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AIMS and SCOPE

Journal of Ocean Engineering and Technology (JOET) is a medium for the publication of original research
and development work in the field of ocean engineering. JOET covers the entire range of issues and technologies
related to the following topics:
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maneuvering; Experimental and computational fluid dynamics; Ocean wave mechanics; Thermodynamics
and heat transfer; Hydraulics and pneumatics;

Marine structure-mechanics including: Structural strength; Fatigue strength; Optimization and reliability; Arctic
technology and extreme mechanics; Noise, vibration, and acoustics; Plasticity engineering; Concrete
engineering;

Coastal civil engineering including: Coatal structure engineering; Port and harbor structure engineering; Soil
engineering; Drilling and exploration; Hydraulics of estuary; Seismic engineering; Coastal disaster prevention
engineering;

Marine material engineering including: Metallic material engineering; Organic material engineering;
Ceramics; Composite material engineering; Materials evaluation engineering; Surface engineering; Tribology;
Information technology and convergence fields including: Design for safety; IT-based design; IT-based
production engineering; Welding mechanics; Design of underwater vehicle; Offshore energy system design;
Environment and system evaluation; Control engineering; GPS and GIS; Inspection and sensor; Port and
logistics; Leisure boat and deep see water;
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GENERAL INFORMATION

“Journal of Ocean Engineering and Technology” is the official journal by “The Korean Society of Ocean
Engineers”. The ISO abbreviation is “J. Ocean Eng. Technol.” and acronym is “JOET”. It was launched in
1987. It contains original research articles, case reports, brief communications and reviews on technical issues.
It is published bimonthly in February, April, June, August, October, and December each year. Supplement
numbers are published at times. All of the manuscripts are peer-reviewed.

Full text is freely available from http://www joet.org and http://www ksoe.or.kr without signing in. This journal
was supported by the Korean Federation of Science and Technology Societies(KOFST) grant funded by the
Korean government. Total or a part of the articles in this journal are abstracted in NRF (National Research
Foundation Fund of Korea), Google Scholar, and KCI (Korean Citation Index).

Manuscript should be submitted via the online manuscript website http://www.joet.org Other correspondences
can be sent via an email to the Editor in Chief, Prof. Yun-Hae Kim, Division of Marine Equipment Engineering,
Korea Maritime and Ocean University, 1 Dongsam-dong, Youngdo-ku, Busan 49112, Korea (Tel: +82 51
410 4355, e-mail: yunheak@kmou.ac.kr).

Correspondence concerning business matters should be addressed to Secretary-Treasurer of KSOE, Heejin
Lee, President O/T room No.1302, 13, Jungang-daero 180beon-gil, Dong-gu (48821), Busan, Korea (Tel: +82
51 759 0656, e-mail: ksoehj@ksoe.or.kr).

A subscription to the journal can be obtained by sending your order to or e-mailing to Secretary-Treasurer
of KSOE. The annual charge for subscription is 100,000KRW or equivalent.

This is an open access article distributed under the terms of the creative commons attribution non-commercial
license(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

© 2018 by The Korean Society of Ocean Engineers (KSOE) / ISSN(print) 1225-0767 / ISSN(online) 2287-6715
€ It is identical to Creative Commons Non-Commercial Licenses.

This paper meets the requirements of KS X ISO 9706, ISO 9706-1994, and ANSI/NISO Z39.48-1992
(Permanence of Paper)

Printed on February 28, 2018 by Hanrimwon Co., Ltd., Seoul, Korea.






Sro)o TN

Journal of Ocean Engineering and Technology

Hr

20184 2¥

H32d M1z (83 HI140%)

| 72

o FEAEA

=PF

B

oo 2

AFA 2" AA

21

oo

- 27

& AeA

14

a4

pud

& %

22k 7Y = WA &5 ol o

A

2|4 FPSO9| DP

s A
-1

ao
“d
._01_

1

A -

do

240

51

A2E)

o

_E.L

xr
o)



SO F X
Journal of Ocean Engineering and Technology

CONTENTS

Volume 32, Number 1 February, 2018

<Original Research Articles>

Study on Optimal Damping Model of Very Large Offshore Semi-submersible Structure
Hyebin Lee, Yoon Hyeok Bae, Dongeun Kim, Sewan Park, Kyong-Hwan Kim and Keyyong Hong -«---+«=-++-- 1

Conceptual Design of Motion Reduction Device for Floating Wave-Offshore Wind Hybrid Power
Generation Platform
Sewan Park’ Kyong—HWan KlIn and Keyyong HOng ........................................................................................... 9

Quayside Mooring System Design of Prelude FING for Extreme Environmental Condition
Jin-Woog Cho, Sang-Woong Yun, Bong-Jae Kim, Jae-Woong Choi, Booki Kim and Seung-Ho Yang ««++«+++++ 21

Analysis of Velocity Potential around Pulsating Bubble near Free or Rigid Surfaces Based on Image Method
Sangryun Lee’ Gulgl ChOi, JOngChul I{]In and Seunghwa Ryu ......................................................................... 28

Numerical Analysis of Unsteady Cavitating Vortex around Two-dimensional Wedge-shaped Submerged Body
Ji-Hye Kim, So-Won Jeong, Byoung-Kwon Ahn, Chul-Soo Park and Gun-Do Kim w-ssssesssseessssssssssssssssssnsaess %6

Study on Ice Parameters Affecting DP Performance of FPSO in Arctic Ocean
SO]-M ChOi, Seung_Jae I_ﬁe, Solyoung I-Ian and Jaeyong Iﬁe .......................................................................... 43

Experimental Study on Floating LING Bunkering Terminal for Assessment of Loading and
Offloading Performance
Dong-Woo Jung, Yun-Ho Kim, Seok-Kyu Cho, Dong-Ho Jung, Hong-Gun Sung and Sun-Hong Kwon --+++-+ 51

Development of Sea Surface Wind Monitoring System using Marine Radar

Implementation of Heading Angle and Depth Keeping Control of ROV with Multiple Thrusters by

Thrust Allocation
Suk-Min Yoon, ChongMoo Lee and Kihun Kimm ---sss-ssssssseesessssssssssssssssesssssnsssssssnsssssssssssesssssnssssssssssssssssnss 68



ok

[ Original Research Article ]

e Eets A A302d A1E, pp 1-8, 2018F 2¢¥

/ ISSN(print) 1225-0767 / 1SSN(online) 2287-6715

Journal of Ocean Engineering and Technology 32(1), 1-8 February, 2018
https://doi.org/10.26748/KSOE.2018.2.32.1.001

