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Grid-Based Set Point Generation Strategy for Position Control of
Dynamic Positioning Assisted Mooring System
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“Department of Naval Architecture and Ocean Engineering, Dong-eui University, Busan, Korea
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KEY WORDS: DP assisted mooring system DPX.Z &A1 228, Tension reduction control &8 7440}, Grid A4}, Set point H3& A4,
Fuel consumption reduction 15 4AE7FA

ABSTRACT: Unlike typical a dynamic positioning (DP) system, a DP-assisted mooring system must determine a set point (SP) that can ensure
a mooring tension safety range to prevent an excessive increase in mooring tension. In this paper, a new algorithm for determining the SP is
suggested in order to reduce the tension on all the mooring lines. To determine the SP, a working area around the vessel is represented by a
rectangular grid. Thus, the size of the grid area is limited considering the offset of a vessel with a mooring system. At each grid’s nodes, the
resultant tension from all the mooring lines is estimated using the time history of the tension and vessel’s position. The results of static analyses
for each grid position are used to estimate the global tension. Consequently, the SP is automatically selected as a position satisfying criterion for
minimizing the total tension. In order to validate the suggested algorithm, a motion simulation with the control system in the time domain and a
discussion of the results are presented.

1. M = ske @749 EYEdE G=54< DPAEE A= A

BT} DPEZAIFAZEHS AR Zo] FEHds EArh
ol &= F-74 Y TEEY AXTAE AR o]21%t DPRZAFA 282 @522l DPA~RIF 22 AR
& o] &g AF/AIZEH F7|Y FHE o8 T8 AARF Y FHEE mEEt Ao FEH Set point(SP)E 8=
A A 2=l DP(Dynamic positioning) AlZ~Elo] €tz oz ALE  Fo] "Qsict welba ks yakdse BAslr] 9lshe] Sp
F|31 U}t DPRZAFAIZEI(DP assisted mooring system)- Al € AFA RS A FRE] YRS - HY Wl A4

FA| =6l 7} DPA| 'S A3 Fe|2H, F3ke] =70 A 2 F A= AR FHofolgt Stti(Nguyen and Serensen, 2009a).
AFA2RETNOZE XA 75S HAs| 74T 5 s Barth Berntsen et al.(2008)= AlF412] 41 =2 4(Reliability
o, YA AAFAANZRETG 53 AXFAL TS AT Index)E 0835t AFH O R AFEATE 58 Heol 1A
439 2 A F e SP AloEE AlQbskaT) o] WHEE ARESE Ao
_?_ z

_{

frad S FEEIRAS R Al faE = ABEASE ASae] AR 2D GAE AR oD A
ASE AR PIAE TY S Aok A A R ad ol £ Q4D Fe) FAY kol 4B EVAR P
Kim(003)& 54J0] Wl e A9 2 Sge] B4 Aol AXush @ FUsE 1P 4 ke wHol Ak

Received 1 January 2019, revised 19 February 2019, accepted 22 February 2019
Corresponding author Seung Jae Lee: +82-51-410-4309, slee@kmou.ac.kr ORCID: https://orcid.org/0000-0001-8992-6915
It is noted that this paper is revised edition based on proceedings of Fall Conference of KSOE 2018 in Incheon.

(© 2019, The Korean Society of Ocean Engineers
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.

99


https://orcid.org/0000-0001-5051-9415
https://orcid.org/0000-0002-4469-7765
https://orcid.org/0000-0001-8992-6915
https://orcid.org/0000-0003-1800-2277
https://orcid.org/0000-0002-8229-6655
https://orcid.org/0000-0002-8229-6655
https://orcid.org/0000-0003-1800-2277
https://orcid.org/0000-0001-8992-6915
https://orcid.org/0000-0002-4469-7765
https://orcid.org/0000-0001-5051-9415

100 Sol-Mi Choi et al.

Nguyen and Serensen(2009b)= SP A& it A4
Azl o7 o] Aistarl lom 53], A @A Al
F A" gigs BAE] 93 RH0 % SpE of
7PAl Al oketE Az o] WS A AlFA=H
of Qhie BAT 4 Jon} HEF AR ARE FUE 5 9
= 7hFsAel EA%t

