
RN
7 o7 A
. I+ E]Oﬁ’
+ 5%
i Q
0 9 O
0 10 20 30 40 50 60
Torque [kNm]

Fig. 21 Up-scaled RPM of case 5 according to load torque by
changing incident wave period
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Fig. 22 Up-scaled power of case 5 according to load torque by
changing incident wave period

about 95 kW, and the corresponding CWR is shown to be at
a maximum when the torque is about 21 kNm in Fig. 24. This
wave condition is consistent with the wave period region that
mainly occurs in the sea area of Korea, which means that this
WEC with the above condition would be useful for converting
wave energy in Korea.

Figures 21 and 22 show the results for the optimal torque and
RPM to obtain the maximum power, which could be basic
information for controlling the appropriate generator condition.

Figures 23 and 24 show that heavier weights for the buoy
and counterweight produce benefits for the CWR in the
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Fig. 23 CWR of case 4 according to load torque by changing

incident wave period
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Fig. 24 CWR of case 5 according to load torque by changing

incident wave period

overall incident wave period, except in the case of 4.02 s.
Thus, it is expected that if the buoy could be designed to
have greater buoyancy and inertia force, the power and CWR
performances would be significantly improved. Furthermore,
if such converter systems were built in an array, like a
farm-type facility along the coast, they could convert an
enormous amount of wave energy.

5. Conclusion

In this study, to evaluate the energy conversion performance
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of a WEC system with a counterweight, an experiment was
performed by establishing a PTO system. The torque and power
were measured using the PTO system, and the primary energy
conversion efficiency was calculated.

of the

conversion efficiency were analyzed in relation to the weight

The performance and characteristics energy
of the buoy, counterweight, and flywheel by changing the
incident wave period and the load torque.

In terms of the torque, for each period, there existed an
optimal torque that output the maximum energy. Selecting an
appropriate weight for the flywheel according to the weights
of the buoy and counterweight was advantageous when it
came to the efficiency.

The results of this study could be used as basic data for
the optimal design and
improvement of a WEC system with a counterweight.

energy conversion efficiency
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ABSTRACT: This paper reports a simulation-based design method for the optimized arrangement design of buoyancy modules in a marine riser
system. A buoyancy module is used for the safe operation and structural stability of the riser. Engineers design buoyancy modules based on
experience and experimental data. However, they are difficult to design because of the difficulty of conducting real sea experiments and quantifying
the data. Therefore, a simulation-based design method is needed to tackle this problem. In this study, we developed a simulation-based design
algorithm using a multi-body dynamic simulation and genetic algorithm to perform optimization arrangement design of a buoyancy module. The
design results are discussed in this paper.
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Fig. 1 Conceptual diagram of deep-seabed integrated mining system (Oh et al., 2015)
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Table 1 Properties of flexible riser

Component Parameters Unit Value
Inner diameter [mm] 203.2
Outer diameter [mm] 250.0
Length [m] 10.0
Hose
Mass [ke] 305.0
Young’s module [Mpa] 400.0
Quantity [ea] 10
Flange Mass [kg] 37.5
Characteristic Bending radius [m] 18
Fig. 4 Commercial buoyancy module
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Fig. 5 Algorithm using parameter iteration method
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Fig. 6 Developed algorithm for simulation-based design

Table 2 Design formular for problem 1
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Parameter Definition Value
Object function Minimization of no. buoyancy modules
Constraint 1 R1 18 m ~ 20 m
Constraint 2 R2 18 m ~ 20 m
Constraint 3 No. buoyancy modules 1~15
Constraint 4 abs(R1-R2) 0~10

Design variable

Buoyancy at all positions

0 or 1 (on and off)

Table 3 Design formular for problem 2

Parameter Definition Value
Object function Minimization of strain energy
Constraint 1 R1 18 m ~ 20 m
Constraint 2 R2 18 m ~ 20 m
Constraint 3 No. buoyancy modules Result in problem 1

Design variable

Buoyancy at all positions

0 or 1 (on and off)




14 Jae-Won Oh et al.

Fig. 7 Definition of curved radius R1 and R2
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Table 4 Properties of genetic algorithm

Parameter Value
Seed 200
No. population 50
Initialization type Simple_random
Fitness type Merit_function
Mutation type Replace_uniform

Elitist
Multi_point_real

Replacement type
Crossover type

Table 5 Properties of mutation and crossover rates

Case Mutation rate Crossover rate
1 0.1 0.9
2 0.5 0.9
3 0.9 0.9
4 0.1 0.5
5 0.5 0.5
6 0.9 0.5
7 0.1 0.1
8 0.5 0.1
9 0.9 0.1

shtt & Aol A= Seedoll thek 232 £4317] 91sf 20742
I ge H8sto] A3 FPsATh

3.2 Problem 1 & Z3n} & &
Hol g} Wl go mE A FEA o] HAH x| A=
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Fslon, 11 F HAFE 72 Case 3(H0)& 09, wHlE
09)9} Case 5(°]& 05, 2ul& 059014 A 23 T 22%<]
gEE =SHAY =3 87 FEAe 24X A3} Case 2, 6,

Table 6 Results by mutation and crossover rates

Mutation ~ Crossover No. Object
Case . .
rate rate iteration value
1 0.1 0.9 390 9
2 0.5 09 648 8
3 09 09 817 7
4 0.1 05 313 10
5 0.5 05 541
6 09 05 730
7 0.1 0.1 204 13
8 0.5 0.1 391 10
9 0.9 0.1 540 8
14
12
g 10
T
ko] === Crossover rate = 0.1
o 6
ey ——Crossover rate = 0.5
O 4
—— Crossover rate = 0.9
2
0
0 0.2 0.4 0.6 0.8 1
Mutation rate

Fig. 8 Optimized result of no. buoyancy module at flexible riser
by mutation and crossover rates
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Fig. 9 Arrangement positions when optimized result is 7

: (a) mutation rate is 0.9, crossover rate is 0.9, (b) mutation

rate is 0.5, crossover rate is 0.5
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Table 8 Results for minimization of strain energy

Mutation Crossover Object Constraint Constraint Constrain
rate rate  value 1 2 t3

3 0.9 09 009 971 O 962 O 7 O
5 0.5 0.5 013 971 O 958 O 7 O

Case
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Table 9 Comparison of strain energy in case 3 & 5

Case Constraint 1 Constraint 2 Constraint 3 Constraint 4
3 102 O 953 O 7 O 062 O
5 107 O 110 O 7 O 02 O

Case Problem 1 Problem 2
3 0.62 0.09 Betterment
5 0.22 0.13 Betterment
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@ (b)