Study on Optimal Damping Model of

Very Large Offshore Semi-submersible Structure

Hyebin Lee’, Yoon Hyeok Bae -

Dongeun Kim~, Sewan Park™,
Kyong-Hwan Kim~~ and Keyyong Hong

"Multidisciplinary Graduate School Program for Wind Energy, Jeju National University, Jeju, Korea
“Deptartment of Ocean System Engineering, Jeju National University, Jeju, Korea
Faculty of Wind Energy Engineering Graduate School, Jeju National University, Jeju, Korea

Zg Wkt

“Korea Research Institute of Ships and Ocean Engineering, Daejeon, Korea

AFZ= Al

452 Sl B A7 k2 2ol U3 12

KEY WORDS: Linear damping 418 74, Quadratic damping 22} 744, Nonlinear drag Pl41% 3%, Semi-submersible ¥H42],
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ABSTRACT: In order to analyze the response of the offshore structure numerically, the linear potential theory is generally applied for simplicity,
and only the radiation damping is considered among various damping forces. Therefore, the results of a numerical simulation can be different from
the motion of the structure in a real environment. To reduce the differences between the simulation results and experimental results, the viscous
damping, which affects the motion of the structure, is also taken into account. The appropriate damping model is essential for the numerical simulation
in order to obtain precise responses of the offshore structure. In this study, various damping models such as linear or quadratic damping and the
nonlinear drag force from numerous slender bodies were used to simulate the free decay motion of the platform, and its characteristics were confirmed.
The optimized damping model was found by comparing the simulation results to the experimental results. The hydrodynamic forces and wave exciting
forces of the structure were obtained using WAMIT, and the free decay test was simulated using OrcaFlex. A free decay test of the scale model was

performed by KRISO.
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Fig. 1 Conceptual design of hybrid power generation platform
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Fig. 2 Submerged geometry of hybrid power generation platform

Table 1 Specifications of hybrid power generation platform

Item Unit Value
Overall platform displacement [kef] 27,266,000
Distance between two columns [m] 150
Draft [m] 15
Total WEC weight [kef] 1,777,000
Mooring load [kef] 343,000
Center of gravity above keel [m] 15.33

Zo] Ry HJth FERE FAY ALt & FFE HA
= 2ol TR AR FZE(WEC guide frame) 52
23tz Tl Table 12> ZHE] AYS VeERATH
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>

AN
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e

Fig. 3 Mooring line arrangements

Table 2 Specifications of mooring system

Item Unit  Value
Depth to fairleads below mean water level [m] 13
Unstretched mooring line length [m] 500
Chain diameter [m] 0.147
Wet mass density [kgm] 374
Total number of clump weights [ea] 6
Clump wet weight [kef] 11,000
Spacing between clump weights [m] 20
Distance from fairlead to clump along the arc  [m] 130
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Table 3 Environmental conditions

Unit Normal condition Extreme condition Survival condition
Significant wave height [m] 5.93 11.28 12.88
Wave Peak period [s] 10.81 14.29 15.27
Peak shape parameter () [-] 22 22 22
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= 61 3 3
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(a) Normal condition (b) Extreme condition (c) Survival condition

Fig. 5 Wave spectra
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Table 4 Maximum acceleration of platform
Normal condition Extreme condition Survival condition
Acc. [m/s? or deg/s’]  [%]  Acc. [m/s? or deg/s’]  [%]  Acc. [m/s® or deg/s]  [%]
Linear damping 0.7175 100.00 0.8660 100.00 0.9765 100.00
Surge Quadratic damping 0.7167 99.89 0.8623 99.57 0.9590 98.21
Morison drag 0.7603 105.97 0.9330 107.74 1.0201 104.47
Linear damping 0.4418 100.00 0.8986 100.00 0.9496 100.00
Heave Quadratic damping 0.4456 100.86 0.7880 87.69 0.7525 79.24
Morison drag 0.4436 100.41 0.7952 88.49 0.8627 90.85
Linear damping 0.4857 100.00 0.8079 100.00 0.9142 100.00
Pitch Quadratic damping 0.4772 98.25 0.7363 91.14 0.7491 81.94

Morison drag 0.5806 119.54 1.0617 131.41 1.2860 140.67
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ABSTRACT: The present study deals with the conceptual design of a motion reduction device for a floating wave-offshore wind hybrid power
generation platform. A damping plate attached to the bottom of a column of a large semi-submersible is introduced to reduce the motion of the platform.
Performance analyses on various shapes and configurations of damping plates were performed using the potential flow solver, and the appropriate
configuration and size of the damping plate were selected based on the numerical results. In order to see the effect of viscous damping, a small scale
model test was performed in a 2D wave flume. The performances of five different damping plates were measured and discussed based on the results

of free decay tests and regular wave tests.
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1

(a) Tuned liquid damper (Iglesias et al., 2004)

(c) Fin stabilizer (Perez and Goodwin, 2008)

(b) Bilge keel (Katayama et al., 2010)

(d) Damping plate (Busso, 2006)

Fig. 1 Type of motion reduction device used in the ship and offshore structure
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Table 1 Principal dimensions of the baseline platform

Items Value

LOA [m] 158.5
Height [m] 27
Draft [m] 15

Total weight [MT] 23,285

{

[

TS
KK

0

|
i i T 1] st
At 1k e 1At A A W

(a) Elevation view (b) Plan view

Fig. 2 Baseline platform geometry

Table 2 Categorization of the dominant wave force for the structure

component
ITtems Regime Category
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Secondary structure
Vertical brace
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Fig. 3 Various configurations of the horizontal plate for the motion reduction device
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B

(a) Num. model B,, 4, = 0.8

(b) Num. model B.;, 4, = 1.8

(c) Num. model B, 4, = 3.2

1

(d) Num. model By, 4, = 5.1

(¢) Num. model B, 4, = 7.4

(f) Num. model B.s, 4, = 10.1

Fig. 4 Various sizes of the horizontal plate for the motion reduction device
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Table 3 Specifications of the 2D wave flume in KRISO

Items Value
Length [m] 30
Width [m] 0.6
Height [m] 1
Water depth [m] 0.5
Maximum wave height [m] 0.15
Wave period range [s] 075 ~ 2.4

Table 4 Specifications of the barehull model for the 2D wave

flume experiment

Items Value
Column section [cm * cm] 13.0 x 13.0
Column height [cm] 38.6
Pontoon section [cm X cm] 6.0 x 6.0
Pontoon length [cm] 101.1
Draft [cm] 26.4
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RO

(a) Exp. model A (b) Exp. model B (c) Exp. model C
(d) Exp. model D (e) Exp. model E (f) Exp. model F

Fig. 6 Simplified platform models for 2D wave flume experiment

(b) Exp. model B

(d) Exp. model D (e) Exp. model E (f) Exp. model F

Fig. 7 Manufactured platform models for 2D wave flume experiment
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Table 5 Weight information of manufactured platform models