2 dFolMs sPE AAs] flste] F2Ee X9 Y

: bg AlbEISIT Aol 71
SPE AAsh= HETS FAASIHRL
AT AGAEE 4 1
A

ot
[}
o
o
oo
=
o}
8
Rl
M I
O]I,

ol

q fr
o
i
o
2
rO
S
52 o
£ o
Hi U

o)
)
flo
o
oo
o
2
4
1>
flo

i
:?l;,"
Y
2
A
32
o
H
)
s
o}
i

[e)
=4 AFA=EHY AH g Faste] AEEATH
02 SP= F 849 FH

O N oro o & H ot (B
4
BN

©
N
ox
L)
3
o
2
>
it
&=,

. ofN
tlo X

o 7wk AutEgie olA
4 B ATNE TRE BF WS AR YT A
AARE Fig 19] Ao AT Axjolr] Axte] F49IA)
= xRl A7) 9IRS Uehith FAARRE Fig 10] HlZo
= B9 ARolth. FAARE olEshe TR AA9IX)
FHo2 G457 s o)5el we} gelol s o]t

ih)

@ Pi(x;—1,y;—1) : Past position
> Pi(x;,y;) : Current position
@ (x'.y") :arbitrary position in local grid

|
1

P b~

N

Global grid ™ Local grid
Fig. 1 Schematic of grids

T 7Y AA 2= AFAZ=EY XA F(Watch circle)S
pHsle] HA3AT ol SPE AFE & e AAE HA
Z U= Agste] AAA o] AA NN BT F Ae AFA=
Ho] A5 AFEdess YA g FZ ol
2.3 IAE AMAY

23.1 478 W

TaEe FREY AT X 9 ZE Fol& o]t A
2 Qe fdolth wEbA AlkE At AMEE R "
A 2 (DFHE 4 @)l 24 BojEnen, 22 A XA
9 A R 283 A FE L A ZFEE vepdck #3A
9} AAjo] HAZ 7|Hto g I o] FZEEZE o]E 9|3
AA et Ao AAE 42 4 (5)-(6)2FE BostArt

P, =(z,y;) (i= time step) M
Py =(z,_py,_y) @
T, =7, T+ T,]7 (n= the number of mooring line) 3
Loy =15, e 10T @
{szac;xi,l} ®)
AY=y; —y;

AT =(T,),— (7)), -, (©)

232 =24y Arted

ARl z=Ee] Ze HEE o]sr gl i ¥ o= 7Hst
i 2 (NS Sl FEEo] AAL HARA BAe] A7HA
FeiAEY & AEWstEs Fo)d 4 vk 54%EA
4 gojd fx|oh A WS Jvew SA4AA
ARA BEe Artele Aotk webA 4 (7)o &
WSEEERL Unit T, Unit 7,9 =2A7e] 91219 A
o] AAE Fohd FaA4ze] 24 fA|oA e AHe
T Stk Fig. 19 o= HAlE a2k o] 914
(«,y) 2 7PE3HE 91%] W= 2] (8)F 2ol A & 2
-2 (9F B AARAR] (A, Ay)E T s
st g AA oA A (7, 7), & FFE F
yEe] A A (10)0l whet kst 3 AR
P FAAHEOE AREAT & dFolAE A5E &
17} obd SRS 1Y) 98t A (1003 2ol =, y

2
o

A e o rn f;l ot
N 1% fo rlo

© Lo

?}

o 1

==

©
Ly sz
N

< skt A (07Hs HaARke] g 91
A sl ARl o ZEFSIgolth mEkA 4 (10)
AfAde] Aewd whs AstEn zk AlRAdeie A
e HAFHOE A (1S ol &sto] = & A
SPE TEES AEC] ohd AARF BE FUE 9

e

S R T R

=Y F A= SPE AAHF 5t 4
} Ao AHE 25 ol 4bEsh

etk



Grid-Based Set Point Generation Strategy for Position Control of Dynamic Positioning Assisted Mooring System 101

. AT, A AT,
(OnitT)), = y (Unit 7;)” = Ay (@)
(Az, Ay) =& —2,_ .,y —y_,) ®
(7, 7)), = ((Unit T,), x Az, (Unit T)), < Ay) ©
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24.1 3G AFAIZE
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(Floating production storage offloading)°]™ LA Table 1
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system)e 83191 A 8 HHE= Table 201 YERIA
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Table 1 Main dimension of model structure for simulation