Fig. 11 Arrangement positions for minimization of strain energy

: (a) mutation rate is 0.9, crossover rate is 0.9, (b) mutation
rate is 0.5, crossover rate is 0.5
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(Crossover rate is 0.9)
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Performance Analysis of Stabilizer Fin Applied Coanda System
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ABSTRACT: Stabilizer fins are installed on each side of a ship to control its roll motion. The most common stabilizer fin is a rolling control
system that uses the lift force on the fin surface. If the angle of attack of a stabilizer fin is zero or the speed is zero, it cannot control the roll
motion. The Coanda effect is well known to generate lift force in marine field. The performance of stabilizer fin that applies the Coanda effect has
been verified by model tests and numerical simulations. It was found that a stabilizer fin that applied the Coanda effect at Cj = 0.085 and a zero
angle of attack exactly coincided with that of the original fin at o = 26°. In addition, the power needed to generate the Coanda effect was not

high compared to the motor power of the original stabilizer fin.
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7F t3EA Q] AAX]o]th(Kim et al., 2000; Chae and Kim, 2003).
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Z(Anti-rolling tank) 55 &-&371% FTHWon et al, 2010; Ju
et al. 2015). E3F A WA FAT, AFolsd ZA
(Moving weight device), B} ¢47]|(Rudder stabilizer) 5°]
THMoon et al., 2005).
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Fig. 1 Comparison of modified fin and original fin section

Table 1 Principal particulars of modified stabilizer fin

Scale ratio 1/7.5

Maximum chord (Chux.) 347 mm
Minimum chord (Caux.) 213 mm
Span 150 mm
Hit 1.5 mm
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Fig. 2 Stabilizer fin for model experiment

Fig. 3 Photograph of the

jet blowing system
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Fig. 10 Comparison of lift and drag coefficients at the various jet
momentum coefficient (R, = 55 x 10°, a = (°)
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Prediction of Hydrodynamic Coefficients
for Underwater Vehicle Using Rotating Arm Test
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KEY WORDS: Rotating arm test 734143218, Hydrodynamic coefficient -##¥ w45, Underwater vehicle %%, Depth ratio
A EH], Dynamic stability 5%+ 73

ABSTRACT: In this study, hydrodynamic coefficients were obtained from a Rotating Arm (RA) test, which is one of the captive model tests used
to provide accurate coefficients in the control motion equation of an underwater vehicle. The RA test was carried out at the RA facility of ADD
(Agency for Defense Development), and the forces and moments acting on the underwater vehicle were measured using a six-axis waterproof gage.
A multiple regression analysis was used in the analysis of the measured data. The experimental results were also verified by comparison with the
theoretical values of the previous linear coefficients. In addition, the stability indices in the horizontal plane were calculated using the linear and

nonlinear coefficients, and the dynamic stability of the underwater vehicle was estimated to have a good dynamic performance with a depth ratio of
6.0.
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Fig. 2 Flowchart of rotating-arm test

Table 1 Test parameters

R [m] U [m/s] r [deg./sec.] r" [L/R]
14 2.0 0.143 0.143
1 20 0.182 0.182
8 2.0 0.25 0.25




Prediction of Hydrodynamic Coefficients for Underwater Vehicle Using Rotating Arm Test 27

sto] ZF AEEE Agste g9 BHES AT §, 1 2%
£ A3 AEH (Lmear regression analysis) 3o 24| Al HY
< 33 mRIE sk 2ls 53T
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=9 AaygE (Vv )25 st FE (F )2 =g o o
F=[K)'V = K] F Q)

B d-& Table 20 e Hke}
gon, & AFA A= H‘%LQE I3 ZRIEE AFsa
OE4‘3_(Sway) AFE8(Yaw)oll tigh 34/ = HH
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ol i st5
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2 eyt
Table 2 Transformation matrix [4;] [unit: kg-f]
-80.5429 -0.99805 -1.09044 0.08715 1.82728  2.09907
-0.00025 -496644 097931 041081 054772 -0.72823
-0.12738  -8.36321 -98.8925 11.5558 228555  -1.24926
012499 0.27849 045666 -29.8441 -154737 -1.09991
-0.64540 -0.70239 4.80858 0.20839 87.8293 -0.37199
030854 145250 16.6926 -1.36810 0.11616 -29.1825
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Table 3 Dimension of submarine model

Item Specification
Loy 20 m
B 017 m
D 02 m
z, (from midship) 0.07 m
v 0.052 m’

(b) Submarine model under water

Fig. 4 Submarine model installation
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Fig. 6 Definition of depth parameter (H/D)

Item

Specification

Model
(Submarine type)

Test speed
Reynolds number

Test type Depth effect test
Radius of arm 14 m
Test depth ratio (H/D) 1.0, 1.5, 20, 35, 6.0
Drift angle () 5% ~ +15° (5° Interval ,

Lo,=2m, B= 017 m, D= 02 m

z,= -0.17 m (from midship)
mass= 389 kg (with water)
2.0 m/s
35118 x 10°
Coefficient prediction test
8m 11 m 14 m
1.0, 6.0
~ 420" (5” Interval , 10 case)

5 case) -15°
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Table 5 Results of hydrodynamic coefficients
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Axial force
Depth (HD) X, X, x,’ x,’
6.0 -0.00157 0.00425 0.00365 0.02756
15 -0.00191 0.00017 0.00582 0.02379
Lateral force
Depth (H/D) v v’ Yol Yool
6.0 -0.03569 0.00442 -0.05720 -0.10740
15 -0.02292 0.00764 -0.08460 -0.15750
Yawing moment
Depth (H/D) N, N N, Nl
6.0 -0.00947 -0.00301 -0.00751 -0.01843
15 -0.01088 -0.00385 -0.00476 0.03300
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ABSTRACT: A UUV needs to have a robust path following performance because of unpredicted current disturbances. Because the desired path of
a UUV is usually designed by considering the locations of obstacles or geographical features of the operation region, the UUV should stay on the
desired path to avoid damage or loss of the vehicle. However, conventional path following methods cannot deal with strong countercurrent
disturbances. Thus, the UUV may deviate from the desired path. In order to avoid such deviation, a backward path following method is suggested.
This paper proposes a path following method that combines pure pursuit Quidance and nonlinear Quidance for the UUV under an unpredicted
strong ocean current. For a stable path following system, this paper suggests that the UUV adjust its heading to the current direction using the
pure pursuit guidance method when the system is in an unstable region, or the UUV follows the desired path with nonlinear guidance. By
combining the pure pursuit guidance and nonlinear guidance, it was possible to overcome the drawbacks of each path following method in the
reverse path following case. The efficiency of the proposed method is shown through simulation results compared to those of the pure pursuit

method and nonlinear guidance method.
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Table 1 Main parameters of REMUS

Parameter Value Unit
L 1.386 m
D 0.191 m
(g, Yy 2,) (0, 0, 0.019) m
m 304791 kg
(Lo L, L) (0.177, 3.45, 3.45) kg-m’
u 154 m/s
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Table 2 Cross-track error and distance from destination