Items Displacement [kg] Center of gravity above keel [cm] Pitch radius of gyration [cm]
Exp. model A 12.3 7.3 58.0
Exp. model B 12.6 7.4 75.3
Exp. model C 12.6 7.5 78.6
Exp. model D 14.4 7.0 74.0
Exp. model E 12.6 72 71.8
Exp. model F 12.6 72 754

Platform
------- Mooring line ///
= Motion capturing camera
° Capturing target

(a) Elevation view of schematic diagram

\I/

\I/

R ’
i ]

(c) Installed platform model in the wave flume (d) Installed motion capture system with two T40-Cameras
Fig. 8 Expertimental Setups
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Table 6 Pitch natural periods and damping coefficients measured

from free decay tests for each models (model scale)

Ttems Natural period Pitch damplll]lg coefficient
[s] [7e]
Exp. model A 1.21 4.13
Exp. model B 1.45 10.75
Exp. model C 1.39 10.93
Exp. model D 1.57 7.42
Exp. model E 1.54 11.05
Exp. model F 1.44 14.08
45
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Fig. 15 Pitch RAO measured by the 2D wave flume experiments
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ABSTRACT: The design and analysis of a quayside mooring system for safe mooring of Prelude FLNG under extreme environmental conditions
were carried out. The design of the mooring system considered the yard operation conditions and maximum wind speed during a typhoon. In order
to secure the mooring safety of Prelude FLNG under an extreme environment, a special steel structure was designed between the quay and Prelude
FLNG to maintain the distance from the quay to a certain extent to avoid a collision with the inclined base. The mooring safety was also ensured
by installing additional new parts on the quay. A mooring analysis and mooring safety review were performed with more rigorous modeling considering
the nonlinearity of the mooring rope and fender. In order to secure additional safety of the mooring system under extreme environmental conditions,
a safety assessment was conducted on the failures of the mooring components proposed in the marine mooring guidelines. Based on the results of
the mooring analysis, it was confirmed that the Prelude FLNG can be safely moored even under the extreme conditions of typhoons, and a worst
case scenario analysis verified that the mooring system design was robust enough. The proposed mooring analysis and design method will provide
a basis for the safe mooring of ultra-large floating offshore structures of similar size in the future.
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g AL glom, AT oR|e] o]Ftalo] HAY mto]lze} = A AA LNG Al 2357k} BHEE thre] FLNGZF &
A3 SAEWNES o] &3 o] opd el F/2 af  FE Zo= 7|oistal Yok ZHFE FINGFig )v &5 B
FEZHEES o] &3 AZE /d oA o]F2 o2 Wsly] 9= F&(Browse basin)®] M7t M-S EXEE ZIAE
3 QJEKKOSHIPA, 2011; KEIT, 2015; KEEIL, 2015). 7t FRHR oW FRHANAE AZA AzE 7 AT

FLNG(Floating liquefied natural gas)= 3l * Z5E] iH%H A E2E FAA 7P Ak AA9] o7} 488m(LBP7 1 473.6m),
A7F=E el A AAISHL LNGE Hsts] A3 stds & Fo] 74m, Zol7t 434moll o2, FRTERES X A5
T AT T ASFEFNEZA FHIA N gk Gl 241 Eol7} & 110moll o]ETHTable 1). AT 269HE o] A&
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Fig. 1 Prelude FLNG

Table 1 Main particulars of prelude FLNG

Items Dimension Remarks
LBP 473.6 m
B 740 m
D 434 m
T 9.8 m Quayside
Displacement 316999 MT Quayside

= o] A =tE 2l om, TEA| E4+(Full loaded) “FEloNA ¥l 32 60
WHEo) o] 2T(Shell, 2009).
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2015).
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Fig. 2 Prelude FLNG for wind screen calculations(left: side view, right: front view)
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Wind coefficients
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Fig. 3 The model for wind tunnel test and wind coefficients of Prelude FLNG
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Table 2 Quayside mooring components for Prelude FLNG

Items Capacity Remarks
Horizontal force 100 MT
100 MT Vertical force 58 MT
Bitts Hori ] fc 200 MT
orizontal force
200 MT Vertical force 116 MT
0,
Foam filled fenders 700 MT @ 4500 x 9000 L, 60 %

deflection of diameter

QHHHIE 31FH| 2E(proof load test)
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Ak ofl 2L dkF HI2EE S8 ASEAE 1008, 200
£ HEo] 239 Aoy, Fig 4% HE SFH2E M u}
£ 3t F3A vES Huo WEwK(load-strain)= YERA Zl0]
ot oldf AT FH, A el o3 ARG sF
(SWL, Safe working load)2] 1.254] #t& ARSI T

ZYRE FING HeHE EF FAF=2E
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] 100T/B'm\ veti || e zom/sw\\ —Vert
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0.0 L T T T T J 0.0 L T T T
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Force Verti 0 18 36 54 725, 54 36 18 0
100T Bitt (MT) Hori 0 =il 62 93 125 93 62 31 0
(30th June) | Displacement| Verti 0 0.5 0.86 it 153 1.28 181 0.75 0.01
(mm) Hori 0 143 24 3.03 3.8 35 3.07 27 0.34
Force Verti 0 29 58 88 117 88 58 29 0
200T Bitt MT) Hori 0 62 125 187 250 187 125 62 0
(29th June) |Displacement| Verti 0 0.8 12 1.55 19 1.8 15 11 0.09
(mm) Hori 0 145 2.3 3 3.8 34 2.75 1.95 0.14

Fig. 4 The results of proof load test for 100 MT and 200 MT bitts
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180deg

Fig. 6 Coordinates of the Prelude FLNG model and environmental
load direction
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Fig. 7 Mooring rope property
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Fig. 9 Quayside mooring arrangement for Prelude FLNG
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Table 3 Mooring analysis results for Prelude FLNG