Description Magnitude Unit
Lpp 244 [m]
Breadth 50 [m]
Draft 18.6 [m]
Displacement 163215 [m’]
VcG 185 [m]

Table 2 Configuration of mooring system

Details Configuration

Type of line Catenary

Composition Chain-wire-chain

Turret

40
Foot print size 4*(Water depth) 10 o
iy 13 1

243 wa7E AL AEdold A
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Az} FEA)] AR 558 95t 1025 A HAT 9110
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Fig. 2 Sampling time of tension at line 3

Tension [kN]

Line 3 tension

Table 3 Local tension simulation at 9110 s and 9120 s

Time 9110 s 9120 s
(t=i—1) (t=1)
Position [m] ‘ %0 ¢
Yy 21 2
Line 1 504 1114
Line 2 506 1107
Line 3 508 1100
Line 4 511 1093
Line 5 708 984
Line 6 716 986
Line 7 725 988
. Line 8 734 989
Tension [kN] Line 9 2203 1172
Line 10 2263 1178
Line 11 2203 1172
Line 12 2385 1188
Line 13 1870 1267
Line 14 1792 1267
Line 15 1715 1266

Line 16 1641 1265
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Motion Reduction of Rectangular Pontoon Using Sloshing Liquid Damper

II-Hyoung Cho®"
"Department of Ocean System Engineering, Jeju National University, Jeju, Korea
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KEY WORDS: Sloshing liquid damper €24 dA| 95, Rectangular pontoon AHt8 EE, Motion reduction &% #7, Model test =

& A%, Resonance &3

ABSTRACT: The interaction between a sloshing liquid damper (SLD) tank and a rectangular pontoon was investigated under the assumption of the
linear potential theory. The eigenfunction expansion method was used not only for the sloshing problem in the SLD tank but also for analyzing the
motion responses of a rectangular pontoon in waves. If the frictional damping due to the viscosity of the SLD tank was ignored, the effect of the
SLD appeared to be an added mass in the coupled equation of motion. The installation of the SLD tank had a greater effect on the roll motion
response than the sway and heave motion of the pontoon. One resonance peak for rolling motion showed up in the case of a frozen liquid in the
SLD tank. However, if liquid motion in the SLD tank was allowed, two peaks appeared around the first natural frequency of the fluid in the SLD
tank. In particular, the peak value located in the low-frequency region had a relatively large value, and the peak frequency located in the
high-frequency region moved into the high-frequency region as the depth of the liquid in the tank increased.
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ABSTRACT: Among the various wave power systems, Salter’s duck (rotor) is one of the most effective wave absorbers for extracting wave energy.
The rotor shape is designed such that the front part faces the direction of the incident wave, which forces it to bob up and down due to wave-induced
water particle motion, whereas the rear part, which is mostly circular in shape, reflects no waves. The asymmetric geometric shape of the duck makes
it absorb energy efficiently. In the present study, the rotor was investigated using WAMIT (a program based on the linear potential flow theory in
three-dimensional diffraction/radiation analyses) in the frequency domain and verified using OrcaFlex (design and analysis program of marine system)
in the time domain. Then, an experimental investigation was conducted to assess the performance of the rotor motion based on the model scale in
a two-dimensional (2D) wave tank. Initially, a free decay test (FDT) was carried out to obtain the viscous damping coefficient. The pitch response
was extracted from the experimental time series in a periodic regular wave for two different wave heights (1 cm and 3 cm). In addition, the viscous
damping coefficient was calculated from the FDT result and fluid forces, obtained from WAMIT, are incorporated into the final response of the rotor.
Finally, a comparative study based on experimental and numerical results (WAMIT & OrcaFlex) was performed to confirm the performance reliability
of the designed rotor.
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APAFA M= Salter's ducke] ZEJQ] Tiekst A WHE4E
A AF AR Y SIS FL /55 EE ZEE

A8+ ThPoguluri and Bae, 2018). ¥ AToA = o] A=
HIE O 8 24 (Model) S ©]&3F 2x}% zirx AEE
gt o5 FAEA Y AR} nlw BA gk AAE
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& 32 /AL T2 90 WAMITS ©] 88t T3k
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RAO (Response amplitude operator)& E=Z3+] WAMITS] A&
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(a) Photographs of model