41

Cross-track error [m]

Distance from destination [m]

ve [ Pure pursuit Nonlinear Combined Pure pursuit Nonlinear Combined
140 224.58 0.00 0.01 1.14E+03 2.38E+03 1.38E+03
160 74.36 0.01 0.01 0.95E+03 0.99E+03 0.99E+03
180 0.00 0.01 0.00 0.90E+03 0.91E+03 0.91E+03
200 74.36 0.00 0.00 0.96E+03 0.99E+03 0.99E+03
220 224.55 0.00 0.00 1.14E+03 3.16E+03 1.37E+03
Table 3 Overshoot and Settling time
. Overshoot [m] Settling time [sec]
ve [ Pure pursuit Nonlinear Combined Pure pursuit Nonlinear Combined
140 - 307.80 2449 - 2.32E+03 0.80E+03
160 - 11.75 15.64 - 1.1403 1.1403
180 - - - - - -
200 - 5.02 7.57 - 0.75E+03 1.01E+03
220 - 296.83 16.39 - 1.81E+03 0.78E+03
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Table 4 Deviative time and total mission lead time

Deviative time [sec]

. [

Mission lead time [sec]

Pure pursuit Nonlinear Combined Pure pursuit Nonlinear Combined
140 1.82E+03 1.78E+03 0.41E+03 2.15E+03 3.10E+03 2.25E+03
160 1.68E+03 0.20E+03 0.36E+03 2.05E+03 2.06E+03 2.06E+03
180 0 0 0 2.02E+03 2.02E+03 2.02E+03
200 1.66E+03 0.12E+03 0.12E+03 2.05E+03 2.06E+03 2.06E+03
220 1.81E+03 1.75E+03 0.34E+03 2.14E+03 3.08E+03 2.23E+03
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474819 1], Bubble Image Velocimetry 7123314344, Multi-phase

ABSTRACT: An experimental study was performed to investigate the behavior of green water on a structure with a rectangular cross section
under wave conditions, along with the flow characteristics in bubbly water flow. An experiment was conducted in a two-dimensional wave flume
using an acrylic model (1/125) of FPSO BW Pioneer operating in the Gulf of Mexico under its design wave condition. The occurrence of green
water, including its development, in front of the model was captured using a high-speed Charge Coupled Device (CCD) camera with the
shadowgraph technique. Using consecutive images, the generation procedure for green water on the model was divided into five phases: flip
through, air entrapment, wave run-up, wave overturning, and water shipping. In addition, the distinct water elevations of the green water were
defined as the height of flip through, height of splashing jet, and height of freeboard exceedance, and showed a linear relationship with the
incoming wave height.

By

ojA Y Adutat sjrEEC] AFPGl o3 &) dUS

sjok Tk Azeb] fa e AT el Hig
2 QE= A7t EisiAl W= Utk Buchner and Voogt(2000)&
e 7t ARERE e FPSO9Y o] M Fied #Asks Ardds R EAE
o] Hrix @t  FAHAE T A 9] ARFEE FE3he e
AAZ BF Orchid(1980)8] =& gz FFdgdor A 3L, Greco et al.(2005)= 23+ ZvhpzolA ZIAIH
2l3le] MV. Dervyshire57} FE3 A S Faulkner2001)7} 3 A4S Tl A 2 F AdoM 9] F554 2
B35k FRTFEEN AE3he e FAH o8 FAHOE BAEt
E3], B-f2] L8R gat e Al FPSO(Floating production P18kt =Wl A= Lim et al.(2012)0] Al 7HA] A<= &%
storage and offloading)®] 7ol Ax® wrke] A4 o FPSO ti B de Fdstlon, 14 ¢ o4 A=
HSo] A5 o] ofsle] T, WY So Z TS Y 4 2 53 oud Felo Mg FAdo] A5l FEjIA vl
otk ZEla, Aeddel os) Muty) sjPeEe] Aensr st B, AA S (Computational  fluid - dynamics,
98 % QlEd], Ersdal and Kvitrud(2000)E :2¢o]  CFD)o| T2 FX34 2dS o83 A7t FHHAT
FPSOSQ] Varg®] A457} 48302 Q8] sd 2S B Fekken et al.(1999)2 Navier-Stokes #44joll 7|9kt VOF

-
=
]

b
£
I
o
s
o -
&
b
oft
2
o Lo 4
o F
o
e
o
o
o
o

Received 4 September 2015, revised 8 January 2016, accepted 29 January 2016
Corresponding author Kwang Hyo Jung: +82-51-510-2343, kjung@pusan.ac.kr

(© 2016, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on proceedings of KAOST 2015 in Jeju

44



Experimental Study on Behavior of Green Water for Rectangular Structure 45

, HalogenLamp
FOV .
Piston Type z |
WaveMaker 4
I T I 0.048m Wave Absorber
Xz "
\/ | l].lﬁmI[]_uzm
Wave Maker h=0.61m - — _0 ?:3 ......
ControlBox ' 38m
T i > < )
: 20m 12m ¢

Y

PC for Wave
Maker Control

Fig. 1 Schematic view of experiment setup in 2-D wave tank

(Volume of fluid)¥H-& A&t H-dde Fdfs 2 ot
T AYste] @A e maskll, Shibata and Koshizuka
(2007)} Nielsen and Mayer(2004)+= YAPH<S &85 33 &4
TN 7IE S AABIAL, ol &l A T A
5 ARTEEd A8dte S dSSIATh Lee et al
(2015)2 AH2HE FE=I A vl ofs) AT Hedde] T
AR 7|2 £25 APE A9t H]LO}%‘?

A2 ALY 9T e ATES Ay W A 2
Aol 9 AL B SHT FRTFEE A8 35
A4S 98 BYA, S l’ﬂ Aspge] v

7IHS0l 284
AL vk Y, gl o dEE o & AT
¥ ohdzt sl A= Hf‘a FA B B AA Z1eo] A7 A
HEold Fart 7)o, A AL E & A
7F B8sitt 53], 7|2AT @AM e 7= Aed
o] 723 3 Mol 2% s}, ¥ o]
R ol =dA %
3= A7Ee AT AsEE
7=

B Aol 23k 2vbrzo] 1A AE T
£ 1001 W1=5-71(100 year return period) 37| 72}
HollM LA 7Fedt w20l ) s E=

SE

]

oo

i}

N ”

s rox

[o ol
ofr
PN * ir
- |o

ok rlroox

L\l)i
ol
T2 N

b
oglt
o

ke gl A S T-AF/7 1 (Shadow graphy
image technique)& 283t 3§ 58l =% 37E 5342
353t 7132973814 7] (Bubble image velocimetry, BIV)<&
st Aeadde] A LS R s B