Conditions Max /SWL
Line Tension Fender Force

Intact 93.02 % 94.52 %

Max. 1 line failure 92.44 % 94.49 %

Neighbor line failure of Max. line 94.34 % 9433 %

Damage Max. loaded bitt failure 95.86 % 94.31 %

Max. loaded chock failure 95.38 % 93.99 %

Max. loaded bollard failure 94.99 % 94.17 %
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Fig. 10 Mooring analysis results for mooring lines(Intact, Max. 1 line failure, Neighbor line failure of Max. line, Max. loaded bitt failure)
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Analysis of Velocity Potential around Pulsating Bubble near Free or
Rigid Surfaces Based on Image Method
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ABSTRACT: An analytical method for predicting the velocity potential around a pulsating bubble close to a free or rigid wall was established using
an image method. Because the velocity potential should satisfy two boundary conditions at the bubble surface and rigid wall, we investigated the
velocity in the normal direction at the two boundaries by adding the image bubbles. The potential was analyzed by decomposing the bubble motion
as two independent motions, pulsation and translation, and we found that when the number of image bubbles was greater than ten, the two boundary
conditions were satisfied for the translation term. By adding many image bubbles after the approximation of the pulsation term, we also confirmed

that the boundary condition at the wall was satisfied.
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ABSTRACT: Unlike a slender body, vortices are shed off alternately in the wake of a blunt body. In the case of liquid flows, when the pressure
falls below the vapor pressure, cavitation occurs in the vortex core and affects the formation of the vortex street. This phenomenon is of major
importance in many practical cases because the alternate shedding of vortices creates imbalanced forces on the body. Hence, it is very important to
determine the shedding frequency of cavitating vortices. In this paper, the unsteady cavitating flow around a two-dimensional wedge-shaped submerged
body was simulated using the commercial code STAR-CCM+. A numerical investigation of the structure of cavitating vortices was performed for
a model with an apex angle of 20°. The results were validated by comparing them with experimental measurements carried out at a cavitation tunnel
of Chungnam National University (CNU-CT). It was found that the shedding frequency of the vortex increased by up to 18%, which was strongly

affected by the development of cavitation.
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Table 1 Fluid properties

Water Vapor
Temperature [C] 24.5
Density [kg/m3] 997.13 0.0224
Dynamic viscosity [Pa-s] 9.003x10™ 9.8527x10°
Saturation Pressure [Pa] 3170.34
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(a) Experimental observations

(b) Vorticity contours (STAR-CCM+)
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Fig. 6 Periodic motion of the Karman vortex street in the far wake region (cal. o=1.30, exp. o=1.29)
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ABSTRACT: Recently, various efforts have been made to develop oil and gas in the Arctic Ocean. It is very important to consider the load caused
by ice in designing floating structures in the area. The magnitude of the ice load and its impact on a structure should be considered. In this paper,
we analyze ice parameters affecting the DP performance of FPSO with a DP-assisted mooring system. Several ice characteristics are selected, and
the resulting ice load is calculated using GEM software. Numerous simulations are conducted while changing the values of the parameters, and DP
capability plots are generated to visualize the effects of changing these parameters. It is shown that the ice drift speed and thickness are the major
properties to be considered in DP system design. The limitations of the analysis and future work are discussed in the conclusion.
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Fig. 1 Generation procedure for wind envelope
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Fig. 2 Generation procedure for thrust envelope

Thrust envelope completion |
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Table 1 Principle dimension of target vessel

Principal dimension Value
Length between perpendiculars(LBP) [m] 244
Breadth [m] 50

Draft [m] 18.6

Displacement [m’] 163215

GM [m] 443

Vertical center of gravity(VCG) [m] 18.5
Radius of gyration for x [m] 15.2
Radius of gyration for y [m] 59.3
Radius of gyration for z [m] 60.0

Fig. 3 Geometry of target model

Table 2 Principle dimension of actuators and arrangement

No. Type of thruster st Thruster arrangement
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1 Tunnel thruster 330 113m
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3 Azimuth thruster 875
4 Azimuth thruster 875
5 Azimuth thruster 875 122m
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(b)

Fig. 4 2D Geometry of ice floe in GEM simulator (Daley et al., 2014)
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E3 $AEHE NS JTHITTC, 1999). ¥ A9
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al, 2012)= 4 2749 4l Ade de=e= 8 ) 9
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dolde ALEE Fa W e W BPE, Aol %

®5 k. gEfelE o] 9

«=9E 2d H2E 9 AEHA 37, td 2de EX*OH
wEha] g = Utk 2 AFolA AFHE 78 W FetvE
W UYE, 74, 35, FFREE, 34 Z=olth 3] A=
ITTCE] 7tol=aiRlell WA Eo] YA FA|RF DPA o] {-1)-
H FE AlEE oA 1HEE T8 A F shvelr] e
B =50 ¥ veve 2 433 THNguyen et al., 2009).

Algdoldel A8 W st HES 202 B Y
4291 g1 HolE S 7|HkoE Table 33} o] AAEHNU
ok ARC79] 1R FAE A8 72 H+ 1L7m, 53 AL
| - 1.4mO]THRMRS, 2016). 3 WS E33t] W] 54
12 1.0m, 1.5m, 2.0mE AT W EFE=E HA
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Table 3 Principal ice parameters for simulation

Ice parameter Value
Ice concentration [%)] 80 (Fixed)
Ice thickness [m] 1.0, 1.5, 2.0
Ice drift speed [mvs] 0.5, 0.8, 0.9, 1.0
Ice crushing strength [MPa] 1.8, 2.0, 2.2
Ice density [kg/m’] 850, 900, 950
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Fig. 6 GEM output example of ice load in seconds (Han et al., 2017)
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ClEBIAL 105 PALR 36055 wefdt F 367 FH A
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Table 4 Wind-wave relation in IMCA

Sig. Wave height Crossing period Peak period Mean wind speed

H; [m] L[] T, [s] Vi [mvs]
0 0 0 0
1.28 4.14 53 2.5
1.78 4.89 6.26 5
2.44 5.72 7.32 7.5
321 6.57 8.41 10
4.09 741 9.49 125
5.07 8.25 10.56 15
6.12 9.07 11.61 175
7.26 9.87 12.64 20
8.47 10.67 13.65 225
9.75 11.44 14.65 25
11.09 1221 15.62 275
125 12.96 16.58 30
13.97 13.7 17.53 325
15.49 14.42 18.46 35
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Table 5 Ice load cases for simulation

%se thi(flzzess Density Drift speed (;trrl'lilgl?hg Heading
*  m]  [kem’]  [ms]  [Mpa] [deg]
1 1.0 850 0.5 2.0 0~50
2 1.0 900 0.5 1.8 0~50
3 1.0 900 0.5 2.0 0~50
4 1.0 900 0.5 22 0~50
5 1.0 900 0.8 2.0 0~50
6 1.0 900 0.9 2.0 0~50
7 1.0 900 1.0 2.0 0~50
8 1.0 950 0.5 2.0 0~50
9 L5 900 0.5 2.0 0~50
10 2.0 900 0.5 2.0 0~50
Table 6 Result comparison scenario
Ice thickness  Density Drift speed Cstrrisnh;lhg
Case no. 3,9,10 3,5,6,7 2,34 1,3,8
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Table 7 Simulation result

AP (Variation)