Fig. 1 Experimental model

Exo] 2 A A=A EMoment of inertia)2} 52| &
A (Restoring force)oll o3l AA =™, 2 (1) o] AN &
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I+
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o171 WA IRV 417t 2 neHA e i)
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TV B RHES} AH BAAGSE WAMITS o]g3lo] 445

H AIE AL, HFHor RPLP AHE 2E 9 A
9 2D EAS Table 13 Z2H Fig 1(b)ollA &2l 71538}

Table 1 Specification of experimental model

Unit Value
Radius of the stern m 0.182
Diameter of hole m 0.34
Depth of axis m 0.1455
Width m 0.455
Length of beak line m 0.431
Beak angle °(deg) 60
Total mass kg 13.65
Center of gravity (x, y, z) m (-0.0931, 0, 0.0998)
Moment of inertia (pitch) kg'm® 0.7479
Pitch natural period (undamped) ] 1.53

A R e zﬂ%ﬂ%ﬂm 2x} Zapezo| A AAEAL <=
= Aol < 7 $42 0.6me]t}. Fig.
Al :rL”‘éE% E@]—?E .

oz A Zolle 92E B 237](Wave maker)7}

Depth
axis

iameter
hole

N

adlius of
stern

(b) Schematic sketch of model



118 Dongeun Kim et al.

9.5m 9.1m
- - — E———— at e—————— —>
-
Wav. K Support
4vemaxer ‘Wave gaugel fixture Wave gauge2 Ahvors
T // // sorber
O.GmI % ¢ Model ;:::::::5"
7

Fig. 2 Schematic sketch of experimental set-up (side view)
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< Side view >
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bl = AR Al9A(Radiation damping coefficient)E, v =
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2 209 FRE (4, +a) 2 e T 2] @-(5)% 2o] Ho
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£+ 2wé+ufe =0 ©)
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22X
- \/ \/ time[sec]

§(0) [rad]

v _
$1
Fig. 3 Time series data obtained through free decay test

AAG AmE G4 21 7He olgslel AT Fig 3
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BAEEE 8 T e 8JAES HUg uilA S Aolth A
A AR ZFE Zero-crossing HH2

(TYE, 2 ®)F 2o] a4 os 4Hl(s)E =3t
(Journee and Massie, 2001).

&E—&
(54 65) ®)

2 (8% olgstel &3 ZANE 2 ()3} AYsk A
S 5 ANG = Ak of W), RAlEF B RHE,)
o} A EdAG(k;)= WAMITS.Z FE Atsd ds & 3
24 AFF7N5)NAS Fs R A8tk vz af
F7] 2 1.53s0)th &, AA| ZHAIF bl A WAMITS ©]§
skl A=E WIZRA afFllAle] AREAI() B
wjEo] ZAFA Sl HAZAAF(HE AUk 6xtEle] Azt
23l gk A= Table 29+ 2

Table 204 2717 =9] o= ()E w7l 9 olgE =%
< o, HY Wt FH AE SHE HE oudh T =

Table 2 Specification of experimental model

Intial Damped Damping Viscous
No. angle  natural period ratio damping
() (7y) (r) (55)
Unit °(deg) ] - kg/s
1 -40 1.57 0.0960 0.5062
2 -31 1.54 0.0921 0.4757
3 -16 1.51 0.0893 0.4538
4 -13 1.53 0.0928 0.4812
5 +18 1.55 0.0849 0.4193
6 +40 1.58 0.0890 0.4514
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Numerical Study on Flow Characteristics Around Curved Riser
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ABSTRACT: The flow around a curved riser exposed to the current in various directions was investigated at a Reynolds number of 100 using a
numerical simulation. The present study found that the flow features of the curved riser were distinct from those of a straight riser as a result of
its large radius of curvature. Namely, there were various wake patterns according to the flow'’s incident angle. As the incident angle increased
from 0° to 90° a two-row street of vortices that developed along the centetrline of the curved riser became more apparent. However, when the
incident angle approached 180° from 90°, these vortices were completely suppressed by the interaction between the wake and an axial flow induced
by the curvature of the riser. To identify this feature, the sectional force coefficients were also considered, and it was found that the force
coefficients could be different from those found in a sectional analysis based on the strip theory when investigating vortex-induced vibration. As a
result, this kind of study would be important to realistically estimate the riser VIV (vortex-induced vibration) and fatigue life, and a new force
coefficient database that includes the three-dimensional effect should be established.
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Fig. 1 Schematics and coordinate systems of the curved riser
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Table 1 Comparison of flow quantities with previous results at Re =100