=4e Avsigr

2. o

l]i"
r}'_
0

71

E AFE Diston type Z37)9F AALY A9FRE ZHE 24}
) @Jrfr}_(zdﬂ Pm, 06m, Zo] Im)ollA FP= U om,
Fig. 1). GAIZTHNAN &4 F

32m
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PC for Image Acquisition

¢l BW Pioneer FPSOE ALY @HORE dedtd F25 =
Fo g AFstal(Table 1), AAE 2319 1009 HWE=F7]

Table 1 Principal dimensions of the 1/125 model and FPSO

Depth [m] Draft [m] Freeboard [m]
BW Pioneer 204 13.9 6.5
Model 0.16 0.112 0.048

Table 2 Wave conditions for the experiments

Wave height [m] Wave period [s] Type
Wave
condition 125 13 Irregular
0.10
Experimental
conditions (Increased by 1.16 Regular

0.01, 0.06~0.12)

Fig. 2 '‘BW Pioneer’ FPSO (Inocean, 2009)
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Fig. 3 Experimental set-up in 2-D wave tank
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(a-1) (b-1) | (1) (1)

(a-2) | (b-2) | (c-2) (d-2)

(a-5) ) ' | @5

Fig. 5 Snap shots of each phase for green water on rectangular structure (I' = 1.16 s, 4 =20 m, (a) H = 0.06 m, (b) H = 0.08 m, (¢
H=010m, (d) H =012 m)

(Wave face)7t TE2EC 24L& F7] AAY 0 F, o]l BA F sFo] WASHA =o] P AR £olEZE Wave
th through® 2] 3Fch(Bredmose et al, 2010). + HA I  run-up DAE Al HA IR EFg 5 (a-3), (b-3), (c-3), (d-3))°l
S(Fig. 5 (a-2), (b-2), (c-2), (d-2))2 Flip through TA9] 3 A HAFETKRyu et al, 2007). vl HA 1HS(Fig. 5 (a-4), (b-4),

= ;q AARTE P25 BUs|HA dx HARe} F2E ¥ A (c4), (d4))2 Wave run-up B o]F st o] oz =
olo] F717} 7HFIA= Air entrapment ©HAIE YERATHHul 213 #3KPlunging wave breaking) ¥ A o= T35
and Muller, 2002). o] & #H=7} F2F FAWEE 2 £ B 54& 718k Wave overturning GAIE BOF31, o]



48 Young Jun Chae et al.
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Fig. 6 Definition of heights of flip through, splashing jet, and freeboard exceedance

=% ?ﬁ%@l npxet AR F2E RS uet SN 5 feHe) P 22 Y79 Eol(Fig 6(0)2 Ao st
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(a—5) (b-5), (c-5), (d-5))llA YERHAL UTHGreco, 2001). &,  UARI} SFal(Wave height) 2 FAFd3} sho] YAka} AN H/ L)
AFY FEEl 710sks el EAAAS Flip through,  ¢+o] #AIE Fig. 7004 242 et Al $/9] =o] =5
Air entrapment, Wave run-up, Wave Overturning, Water W02 JAala} sfarol tiste] Aoz Friste dAE

shipping T2 /& % ok, & 5 glek Al FRY ol Ao} thi HEHHA ® @ S
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Fig. 8 Results of the BIV analysis (T = 1165, 4 =20 m, H
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Fig. 9 Variation of averaged bubble velocities with wave slope (T = 116's, 4 =20 m, H = 0.06 m, 0.07 m, 0.08 m, 0.09 m, 0.10 m,

011 m, 012 m)
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FIE TR S X
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KEY WORDS: Friction welding "}&-8-7%, Post weld heat treatment(PWHT) §H3E 2], As welded "}2-83 A, Base metal(BM) &

A=
63:"—/

Al, Heat affected zone(HAZ) €%

Weld interface(WI) &% #H, Welding condition &% z7

ABSTRACT: In this study, for the tube-to-tube friction welding of hose nipple materials, the main parameters of friction welding were
investigated using tensile tests, Vickers hardness surveys of the bond area (HAZ), and observations of the microstructure to increase the quality of
friction welding based on visual examination. As-welded and post weld heat treated (PWHT) specimens were tested. The optimal welding
conditions were found to be n = 1000 rpm, HP = 10 MPa, UP = 15 MPa, HT = 9 s, and UT = 5 s when the metal loss (Mo) was 7.5 mm.
Furthermore, the peak of the hardness distribution of the friction welded joints could be eliminated by PWHT. Moreover, the two materials of the
friction weld were thoroughly mixed with a well-combined structure of micro-particles, without any molten material, particle growth, or defects.

1. M =

w287 (Friction welding, FRW) (AWS, 1989; Irving, 1993;
Jeong and Shinoda, 1997)2 T&A+ E8 71284, Ad&
A, A8 T V1S9 &Y FHEo] gt o H
S A8 A3 & de BAE /AL
3 AAA] A 7]eH ] HoA s g
1 ol& Bee WA, 1 =Y 5Ax PEYsE RS
TAGE e T ARE JHdEtEA HEH A Aess
doz u dgste vpEde o3 F ARE
|49 dFToEA 53] o|FaE &4 Bel +&H I
Th(Kang and Min, 1998; Oh et al, 1988; Suh et al, 1995).

2~ YZE(Hose nipple)ol@t 3|S5 571419 4 H
ZoA 7itE FAIE Tk REel dgdhe # ghlolA
I 5229 2o g AVE 52 tE AA e} AEATE
BZolth dA Y 58 T2 UES Az dhHe 94
3

=14
[SI=Ra)’

=
_‘:_—ﬂ_}g—

-

o T oo

WEE AAE Al AN Aoz - o4 B Bu

AARE Hgstel YUt ok WA AEHL Y= A% 7
e AR EAo] B, Fgol Bastel f - 9173 Jhgel w
£ 748 34 b w2l WEel 24w g3 7k Alzto] gel
ST ek o B9, A AZ FHL o] WE
B2 UFE AA 27 FolA oF 50% olgol WSl HEA

A= £AHT glov, Adels A7 £3 gol 2awT.
wepr 52 UZe| A% FHE AN Siste] solz &
5% 24 olgald olg nRgHos ANgonH 7}
AZE B aAle) 48 Aas) SEs ARTAL sk
A Bk B %ol g AMOR 52 UES AR H¥ 7]
< il 35% olde] AAm] ZhaEnt ofuel Ak st Al
F7Hel ti@ FAY FR7} Thsstte Rak AlEH 3
THKong and Lee, 2013; Kong and Park, 2013).