A Thrust envelope

e Mean sensitivi
Sensitivity ty

(E(sensitivity))
. 051 — 15 m 2.58 5.15
Thickness 5.94
0.5 (1.5 = 2.0 m) 3.36 6.72
0.3 (0.5 — 0.8 m/s) 0.27 0.90
Drift speed 0.1 (0.8 = 0.9 mvs) 6.29 62.9 40.44
0.1 (0.9 — 1.0 m/s) 5.75 57.5
. 0.2 (1.8 — 2.0 MPa) 0.54 2.68
Crushing strength 2.67
0.2 (2.0 — 2.2 MPa) 0.53 2.65
. 50 (850 — 900 kg/m’) 0.40 0.01
Ice density 3 0.01
50 (900 — 950 kg/m’) 0.11 0.01
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A Thrust = Variation of thrust envelope value
AP = Variation of parameter value
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Fig. 7 Thrust envelope with respect to ice thickness
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Fig. 9 Thrust envelope with respect to crushing strength
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Fig. 10 Thrust envelope with respect to ice density
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Experimental Study on Floating LNG Bunkering Terminal for
Assessment of Loading and Offloading Performance

Dong-Woo Jung®™, Yun-Ho Kim’, Seok-Kyu Cho’, Dong-Ho Jung’, Hong-Gun Sung” and Sun-Hong Kwon™

*Ojjfshore Plant Research Institute, KRISO, Daejon, Korea
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FLBTS| A3l g4 H7le 918 Aga A

KEY WORDS: FLBT #f4] LNG W#% E"]'d, Loading arm and manifold E9%¥# mfUZEE, Loading and offloading operability
A5ty 284, Relative motion 45, Side by side moored vessel ¥ EAF44}, Ocean engineering basin 3 %-33h43%

ABSTRACT: In this study, the operability of an FLBT (floating LNG bunkering terminal) was evaluated experimentally. Model tests were conducted
in the KRISO (Korea Research Institute of Ships and Ocean Engineering) ocean engineering basin. An FLBT, an LNG carrier, and two LNG
bunkering shuttles were moored side by side with mooring ropes and fenders. Two white-noise wave cases, one irregular wave case, and various regular
wave cases were generated. The relative local motions between each LNG loading arm and its corresponding manifold in the initial design configuration
were calculated from measured 6-DOF motions at the center of gravity of each of the four vessels. Furthermore, the locations of the LNG loading
arms and manifolds were varied to minimize the relative local motions.

M2 BAY o A KN SRR AT el 5

PHE 202 e 5 ol SeA WAES ST As

2047) 23E BAZ o= Fsiel oldo] A AR wlakel O Wake WA oo} QP8 Hlo] FlsEA, T
2 vepdel wel FASAITHIMO, International Maritime TR Q1Zg} F30] BoEtal Alal Al AHIE 7} Aok £
Organization)ol| A A8k} wlZ7}2 TrAlo] LAt o] MARPOL o] Q= wba sfAtol|l ] et 79 mado] o3t 2ideto] Q)

(Marine polution) 73/78 2 &&iX Auto 2 RE 0@ WA E 943 Aol Aofe] WMEXT SAthu] Zdol] g AT
=74 g 2HK(International convention for the prevention of marine  $27} A= EAo] k. B AFAE 4 HAY ol
pollution from ships)oll Al AAHE A o= 2020714 Adke] vjErt ois) F/2 WAL EP'G(FLBT, Floating LNG bunkering

2] Z3HE 3ESHES 0.5% ©]3FE, 53] ECA(Emission control
areas) ol A= 0.1% ©13k2 FAISIL ) o)=%t 873 iAol w2}
7474 A= LNG(Liquified natural gas)® F-%13h= Autol tigk &
T7F TOMA AL Qlow, o]o) w2010 o] $HE] LNG F714d8)
Wk ol2} ING A ME(LNG-BS, LNG bunkering shuttle)2]
87 =3 sojuhal Qlth 97]4 LNG B ™ ol7 ING F21408)
o] LNGE FYshs 9™y A& S

terminal)S thAC. 2 3l FLBTO| LNG 2¥H(0]3} LNGC)3
LNG-BS7} HBAFAI2HE o83l H3te] LNGCERE F
T LNGE LNG-BSel st¥stes Aat=2 8%t
HEARE Aase] %5 540 dEiAe B2 Agd+7t
TR = A=, ING FPSO9t 7 ILNGC7F WE A= S o
54 99 5% sl 2 258E ¥ 7Y Wss

Ay XA o7 HrFSFY(Hong et al., 2005), 1x HAAL
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2WE Zgste] gEA S5l thel FAHeE HIEAT
(Choi and Hong, 2002). LNG-FPSO2} LNGC7} HEAFEHAS

W g F &% 54 A8 £XH HeR FE A
F3o] sl ATSAI(Kim et al., 2003), AotZE]7} FJL
e A3 T 2L FE| LNG-FPSOSF LNGCY &% %
Zoll i AFE FHSITHKim et al, 2017a). F F-FA2|
A 53R, Ates, BT 181 7Y T A9
QA &5 SH g AFE A5 THFang and Kim, 1986;
Fang and Chen, 2001; Fang and Chen, 2002). FLBT ## % 413
ATEE= FLBTY| 3 & 4-body JE]NAe] &5 5 thall A
d 9 12 AALLNES 483 FXF PR AT
(Kim et al., 2017b), FLBT] 2% $xo] & &84S Hr}
St THJung et al, 2017). EgF & £ A7} fAREE doR
GIFT(Gas import floating terminal) ©|2= ©]52.2 H-724 LNG
Huldol| tjal GIFT ©=dejollA AFA Aedt €24< 1L
’d& HES I, INGC7}F GIFTOl| ke w9} &
OFA S H718FH T Claes et al., 2007).
=zolAe FLBTSH 24 AwEe] &8 Adxtel wet
FLBT®l 1304 32¢] 2gilo] HEAFEH J& o 29
I UEEoA 9] Aess APHeR e, o
o7} =gt IMEEA AR E A HETC=A F

&
|

l / Wave direction

-

. 170k LNGC .
FLBT

. N l 5k LNG BS\ i ‘ 30k LNG BS — >

> Fender
—— Side-by-Side Mooring line

Fig. 1 Arrangement of FLBT, LNGC and two LNG BSs
& e vkek Zo] 170K LNGCSF 30K
LNG-BS¢] A4= waFo| FLBTS} Wit & wjx] €tk FLBTS 9=
FAE Sl 959 12 Fiake &9 FFE A q=F
20kgfme] AAHS 7HA= =
3t ©] @ Surge, Sway -
Z, 16522 ZRI=U)

AT T35 HAE 980 ot} 2ol F TR ¢ Ad
7} 2EERN oW, vis=Fo] & 170K INGColE A& 4.5mT2
A7), wieso] Atjdoz e 30K LNG-BSSF 5K LNG-BS
o 7% 3.0m & A7 AHEE S