Authors (Year) G q St
Present 1324 0227  0.1648
Park et al. (1998) 1330 0235  0.1650
Kravehenko and Moin (1998) 1320 0222 0.1640
40D gy et al (2004) 1318 - 0.1640
A Mittal (2005) 1322 0226 0.1644
(no-slip) Stalberg et al.(2006) 1320 0233 0.1660
’ Posdziech and Grundmann (2007) 1325 0228  0.1644
’ Li et al. (2009) 1.336 - 0.1640

’ \jﬂ/x Qu et al. (2013) 1319 0225  0.1648
Y “

|7
Q,
O,
(y
i3 /'7/81.

C, : Mean drag coefficient
G : Root mean square of lift coefficient
St : Strouhal number

Fig. 2 Computational domain & boundary conditions
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Table 2 Comparison of force coefficients with those of Miliou et

al.(2007) for convex case at Re=100

Type Coarse  Medium Fine Mﬂé(z)go% al.

# of Grids 3,020,970 5,440,168 12,037,906 -

Cx mean 1.158 1.162 1.162 1.221
C¥.mean 0.000  0.000 0.000 0.000

Cy mean 0.308 0.310 0.310 0.329

Cx. mean: Mean force coefficient in the X-direction

Cy hean: Mean force coefficient in the Y-direction
Cy mean: Mean force coefficient in the Z-direction
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KEY WORDS: Roll motion #58 2%, Roll-heave interaction 85 8-43t5 A4, Viscous damping A3 74l, CFD Z4HAI€3),
Regular wave 7f2 3}

ABSTRACT: This study focused on the roll motion characteristics of a two-dimensional (2D) rectangular floating structure under reqular beam sea
conditions. An experiment was conducted in a 2D wave tank for a roll free decay test in calm water and the roll motion in a range of reqular waves
with and without heave motion to investigate the motion response and heave influence on the roll motion. A numerical study was carried out using
Reynolds-averaged Navier Stokes (RANS)-based CFD simulations. A grid convergence test was conducted to accurately capture the wave condition
on the free surface based on the overset mesh and wave forcing method. It was found in the roll free decay test that the numerical results agreed
well with the experimental results for the natural roll period and roll damping coefficient. It was also observed that the heave motion had an impact
on the roll motion, and the responses of the heave and roll motion from the CED simulations were in reasonable agreement with those from the experiment.

1. M = < A A FFo R st A3 vy §A4E VI wer

A B A4 aae) fAEYsts B A, B &
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Fig. 1 Schematic illustration of 2-D wave tank
Table 1 Test conditions for experiment and CFD
Case 1o, Wave period, Wave frequencies, o/, Wave length, Wave height, Wave steepness,
T [s] w [rad/s] A [m] H [m] H A
C01 0.8 7.854 1.250 1.00 0.043 0.043
C02 0.9 6.891 1.111 1.26 0.041 0.032
C03 1.0 6.283 1.000 1.56 0.044 0.028
C04 1.1 5.712 0.909 1.88 0.041 0.022
C05 1.2 5.236 0.833 221 0.043 0.019
C06 13 4.833 0.769 2.56 0.053 0.021
Co7 1.5 4.189 0.667 3.26 0.057 0.018
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Table 2 Test cases for mesh convergence ( A

=15 m H=004m T=10s5s)

Case name Mesh A/ Ax H/Az T/At no. of meshes
MC Coarse 100 22 333 378,800
MM Medium 130 29 500 673,348
MF Fine 195 44 666 1,245,744
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Fig. 8 Comparison of motions in time domain (7=7y=1.0 s,
H=0.044 m)
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Fig. 9 Comparison of motions in time domain (7=7y=12 s,
H=0.043 m)
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H=0.043 m)
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ABSTRACT: It is important that an MGO Chiller System, which is one of the sulfur oxide emission control technologies, is designed to meet the
fuel temperature requirements, even with sudden engine load changes. Three different control algorithms (PI, Cascade, and MPC) were applied to an
indirect MGO chiller system to compare and analyze the outlet temperature dynamic characteristics of the system through a case study. The results
showed that the MPC control method had the best temperature following characteristics in the case study, and the temperature deviation range was

reduced by approximately 5% compared to the PI control method.
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for