2 AFeME B2 UES AlF nEgHE 288 Ae, &
TEE TF 2500 HA viEeA 208 =235 S8 vk
4 (As-welded) ol tat 84wt S4 52| FABAE
223 =3 83 FF A 2] (Post-weld heat treatment, PWHT)

of rlo
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2 Aselal niaAAe} A% 9 2Ae vlmsle] 45
o) Evhw TAFIC

(=N =1 =F

2. & x JH

oo

HU

H

21 M= 3 AlgH

2 Ao AMgd AdASE 7ATFEE7A(SM200) ol ok
SM20CE ZHE 7IAIF-ZFC thdstAl A= Algeld, F4
BEE YA, AFAL, 371 59 FEA FFl T2 o
£Ht} Table 101 SM20C2] 71AIA A2 FAJSta 9ok, T3k
nhEed $ SR AReY AAE H8 £HFTIAE
(PWHD)E Alfstdtt. 848 212 20C/min®] 52 £5
2 7bgste] 780 CollAl 4413 {4 & v (Furnace cooling)dt

Table 1 Mechanical properties of SM20C

Tensile Yield Reduction Elongation Hardness
strength strength of area ¢ 1%] HV
ot [MPa] oy [MPa] ¢ [%] °

490 320 37 17 150

Heat treatment conditions(PWHT): treatment(780°C/4h) —
furnace cooling

(a) Specimen of O.D. 36 mm (LD. 25 mm) tube-to-tube
welded (L = 315 mm)

<10

o
> Center
Q{ WD
t4

10

100 100

(b) Tensile test specimen of friction welded pipe (unit: mm)

Fig. 1 Tensile test specimen and cross section of friction welded
pipe to make the specimen

| ¥
Fig. 2 Photograph showing section through friction welding

specimen

Atk o] 2UE AWER Bt 52 2547 Kong et al.(2010)
o] YT 2 0TA AE 9 22| A AAE vl 9
3 71Zo = gt

8-S A 42 Fig 1)l JERR nkel o] 97
3o mmxHl7d 25mm, Zole SRHANE V|IEoE 1SS
205 mm, 35S 110mmE F 315mme|th Fig. 1(b)e 53
B Feo e ARE dolddor dusta AH s,
AX7VE & A BRRE ARER 1500704 Avkgk KS
Z(KS B0801) 14A%. Q17 AlgHe] meFolth
=3 Fig. 20 EAIHO] = vHEEATe] A=
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11284 7] (Model : FF-60 TTM-S1)+= Fig. 3l UEhdule}l 2o]
A&T5 B8 o] 23 (Continuous drive brake type)o|™, v}&-§-
ol 7Fed Aol Ad HAL HZIH 1HgZe] 77
g60mme|tt. I3 = AE7]= RHsA A 7](Model: KDMT-120)
2A I9AEEE 2mm/minS 2 7} 24 9 vpRgA o] F=
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Fig. 3 Appearance of friction welding machine(Model : FF-60 Il
M-S1)
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o]
=2<

Ao AvA wEstr] sl volE(Nital) &<
(HNOs, 3mé+ethyl alcohol, 100ml) &2 2sec 52t A A8IA L, &
HAH(Weld interface, WI), 8 ¥ &F{(Heat affected zone, HAZ)
g RA)(Base metal, BM)E 22 2000 = #ZsIAT

E A7l Aed v e REE®m), 7HEEY
(HP), GAFH(UP), 7FEAIRNHT), JAARKUD), AT ELTF
Mo)eltt. A #FaAs(Cho and Subh, 1997; Jeong and
Shinoda, 1997; Kong and Ahn, 2012)& HI&o 2 £ ATl 4
& 7Fs AL, 7Y, MMk S ARSIt 1
I g Wt AR EAFMo)ol PIAE TS ZAFSH

Aot

3. A7 W &

3.1 DSy g

B Aol AMgE vhEgAe] Mo WA FaAkE (Kong
et al.,, 2010; Kong and Park, 2013; Oh et al,, 1988)& 7]&3}
Table 20149} 2ol 121402 JALEE(n), ANLHUP) 2
PHAZHUD & dAsHA AR &, 71E9LEHP)H 71Dzt
(HT)2] ¥3KTable 29| 134 9vi7tA| 9] A z=7)7} vpzg
A A= HA= FgFS WA Adsidck O A=
FH 74AEHP) O tist FAF21E U 4 ATt 28|
2% (Table 29] 108 A dx7)L 7FAAKHT) S 12004 17
7HA] 2% A SR 97 E WIAA, 7FEAIZIe] AR S
(Mo)ell PA= FF= APstAch

Fig. 4% Table 29] 97}#] Ad=xx<] vpats wW3K10, 15,
20 MPa)ol| wE rpEgHA o] JAFFEE FASAL ATk Fig.
40 EAHO] e Hle} Zo] Table 22] 1, 2 & 3H A ZF,
HP=10MPa, UP=10MPa, HT=5, 10, 15sec, UT=5sec®] ©jg} w©}
Z2aH Ao A=} 498, 500, 536MPaz UERITE ol &
A2l AAA=(490MPa) BT} S7FstaL 9lom, 285 nhza-g3
A= 25 AT Ao wehs 4= ) a8y 7ddE S
ST QAR ET AAaEe AES YeH, vhEgA
o e7He AR v AR FEFE VX e

¢

3o

Table 2 Similar friction welding conditions and the results

600
’ UP=10(MPa), HT=5, 10, 15(s), UT=5(s) I

=
-
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b
= 4
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= .
2 o, of as-recieved.
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)
=
E 450 '
[ Optimum of HP
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No. Rotating speed, Heating pressure, Upsetting pressure, Heating time, Upsetting time, Metal loss,

n [rpm] HP [MPa] UP [MPa] HT [sec] UT [sec] Mo [mm]
1 5 33
2 10 10 7
3 15 10
4 5 35
5 1300 15 10 10 5 72
6 15 10
7 5 37
8 20 10 6.6
9 15 94

10 1000 10 15 1~17 5 0.5~11.7
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Fig. 5 Relationship between metal loss and heating time of
as-welded specimens
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Fig. 8 Hardness distribution near the weld interface of as-welded
and PWHT specimens, welding conditions: n = 1000 rpm,
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Performance Evaluation and Technical Development of
Eco-environmental Photovoltaic Leisure Ship with Sail-controlling
Device With Respect to Solar-Hybrid Generating System

Kyoung Gun Oh’, Byung Young Moon and Ki Yeol Lee"
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KEY WORDS: Eco-environmental leisure ship %7 #HHE, Photovoltaic generating system B33 WHA 28, Sail controlling
device MY £ Ao A, Performance evaluation 3%5%7}, Maximum Instant charging power <=3t Ht $4 3+9l, Sail up/down
speed MY £ 4% % 3% £5, Mast tumning angle PF~E 3|7 245