Fig. 1914 &1

hvA [e]
Fata 2k s

ARg8te] vl Aol A AR

7 44 Ad VIS Z 110

e P45m x 7.0m (Initial inner pressure of 80kPa): for 170K

LNGC
2. CHAF ® @3.0m x 5.0m (Initial inner pressure of 80kPa): for 30K &
5K LNG BS
INGe] %3t} &gl o] FLBTS} FLBT"“ BEAFE A 2 aic)e) wgis} ol i BAIE Fig 200 AASAT 1
§ ANbSol A il mEt A a5 A W g4 mHdY B ET oS 35%, 60%7HA] APos =
€ 2% RN AR 54 dsE dEHeR ) A g g1g el oja) ANsT, A AEE 0% 4 744
3 F=sidsrled B AdSIEIE A7ad OH%H‘:— ThsalAT B A oﬂ/q AA AL ~zo] A B
ske=zellAl FLBT, 170K LNGC, 30K LNG-BS 181 Ab 753 35% ot ZkR|9F AE 2} k)
INGBSE thydom 23ANPe FASA 24 -4l HH JEARAe A9 mgde] dxE sl Aiel % 7}
AE Fig 1o, 2131 FRAYNE Table 1o AN 28 ag stz mageigs, 4 AR 44E BEAFolR
SH¥l= 1655 HB3I3T Z 4 ()2 Akt
Table 1 Main characteristics of operating vessels
Item Unit FLBT 170K LNGC 30K LNG-BS 5K LNG-BS
Loading condition - Design condition Design condition Ballast condition Ballast condition
Length between perpendicular [m] 326.0 2822 162.0 91.2
Breadth [m] 60.0 45.5 26.5 17.0
Depth [m] 32.7 26.0 15.0 10.0
Draft [m] 13.5 12.0 5.08 43
Displacement [m’] 2.39¢05 1.11e05 1.69¢04 4.75¢03
Water plane Area [m?] 1.88¢04 1.11e04 3.59¢03 1.38¢03
Center of gravity (x, y, z) [m] -0.695, 0.0, 3.295 1.27, 0.0, 4.75 5.21, 0.0, 2.74 3.12, 0.0, 0.25
Center of buoyancy (x, y, z) [m] 0.8, 0.0, -6.6 -2.5, 0.0, -5.7 45, 0.0, -24 6.5, 0.0, -2.0
Radius of gyration in poll [m] 16.255 18.78 9.81 6.51
Radius of gyration in pitch [m] 87.082 65.29 43.25 24.95
Radius of gyration in yaw [m] 87.867 65.29 43.25 24.95
Transverse metacenter height [m] 13.51 4.257 5.81 3.20
Roll natural period [sec] 12.255 18.616 9.52 7.577
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Fig. 4 Test setup of FLBT, LNGC and two LNG-BS
kﬂq = kl +k2 (1)

A2 AG S 2As7] Y8 Fig 304 AAZE 72 2
dsle] ALgsAdth 25 F8(Bending) 2o 2L A}
83t P& ASsA AT A9 vhEEE Haslelr]
A% =2dE F88aL Ave AP 92 E ol &3t ¥
< AlFseh 53] An] mde] A FA oA A4 Ad ek

F, =k xAX;
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ule] Ehx o] Ag] H7} 15022 A7) Hg8 Axye
258 2 e ALk

Fig. 49l ZZA A A9l AfFate] X" =
FLBT, LNGC 18|31 ¥ LNG-BS7} £z AX9d 2&5e
3tk =3 LS A28 I FLBT} LNGC Ato] 742 A
F 4.0m, FLBT} 5 LNG-BS Alo] 7+ 2 447]& 2. 7m7) H =
E AlR2te] 7] AEd A 27 4FEe 2™yt
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3. A& A Table 3 Condition of irregular waves in real scale
Hs T Current Vel.

AglA TEW S e FA, BRHD 1elw wA D e is)  Remak
&3 2ol A9 - s 2.0mE 38kl F7] WNT2m 20 5~25 - - White noise
E B 4 F7AY hGF71E 238k Table 23 329] WNT 4m 40 5~25 - - White noise
25 15709 238 AAEATh EEdke] A9 £ FLBTY IRWO1 2.1 602 33 - JONSWAP
Y FRA9 1d F7] 202 A4 347 e t&EE ARt IRWOI-Ve 2.1 6.02 33 1.0 Irr. w/ current
o7 YASAL T FEATL AdAE ekste] JONSWAP
(JOint North Sea WAve Project) 2~HEH S 283} th. WAz
= SEY HAEAE AFE s 8 Tk 2.0m, 4-body 3-body 3-bodyR 2-body

= A B A
Table 2 Condition of regular waves in real scale 5 § g :
<] X
ID w [rad/s] Period [sec] Height [m] Remark AN g1 Ik 5

REGOI 0300  20.944 20 5| | = = 2| =z L=>|z

REGO2  0.338 18.617 2.0 Troll (170 K) - A

REG03 0400 15708 2.0

REGO4 0512 12255 2.0 i L [F] L7 L

REGOS 0571 11.004 20 Troll (FLBT) Fig. 5 Vessel arrangements for the side by side moored tests

REG06 0.616 10.208 2.0

REGO7 0.660 9.520 2.0 Troll (30 K) 4.0mol W3l 7] 5252742 AABIE T, Table 30 ML

REGO08 0.700 8.976 2.0 Gap resonance 5 9 BAst 276 U5 A 0}9& o

REG09 0.720 8.727 2.0 Gap resonance S1SEe FLBT 71202 H4s), A4As) 95 2428 18

REGI10 0.770 8.160 2.0 Gap resonance S, Mol Fute] A HH—/F o] AjH o Ao

REGH 0.829 7.579 2.0 TI‘OH (5 K) LNG—BSE '4_7}_ ?:}A]_g_ 75‘ T'o:_g_;\q 51,51_7]_ 5—]5_7] HH‘T‘OH

REGI2 0900 6.981 20 INGC Wo 2 Yrsle =7u wejsisich. Foke] 3¢ A

REGIS 0970 0478 20 Gap resonance g 2z g ggro] 4s) 7 £40] ¥rlaiths ol

REG14 1.000 6.283 2.0 Gap resonance B =Rods Ane A9

REGI15 1.100 5.712 2.0 Gap resonance FLBTQ’]' 7_}_ Zl'o]j},‘j_‘g-z] HH ] d_‘% lg 594_ 7\51.-01 L‘ﬂ 7]_11
Table 4 Test matrix of side by side moored condition