IMO : International marine organization, = A3 A7 ]+

SOx : Sulfur oxide, F4FsHE

MEPC : Marine environment protection committee,
SR 5 93

LNG : Liquified natural gas, B3} A7 2>

MGO : Marine gas oil, "}&7}2=2

HFO : Heavy fuel oil, I3

PI control : Proportional-integral control, H]#]-2]34]o]

Cascade control : TFEHA| o]

MPC control : Model predictive control,

SP : Set point

OP : Output percent

PV : Process variables

Bl SA] 0]

LMTD : Logarithmic mean temperature difference,
HFE 253} [C]

1. M =2

A A7 ]THIMO, International maritime organization)= 3l %
3174 2.5 9] 3| (MEPC, Marine environment protection committee)
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gtk shd Sox ¥iE Aol th-&38k7] $18] LNG(Liquified
natural gas)ASAME, 87|72 AR A X|(Scrubber), A3+
FH(MGO, Marine gas oil) 53 22 s t-§ 7& =, ATS
& Age =7} vk H]J—_ﬂ_?@l T3l al H) 8o] Yok Ao
2 HZ AT /M Adsske R heEd itk 1
Y} MGO= 40ColA H=7} 1.5~3c¢St2 IL-F3HHHFO, Heavy
fuel oil)oll HI3] wl-$- oA <A PF Foll FUEHE 2¥9
AT E HA 2Stoldo 2 A= F AEE 3= MGO chiller
AA7F Dttt olu, Axle] Ral WA wke} MGO chiller®

ST 257F 2Tl s HE A Al2~Ee] g-8&EEs
AAE Fen2 A 2EA TA HoUX EES 25
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Z Aojst= Aol F23ltHKang et al., 2010).

MGO &7 2% A& 34 Ryu(2013)2 3-Way valves}
sytznposf ~EiRlS FU1sle % Ao A5 RSk &
o2 2% Aoyt 7Hes AA Wzt Wl MGO cooler system
& T3 3, Kang et al.(2010)2 ti ol A= HFOE A&t
Tl A= MGOZ A8E W A|3= Fuel change system®l] £9]
7F= MGO cooler®] &7 Ao 54& HIISIATE Lee et al.
(2011)2 28 W2zt %21 MGO cooler system®l| Sk7F2=Hl-o a2~
gl AARABRE FTlete] F3F \E Ad=E f7]3
o] 7FestEE shaith A8 AFE] B2 Ao Wil
Pl(Proportional-integral control)A|ojoll 3+ Aol F7}2Q1 AdH]
£ Edafordtth= A7 Aok B3 §43] A F8brt WA
2 o MGO &5& Aloshs d7te 2olir] ozgth stz
o] Tl 9% 25 AlojEnt ofg} Ao W & 2
5 Ao #F AFE Hasith Ao} 7S & o, YRy e
2 Fo] HEE+= Pl Ao o]l Cascade Ao, MPC(Model
predictive contro) Aol & S FA o wet /LR Ao 7IHE
o] ATHQIn et al., 2003). Pour et al.(2007)& 37}A Ao} Larg]
& W7 4ol A5t FHAE HlwskT

£ AFE HYSYS modelingS 53+ MGO chiller Al
TS & 27 WA g thddt Alo] duEEe] - %
Aol 54 EA8 87 25 20 0T E WA= F

=
= jL
o) Ao} /Me e AS BE Fh

2.1 MGO Chiller System

MGO chiller= W7+ Rl we} 23304 WarzHleos
TEE e, & ATl = ol Fig 13 Zo] & A
o] EAdo] £ 1 B2 W4 MGO chiller system= 123}
t}. Service tankol A Y& ¢F 45T 2] Hot MGOS MGO chiller®]
A At d wEE AlA 3eStell F-EdhHE 18T 7R st
ol AXoA Q7EH= MGO 9E A& ISO 8217;2017(ISO,
2017)°) &3l 40C Y w), H& 2c5tY] HEE A= AL 2T
3t 912U Port operation ©]F ol 4 A=E AN ok 1]
ol 3cStolde] HEAA MRS AFsrE At wet
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A 40ColA 2eStE 7HAE MGOE 3cStE THE7] 218 MGO
chilleroll 4 18C 744 WZFAIZTHKjeld, 2009). Wvl= AHEH =
e Wl o3l Wze] =m, Wl Alo]E-2 On/Off Aloj=
o] Ho| FF BT 57t 8F LEHTF &S A W A
o]ZF9] Compressors ZEAlA 25E WF1, & Adde

Compressorg 2+& A A Zth.