ABSTRACT: As a new technical approach, an attempt was made to realize a photovoltaic system for an eco-environmental leisure ship by
simultaneously actuating nine photovoltaic solar panels in association with the application of a sail-controlling system using wind energy. In this
approach, the photovoltaic system consisted of a solar module, an inverter, a battery, and the relevant components, while the sail-controlling device
was equipped with sail up/down and mast turning systems. The previously mentioned eco-environmental leisure ship utilizes a photovoltaic hybrid
system that uses solar and wind energy as renewable enerqy sources. Furthermore, this research included a performance evaluation of the
manufactured prototype, the acquisition of the purposed quantity values, and development of the purposed items. The significant items, including
the sail up/down speed (seconds) and mast turning angle (degrees) were evaluated for a performance test. A wind direction sensitivity of 90% and
maximum instant charging power of 900 W were also obtained in the process of the performance evaluation. In addition, the maximum sail time
was also evaluated in order to acquire the optimum value. The performance evaluation showed that the prototype with a photovoltaic hybrid
system was suitable for sailing an eco-environmental leisure ship using solar and wind energy.
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(b)

Fig. 1 Actual view of a boat with a photovoltaic system (a), a
sailboat with sail and mast itself (b)

Most tuming device I

etio r
- Reduction geor

Fig. 2 Schematic diagram showing a photovoltaic hybrid generating
system (wind + solar energy) (a), eco-environmental leisure
ship with the above system (b)
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Fig. 3 Drawing image with respect to eco-environmental leisure

(c) Plan

boat with a photovoltaic hybrid generating system

Fig. 4 Several schematic modelling image for structural analysis
as to the prototype with a photovoltaic hybrid generating
system (wind + solar energy)

y

Fig. 5 3D-Modelling image as to the prototype with a photovoltaic
hybrid generating system (wind + solar energy)
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Table 1 The specific dimensions of the eco-environmental leisure
ship used for this study

Table 2 Several performance evaluation items for this study

- - Item Unit Peorc. Domestic R&D
Prototype FRP leisure ship [%] purpose
Length [mm] 5800 Wind direction o 15 60 100
Width [mm] 2300 sensitivity
Height [mm] 3000 Sail up/down cec 30 150 120
Weight [kg] 700~800 speed
Material FRP Mast turning g0 00 30 30 45
Noise [db] 50~55 angle
Main engine 24 V(DC) Motor x 2 - Maximum
Main fuel Photovoltaic instant charge ~ W/h 15 600 1,000
power
Battery capacity 24 V(DC) x 150 AH x 2 ) ]
Maximum crew 8 Maxm.mm sail hr 10 2 3
time
Battery charging hour [hr] 8.5

Fig. 6 Actual image to show the photovoltaic panels used for

photovoltaic hybrid generating system
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Y

(b) Sail controlling module

(f) Device for ship’s location and identification

Fig. 7 Image of individual components used for eco-environmental
leisure ship for this study

Fig. 7914 2= vhsl o] AR Fesh ool
ol831AA SR A7 HAARES] Ay THEANE F
Ao &< QIWEIE Estsle] Sail E AOJRE, AU 2
A2sEl, 245 AR, ATPE7) SR (a2, e )
4 B8, 20lE BALE, Ak A4, AU 59

AMPAEAR] ol 2 gEiglon Fa Avlo] sjgojzt,

Yo% ot (X o

-

> <

(c) Winch for sail up/down

B U

(e) Propeller/front

(f) Assembled propeller

Fig. 8 Image to show the main components as to the eco-
environmental leisure ship FRP (Fiber reinforced plastic)

H
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Ao zH B 7|e/dolA FXEE = ¥ Sail = Ao
2Z o] &3 HYF UAHRE AAF L A= .H Fig 10
off S FHF AAFL WAool BAXITh AJAE Az Foll=
AFe 21843, 843 (Stability) & AE3L] Al A Al
A R AE AF7H d3lstel eAEE APk

32 dSAld T H "It Al ZEH X Ee

NAFS AERE Folle Ao AEHE oA dlst
a2 Ak Fo FAEAFES AFE tdeR st Al&X(Test
operation)& THEIATE o] AN BgF FHFH, AHE
2 gee] Y] A AEAR, FY Sail £ AR 2HEdH,
Sail up/down ¥ Mast turning A ¥ 4J(Balancing) &2 E,
A g ANt B4 AHl T AFEsE Esk] iR A
A 2 327G NG o]F B AAoA HF FREE
e ABH7IE AE AF71TEKOLAS 1573 d3lstel 2
ol A AG3E 5709 HrakEel sl Algskth

BB HEE k= 5719 BIIE(EE AA AL, Sail
up/down speed, Mast tuming 2%, Xt Al S 79, A
o &3 ARE )l disl Pz AFH7E Aldsk
Fig. 119 A5AId-S T3t e 31378 dHHES] 7ol
otk Fig. 129 7% A 31873 dARES] &3
E£E5 AAH R 717slHA 23E HAHRES o|FAHREE
UERA Apg o)t @34 EE Bt 4~5knot(2.06~2.57m/s5)E
AsHHA A EES FHATHONAK, 2012).

A, FF DA BE(%)el 785 BrkskaLA e T,

of

=
of e aA B NPT AE 5L ks F/BEA(0AD
4 AZAANE olg3tel ZABIG O, UL FFFLEA
71& olgstel BEAol A 2ASE %ol AP 1A

AE 355U Sail up/downH 28AZHZ)2] 5 2.

Fig. 9 Image of main frame of leisure ship hull (a), Image of 2l Sail& &% 3 3P shiA FESH=d L85 Ats
Internal components leisure ship hull in the process of ~ Stop watch® SA3FT Sail up/downA] & AHQATE 1
the fabrication (b) B 402(100%)S

5

fid

/ Fig. 11 Image to show the manufactured prototype of eco-
Fig. 10 Image to show the manufactured prototype of eco- environmental leisure ship under the performance
environmental leisure ship with wind and solar energy evaluation
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Fig. 12 Image to show the test root of the manufactured prototype =
under the performance evaluation (b) Digital type of indicator for wind direction and speed

Fig. 13 The view of calibration instrument for measuring wind

Table 3 Results as to performance evaluation items direction and speed
Item Unit P(z/rc. R&D Result 00 e e Unit: Degree
(%) purpose s ]y =0.9998x - 0.4109
ind directi {R2=0.9999
Wind direction 15 100 9 s [
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mo -
Sail up/down 30 120 100 T e :
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c 20258 3
. ) 1800 S
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S w0 L
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e hr 10 3 3 e ]
00 225 450 675 900 1125135015751800202522502475270029253150337 53800
- = - . o WD (Tunnet)
st HoJElE 7| E3tAth Mast turning ZH=(degree)] 73-¢- @
95}

Zgk @ 930 7 Mast Sail & A Al A IJHAES =43
4

om HxAj A 45°0] FAE A5 - sk " wis
=70 A 21 FIW/h)sk B, B3 A4 AR A, B S P
70 {R“ = 0.9999 7