4-body 3-body 3-bodyR 2-body
Wave 1D Test ID Test ID Test ID Test ID Test ID Test ID Test ID Test ID
[6=180°] [6=225"] [0=180"] [6=225"] [6=180"] [6=225"] [0=180°] [0 =225"]
WNT 2 m 501 601 531 631 531-1 631-1 561 661
WNT 4 m 503 603 533 633 s33-1 [ 563 663
IRWO1 505 605 535 635 535-1 635-1 565 665
IRWOI-Vc 508 608 538 38 [ ses 668
REGO1 510 611 540 640 540-1 640-1 570 670
REG02 511 611 541 641 541-1 641-1 571 671
REGO03 512 612 542 642 542-1 642-1 572 672
REG04 514 614 544 644 544-1 644-1 574 674
REGO05 515 615 545 645 545-1 645-1 575 675
REG06 516 616 546 646 546-1 646-1 576 676
REGO07 518 618 548 648 548-1 648-1 578 678
REGO08 519 619 549 649 549-1 649-1 579 679
REG09 520 620 550 650 550-1 650-1 580 680
REGI10 522 622 552 652 552-1 652-1 582 682
REGI11 523 623 553 653 553-1 653-1 583 683
REGI12 524 624 554 654 554-1 654-1 584 684
REGI13 526 556 556-1 586
REG14 527 557 557-1 587
REGI15 528 558 558-1 588
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*1 AAG A L} o] 2 FfAl o EAuAGEAE

AZ3ET AZ 2 4 E/A12] FA) S4(COG, Center
of grav1ty)€ 71202 kA 9o, COGANA X, Y, Z Wafo=
ozl AR (z,, y, z)N42] X, ¥, Z W& &(x, y, 2,)S A2
ot 4 2)ollA 4 HEFH ALt 5 vk

] o

T, =z =y +20 ()
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t}. o9& E°] FLBTS} 170K INGCE] XAs¥do] th2e2 X,
Y B 59 357} gio]r] wiEol| o] A= 4 (5)elA
21 (D3 2ol X, Y, Z W FNS(R, R R)< Atslok 3
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Development of Sea Surface Wind Monitoring System
using Marine Radar
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ABSTRACT: A wave buoy commonly used for measurements in marine environments is very useful for measurements on the sea surface wind and
waves. However, it is constantly exposed to external forces such as typhoons and the risk of accidents caused by ships. Therefore, the installation
and maintenance charges are large and constant. In this study, we developed a system for monitoring the sea surface wind using marine radar to
provide spatial and temporal information about sea surface waves at a small cost. The essential technology required for this system is radar signal
processing. This paper also describes the analytical process of using it for monitoring the sea surface wind. Consequently, developing this system will
make it possible to replace wave buoys in the near future.
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Fig. 4 Concept scheme of wind speed estimation similar to wave
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: Transmitted power

: Received power

: Radar cross section (RCS)

= Q Ju-v

:Range [m]

. B s
Substitute o = o, -AA atradareq., consequently O, —R
t

From measured radar signal, calculate O ((NRCS; Normalized Radar
Cross Section) and it measures the actual velocity at that time to
complete the estimation formula, as shown below
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Fig. 5 Concept scheme of wind speed estimation similar to wave  Fig. 7 Location of radar installation, light beacon and radar scanning
height estimation using NRCS range
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Table 1 Specifications of marine radar

Length 2.65 m
Antenna Beamwidth (H) 0.9°
radiators Beamwidth (V) 22°
Rotation 42 rpm
Frequency 9375 MHz + 50 MHz
Output power 25 kW
tranzzl::iver Pulselength & PRF 0.06 ps, 3000 Hz
IF 60 MHz, Logarithmic
Noise figure <5 dB
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#e v 5 AT Fig 70 dolth Ax] 2 539 AXE
e X8 otk 27id ¥9& UERiY si4He
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< Table 13 2t}
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Implementation of Heading Angle and Depth Keeping Control of
ROV with Multiple Thrusters by Thrust Allocation
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"Marine Robotics Laboratory, KRISO, Daejeon, Korea
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KEY WORDS: Light work class ROV 4248 ROV, Thrust allocation F=H|4, Thruster configuration matrix F%17] #x] &4,
Redundant actuating system ¥7-57] 4|28, Propulsion system 571 A28l

ABSTRACT: This study deals with the heading angle and depth keeping control technique for an ROV with multiple horizontal and vertical thrusters
by thrust allocation. The light work class ROV URI-L, which is under development at KRISO, is a redundant actuating system with multiple thrusters
that are larger than the ROV's degree of freedom. In the redundant actuating system, there are several solutions for a specific ROV motion to be
performed. Therefore, a thrust allocation algorithm that considers the entire propulsion system should be regarded as important. First, this paper
describes the propulsion system of the ROV and introduces the thrust allocation method of each motion controller. In addition, the performance of
the controller is examined using a heading angle and depth keeping control test in a stationary state.
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HF57] Alz="e] AoEE dstr] g FEuEe 3F
(Oppenheimer and Doman, 2007) % $(Henrik, 2005) ~L1&]3L
8l (Berge and Fossen, 1997; Fossen and Johansen, 2006; Ji and
Kim, 2012) ¥ ZZ5(Garus, 2004; Whitcomb and Yoerger,
1999) Eoprgt ojugl, A-Fal, RPRE, HE EE(Pedrami et
al,, 20097 22 T2 o7 EofE FdiEa e FAoIth ®
3 574 As7)el A LA YA AET)el Alojes AT
ot 8 AR 7PH dal B A7) o] FoX 1 vk
(Shen et al., 2017).

B =RdlAE 10709 #3715 7 328 ROV 67
= 55 73] A% el dis) oAt ok 278
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ROV &&& Alojatr] 3 AA" A7l thaf gt
o421 AHe] ROVE thdog F317] W] JES o83k
&9 FEHE Alol7]9F ROVE /WE 55 Alofstr] 913 &

5 A7) disl] AEsta MA| Alojr] 48 AAlg
47 A= oAl AAElE THdskaL AAIE Aoir]el thE A

< E<lsk] Sl ROVZE ARG dejolA Azt 2 4]

AolE FAlol T3 A3 AH4E 1@

2. Cirol 5| - 28 F77|E A ROV

AL ROVE % AAd ded oadd 244, ZUH
B, AFAE NAE A w3, 24 FARSF 5o Ao| 7k
SIEE /Y 59l FFERECE 1 93-S Fig 134 Atk B AT
o] ROVE 59 ZA4YES 918 =5 Z(Manipulator)S 5ol
270 BAstH o 2 I AlAet FH S A %
ogtt # FheEtel ellw &R Ak AW FAF o]r A A
oF HEP ouA AE gASta Ytk ROV AAFE AR
Table 13 2t} HajHolA F7]4 02 TAYst= 29 =7
£ 2knots(1.03m/s) =02 HUPARLETE 2 Sknots(1.29m/s)
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Fig. 1 Appearance of light work class ROV