AZFZ 0.797~0.897kW A o] BH%%:% kst &A1 & =
A A HoAEe S48kt sl on, 22X (1000W) 2ot = =4
o 9 00We| FAE SHESIGI viARe R A &3 A -
)9 735 £ 284 dHBES} AR FE 3t B ©
FBE ol g3t TF B L= S sk, dxgel F
FolHA £FE de F U AET SHNE Huilen 5
Aol ZHT 31 FAREE 78S ASAEE FHE
Ak

80
3.3 YSAIE i HESYHo| gt nE WS (Tunnei)
3 3] ®)

k&  Fig. 14 The graph showing the state of sensitivity of wind
4= 0] direction (a), wind speed (b)
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FHE SASIATE Fig 130 £ 7| AsA@Al AA
A g3to] ol &3 FUFLA ASAH HAAo] HefThHwang
et al, 2013; Markvart and Castaner, 2005).
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Fig. 15 The view of charging inverter component (a), battery for
supplying electo-motive force (b)
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Fig. 16 The relationship between generating output power(W) and generating efficiency(%)
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888888

@)

EWP-4500U
Rated line pull 4500 lbs / 2041 kgs
Motor 3.2 HP
Cable (DiaxL) ¢ 644 mm x 145 m
Net weight 12.6 kgs
Gear reduction ratio 172:1
Pull speed 2.64 m/min
(b)
Fig. 17 The view of winch motor (a) and its specification (b)
25
. >

s
Height(M) /
1 /
0s /
0

0 5 9 14 19 23 27 32 37 41 45 S0

Time(sec)

Fig. 18 The relationship between sail lifting time and sail height

in the eco-environmental leisure ship

A& BT 5= YAt Sail up/downell thEk AlEH o)A 413
A3}+E Fig 199 YeRAATh

Mast turning A|=§le] 7, HAEEEE ]88 Aso=
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£ Tt ANt FrRFE] iy N SEAE SRt

(a) 10%

(b) 50%

(c) 80%

(d) 100% (as sail-up
operation state)

(e) 10%

(f) 30%

(8) 50%

{ (h) 100% (as sail-down
operation state)

Fig. 19 The simulation view of sail up/down system during
actual operation
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(a) 07

(b) 15°

(c) 30°

(d) 45°

Mast Turning

Fig. 20 The simulation view of mast turning operation
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=
T
STk oo (B oo BHAYO] A FE| AY 2S4S Table 15} 2k

Table 1 Computed wind and current forces on buoy models

Wind Current
Buoy Force Center Force Center
[Kgf] [m] [Kgf] [m]
LL-26(M) 5.714 0.588 5.508 0.536
LL-30 6.587 0.682 6.450 0.608
1535 3.796 0.395 4131 0.159

LNBY-100 2.563 0.516 2.729 0.140

& (Table2 IO = A4, I7|5H = 71E5e A= 2H4)

& (Table e AU 83 Belalx] 2o AT ol Aol o]olA] 4]

nEo) Hrhy 4 7125t AHEFE AFFRY F5HF AT} F =) ek Zl0] Qi
Holth, % £5< AFFa, 43158, FFa] AvhgkMaximum value) Tse] Fig. 1o] ST - ()
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Fig. 1 Maximum height of tension forces acting on the mooring line at buoy
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Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own
published work, it is the author’s obligation to promptly notify the journal
editor or publisher and cooperate with the editor to retract or correct
the paper. If the editor or the publisher learns from a third party that
a published work contains a significant error, it is the obligation of the
author to promptly retract or correct the paper or provide evidence to
the editor of the correctness of the original paper.

Atticle structure

Manuscript must consist of as follow : (1)Title, (2)Author’s name, (3)Key
word, (4)Abstract, (5)Nomenclature description, (6)Introduction, (7)Body
(analysis, test, results and discussion, (8)Conclusion, (9)Acknowledgements,
(10)Reference, (11)Appendix, etc.

Abstract

A concise and factual abstract is required. The abstract should state briefly
the purpose of the research, the principal results and major conclusions.
An abstract should be written in around 300 words and is often presented
separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the
author(s) and year(s). Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first
mention in the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 5 or 6 keywords.

Unit
Use the international system units(SI). If other units are mentioned, please
give their equivalent in SIL

Equations

All mathematical equations should be clearly printed/typed using well
accepted explanation. Superscripts and subscripts should be typed clearly
above or below the base line. Equation numbers should be given in Arabic
numerals enclosed in parentheses on the right-hand margin. They should
be cited in the text as, for example, Eq. (1), or Egs. (1)-(3).

Tables

Tables should be numbered consecutively with Arabic numerals. Each



table should be typed on a separate sheet of paper and be fully titled.
AII tables should be referred to in the text.

Figures

All the illustrations should be of high quality meeting with the publishing
requirement with legible symbols and legends. In preparing the
illustrations, authors should consider a size reduction during the printing
process to have acceptable line clarity and character sizes. All figures
should have captions which should be supplied on a separate sheet. They
should be referred to in the text as, for example, Fig. 1, or Figs. 1-3.

Reference
All references should be listed at the end of the manuscripts, arranged
in order. The exemplary form of listed references is as follows :

1) Single author : (Kim, 1998)

2 )Two authors: (Kim and Lee, 2000)

3) Three or more authors: (Kim et al., 1997)

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)
References, including those pending publications in well-known journals
or pertaining to private communications, not readily available to referees
and readers will not be acceptable if the understanding of any part of
any part of the submitted paper is dependent upon them. Single or two
authors can be referred in the text; three or more authors should be
shortened to the last name of the first author, like smith et al.

Examples:

Reference to a journal publication:

Cho, LH. and Kim, M.H., 1998. Interactions of a Horizontal Flexible
Membrane with Oblique Waves. Journal of Fluid Mechanics, 356(4),
139-161.

Van der Geer, J., Hanraads, J.A.J., and Lupton, R.A., 2010. The Art of
Writing a Scientific Article. Journal of Science Communcation. 163,
51-59.

Reference to a book:

Strunk, W. and White, E.B., 2000. The Elements of Style,
4“‘Edition,Longman,NewYork.

Schlichting, H., 1968. Boundary Layer Theory. 6th Edition, McGraw-Hill,
New York.

Reference to a proceeding:

Aoki, S., Liu, H. and Sawaragi, T., 1994. Wave Transformation and Wave
Forces on Submerged Vertical Membrane. Proceedings of International
Symposium Waves - Physical and Numerical Modeling, Vancouver
Canada, 1287-1296.

Reference to a website:

International Association of Classification Societies (IACS), 2010a.
Common Structural Rules for Bulk Carriers. [Online] (Updated July 2010)
Available at: http://www.iacs-data.org.uk/ [Accessed August 2010].

Journal abbreviations
Journal names should not be abbreviated.

Revised manuscripts

Manuscripts reviewed that require revision should be revised and uploaded
with a response to the reviewer's comment at JOET editorial manger
within two months. Otherwise, the manuscript will be considered as a

new manuscript when and if it is resubmitted.

Proofs and reprints

Galley proofs will be provided as a PDF file to the author with reprint
order and copyright transfer form. The author should return the corrected
galley proofs within a week with the signed reprint order and copyright
transfer form. Attention of the authors is directed to the instructions which
accompany the proof, especially the requirement that all corrections,
revisions, and additions be entered on the proofs and not on the
manuscripts. Proofs should be carefully checked and returned to the JOET
editorial office by e-mail if the changes are minimal. If the changes are
extensive, proofs should be returned by fax only. Substantial changes
in an article at this stage may be made at the author's expense. The reprint
request form must be returned with the proof. Reprints should be made
at the author's expense.

Peer review

Every manuscript received is circulated to three peer reviewers. The
author's name and affiliation is not disclosed during review process to
reviewers. The review process can be repeated till three times if the request
of revision is suggested by reviewers. If the re-review is repeated more
than three times, it may not be considered for publication. If two reviewers
do not agree to accept the journal, it may not be also considered for
publication. Usually the first review process ends within one month.
Statistical Review: If there are any complicated statistical analyses in the
manuscript, it may be reviewed by statistical editor.

Manuscript Editing: The finally accepted manuscript will be reviewed
by manuscript editor for the consistency of the format and the
completeness of references. The manuscript may be revised according
to the opinion of the manuscript editor.

Page charge

The charge per a paper for the publication is 150,000KRW(Express review
service : 300,000KRW) up to 6 pages. Extra rate, 30,000KRW per page,
will be charged for more than 6 pages. Page charge include forty copies
of offprints. Offprints in color pages or extra copies of offprints will
require actual expenses. The charge per a paper for the paper review
is 40,000KRW. Rate for the express review service is 240,000KRW.

Editing checklist
See ‘Authors' checklist’ for details.

Transfer of copyright
Transfer of copyright can be found in submission hompage
(http://www joet.org).



Authors’ ChecKklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please submit this checklist to the KSOE when you submit your article.

< Editing checklist >

I checked my manuscript has been ‘spell-checked’ and ‘grammar-checked’.
Lho| o] oek W BEA R7b QX Selstgy

One author has been designated as the corresponding author with contact details such as
- E-mail address
- Phone numbers

A2 Syo] AR TAARZ AFEgon, theel detzt mrE ey

I checked abstract 1) stated briefly the purpose of the research, the principal results and major conclusions, 2)
was written in around 300 words, and 3) did not contain references (but if essential, then cite the author(s) and

O year(s)).

L 20| 1) 2 skl 979 B, o An 0 AR TUSHT Y-S SISO, 2) 30050] vhe)o]
Hol2 PAH S-S SAsHEOn, 3) FNLEALS ESH A 3L IS (F Do P

o A 7).

I provided 5 or 6 keywords.
U s67le) A1YES AMgsl AT

I checked manuscript consisted of as follow: 1) Title, 2) Author’s name, 3) Key word, 4) Abstract, 5) Nomenclature

description, 6) Introduction, 7) Body (analysis, test, results and discussion), 8) Conclusion, 9) Acknowledgements,
[ 10) Reference, 11) Appendix, etc.

U 937 50 A2 FEUSS SlstdsyTh ) Al 2) A3, 3) 7HE, 4) 25,5 7=,

6) A&, 7) & (314, A9, 23 AE), 8) 48, 9) FII(AAD, 10) XLJ_’—E”* 1) 75, &

I checked color figures were clearly marked as being intended for color reproduction on the Web and in print,
or to be reproduced in color on the Web and in black-and-white in print.

5 g me ) a9e] 28 Yo) Ei deiE S AsjEe] 2 e 4 QS AuE 198 A8e]
&2 selsta gy

0O I checked all table and figure captions were written in English.
Ve 930 BE E ABY a9 AR GRoR A4S stdsyTh

0 I checked all table and figure numbered consecutively in accordance with their appearance in the text.

L 2ROl et 2AYE B ME @ I7 WEh AYHASS ety

I checked abbreviations were defined at their first mention there and used with consistency throughout the article.
O s 98 948 900 3 A AHgold Belstgon, olF dudit SUT S AgoeSS
stelaol gy,

I checked that references were in the correct format for the journal (See ‘Guide for Authors’ for details).
U BE gngdo] & Ade] Faid B/ NRHA stol= Aol webd A4 EeS shelstel



O

I checked all references mentioned in the Reference list were cited in the text, and vice versa.
U= ‘References’ o] ZAJ5Hs BE RS 931 i A AFGEgow, vi2 93 & g4
RE 1 H3-2 ‘References’ o :‘17]5]21%—% Qolﬂ?‘i%b] =g

I checked I used the international system units (SI) or Sl-equivalent engineering units.
U S99 B BEoR gEelE WAS Aeaae s Selstdath

< Submission checklist >

O

I checked the work described has not been published previously (except in the form of an abstract or as part
of a published lecture or academic thesis).
e 2 929 igo] 25, TR, Shelea & ARl B A Sl AAlE AHde] gle= ERIskla U

I checked when the work described has been published previously in other proceedings without copyright, it has
clearly noted in the text.
e & 4a19f fgo] o] gle Z=AG AHEAL B oI5 oA BAS S SlstAsHT

I checked permission has been obtained for use of copyrighted material from other sources (including the Web)

U e Este] male] i ARo) A4S SIS Sl

I checked minimum one author is member of the Korean Society of Ocean Engineers.
£ A F 190 ol4fe] shsjorgatalo] alUele Shalsta L h

I agreed all policies related to ‘Ethical Code of Research’ and ‘Research and Publication Ethics’ of the Korean
Society of Ocean Engineers.

e drEddAY dreRtds 2den, &8 A Aokddth

I agreed to transfer copyright to the publisher as part of a journal publishing agreement and this article will not
be published elsewhere including electronically in the same form, in English or in any other language, without
the written consent of the copyright-holder.

L AR eeiA el AR Aol Felst, 45U AYFIANE AzsaG

I made a payment for reviewing of the manuscript, and I will make a payment for publication on acceptance of
the article.

G AARE gRsgon, BB A4 Y F ANRE BRI

I have read and agree to the terms of Author’s Checklist.
= AR AT AE Be 292 HAESIOH, Be 230 sodyth

Title of article

Date of submission : DD/MM/YYYY

Corresponding author : signature

Email address

% Print and sign completed form. Fax(+82 51 759 0657) or E-mail scanned file to ksoehj@ksoe.or.kr



Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its

submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The

privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original

paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.

(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript
L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular
basis.
. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend him/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its
publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and
impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as “cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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