Table 1 Specifications of light-work-class ROV

Item Specifications Item  Specifications
Design depth 3,000 m Length 23 m
Working depth 2,500 m Width 1.27 m
Forward speed 2.5 knots (1.29 m/s)| Height 1.3 m
Vertical speed 2.0 knots (1.03 m/s)| Weight 1.48 ton
Lateral speed 2.0 knots (1.03 m/s)| Payload 110 kgf

Vertical thruster
/ 4EA
/ Tecnadyne 1060

Horizontal thruster
/ BEA
/ Tecnadyne 2020

A

/R

Fig. 2 Configuration of propulsion system for LWC ROV

Table 2 Specifications of vertical & horizontal thrusters

Vertical Horizontal
Model Tecnadyne 1060 Tecnadyne 2020
Electric power 2.7kw 5.5kw
Forward thrust 1051bf (48 kgf) 2501bf (116 kgf)

Reverse thrust 651bf (29.5 kgf)

DC brushless thruster
Stainless steel propellers
Analog or RS485 speed control

160Ibf (73 kef)

Feature

(Propulsion system)< Fig. 29} 2o 47]2] 42| (Vertical) F+317]
o} 6712] <% (Horizontal) FX171= T4 5] Ut} 42 g
3 FZ7]= Tecnadyne®] ZH7|1RE FI72 MG AlF
Table 29} ZAth AR AFejolA 2E & o]&sto] AP
7% ROVE| AN FES & Q7] e, 74 5 2
83 FHS §7Fo] A2 4to] FIVE F4F Rt T4
AMZFaL f7gARzEe) tig ZHAlel S SR EGITE ROV %
+EE 7] flaiA e 4ne] FRVeRE ThssAIRE A
ANE=E S48 AN F498 IIHe 43
Fojo] WA= ATt 28a BE F|E 22
2 3ol tis)] ¥g o R AR E EHEES A7V 9
Ql =71

WHE =5 AAHATHLee et al, 2017).

Fig. 3& £ d7l4 o+ A& ROVY HIFAE =AE
Adtoln, 2] F7]9} 9 FX17]& 27 Fig. 4 2 Fig. 59
2ol wiA=Ho] Aok A7|A FF FR7 BAS F olfe
ROV AA|8} F3171¢] 7H43& HAskshr] f1gtelth & A7l
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Fig. 3 Coordinate system of 6DOF ROV
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Fig. 4 Geometry of vertical thrusters
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Model 2020 Thruster
Input Power & Thrust vs. Propeller RPM
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Fig. 7 RPM vs. Thrust graph of horizontal thruster
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Table 3 Specifications of heading and depth sensors

Heading sensor (Advanced navigation spatial FOG)

- Included accelerometer, gyroscope, magnetometer
- Accuracy
Roll & Pitch : 0.01°
Heading (north secking only) :
Heading (GNSS aided) : 0.05°

Depth sensor (Paroscientific 8CB400-I)

- Operation depth : 4000m

- Measurement range : 40 to 20,000 psi

- Accuracy
0.01 percent of reading above 200 psi
0.02 psi at lower pressure

- Calibrated temperature : -2 C to 40 C
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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,New York.

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 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’ Checklist

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’.
vhol o] ek W BEH 9R/b A Shelstgisy .

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

g Fe) A BAAE QYo o Azt

ol R

- A3 W

F

71 A5

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 year(s)).

O e 250] 1) 128 A9 74, 38 23 9 222 238kl &S st on, 2) 30050} 1 2]o]
ol TAE LS Belstglon], 3) FuEHE ZeHA A $eS SItASUTH (B Lol Py
3 Al 7).

I provided 5 or 6 keywords.
e 56709 A1 YES AgskS T

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,
0 10) Reference, 11) Appendix, etc.

Ue dart g9 AR AR NEE FAstdsUTh D AlE, 2) AR, 3) 7195, 4) 25, 5) 715,

6) A&, 7) 2 G4, A, AYh A=), 8) 28, 9) F7IAHD, 10) FAIZ, 1) #5855

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 s mE e 2%l de) flo] i Hel(EE Ju) 4B 2 deRd & RS A9E 198 A8oie
&2 skt gy

0O I checked all table and figure captions were written in English.
Ut 930 BE E ABT a7 ARe GRo A4S AstdaUtt

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

B BERAA et SANE E WE 9 7 MEs A3E9eS Selstag

I checked abbreviations were defined at their first mention there and used with consistency throughout the article.
O s 9% o2 9ue] 3 ) Agel A goatgon], olF UnelHt AT A2 AEHALS
solatod ST,

I checked that references were in the correct format for the journal (See ‘Guide for Authors’ for details).
Ues B2 Faede] £ A Faedd #7IHAA 7hol= x)ol mebA 2= a5 Shelstdsyth

I checked all references mentioned in the Reference list were cited in the text, and vice versa.
0 Y= ‘References’o] EA|st= HE FIAEHS Y1 oA dAgEon, vitj2 93 2Eo AFH
= FAEFS ‘References’ o] E7]%SS 2elstGUTh



O

I checked I used the international system units (SI) or Sl-equivalent engineering units.
U ST R ER Betdom guoll WeAS AestaeS Slstaayth

< 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).
U B 9130 vhgo] 22, Tl sl 50 Aofat e A Sof Al ARlo] g Selsiy

i)

Y.

I checked when the work described has been published previously in other proceedings without copyright, it has
clearly noted in the text.
LR 2 flme) yigol o] g eAge] AN B ol AnelAl HAskESS Helste

ji)d

U,

I checked permission has been obtained for use of copyrighted material from other sources (including the Web)
U e m@ste] wlo] Uk AR A 57HE SUYh

I have processed Plasgiarism Prevention Check through reliable web sites such as www.kci.go.kr,
http://www.ithenticate.com/, or https://www.copykiller.org/ for my submission.
Loy w4 fAE A4 v F Rustasyc

1 agree that final decision for my final manuscript can be changed according to results of Plasgiarism Prevention
Check by JOET administrator.

U] HFi w=2of tiek JOET AA| ARl =it 4 A A= Aato] upet 2F wo] ¥Ad 4= Atk
ApALe] ol g,

ol

I checked minimum one author is member of the Korean Society of Ocean Engineers.
L AR 190 o)yl gEslorEtelel Blude Selstagyth

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

U A48 daedat S Fddlen, e e Aok

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.

Ue s daetxe] Az Aol Fofsi, Axd HATAAE AEsHlsYTh

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

U AMRE dstgon, BB A B33 & AYRES gsasyt,

I have read and agree to the terms of Author’s Checklist.
< AR AT AE Be 23S dESIROH, Be 230 stk

Title of article

Date of submission : DDIMM/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 himv/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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