2.2 Mloje| BF

Cool MGO2] 2%(PV, Process variables)E 87 =5(SP, Set
point) 2 WZIAIF17] s A HS(FW, Fresh water)e] o] =
At §3E 24357 9% Alo] HHORE the3 22 Ao
dag]Fo] AHH AU

Pl(Proportional-integral control)#|©1+= Feedback control®] & ¥
H(Astrom and Haggland, 1995)2.24] o]gto] ¥AYsHH PV} SP
9] 2RI e(t) & 7122 of) 4 (1)3 Z©] OP(Output percent)
£ T3 HDoyle et al., 1992).

K. t
g T‘/Ue(t)dt )

KE HlE 424 olF F7A71 SPeke] OffsetS 2
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o] Atk 7= A& AT EA Errordt 553 FUHE ol skt
a3k Ao R AHojHr) & IA AAsHAE & ol FHo
A S AZe] Foluut PVEke] spoll 2 & S WE
83| &7 dfoF FTHChoi and Jeong, 2016). PIAlo]E UHEA
o= 7P wWol AMSEE Ao ¢aglE oJARE WME AloE
a7t 4 g0l F& A-Fole= Overshooto] TAE 4 3
the @do] dth

Cascade#| &= 12} Controller®] &3 A5l 9]} 22} Controller
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o] lo] ARA AREE AR 5 Hstgo| g {3 W
35l we} SP7F Wso] HA off Fig. 29k o] AT
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Fig. 1 Schematic diagram of indirect MGO chiller system
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Fig. 2 Flow-temperature cascade control algorithm
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Fig. 3 MPC control algorithm
& "olErh

MPC(Model predictive control)= I} 2] dlo]E| 2 ®HE A4S
T35t HA9 Ao} g& dPsh= Ao dagEoE Af
2ot 318t ZWMEA Fo| AREHE Aol 7IYHelthQin
and Badgwell, 2003). MPC controller= ¥ AlZt o] 9] ndllS
71Hto 2 3t Inputat-s Ui O R EEsh= WHoEA 54
gk )2t WA Al Overshooto] HAYSEA] a1 w2 A SPol| ~HE
I JEE 3= EA0] H(Tuan et al., 2017). Pour et al.(2007)
2 MPC-PID cascade A& $19] Fig. 33 o] T3+ 7|29
Ao ¢a2]EF vl T MPC-PID cascadeAl| o= A 2] SP
7} Pvell oju g Faks A I At 7158 st ol &
Hrgste] HAe] v SPEkE fradhe W olth o|F o] SPEk
< 7FA 2L PIDA|Y1E Al33tA] Fth. MPC-PID cascade A o= £
ol g 25 WHslE-S WA AAEHAL o]F ¥Fst Alols
3= Feedforward control®] gt 50|t} MPC-PID cascadeA| o1&
Direct MPCA|o} Bt} &5+ =2]A| 9t Overshoot”} HA3HA] oF
3, & Ao] Fazo] XEgE W o|th(Lee et al., 2000).

23 dA 7|E
olglo] Fig 4+ &Z273<Q Aspen HYSYSE ©]&3to
MGO chiller system< Dynamic modelZ 733+ ZHo|t),
Modeling®ll A8 ZEl¥4 2(EOS, Equation of state)< Oil
& Gas, A 318 HofolA 71 @o] A8E= PR(Peng-
robinson) & ARE-3IA . ZF AH|EL Steady modelS F3] &
H] Ate] & stalom Al Bad 782 Table 10 st
STt oA W Alo]ZoA Wull= Bvaporator 7oA X
5}%57] “deio] 1L, Condenser ST-oll4 Z3}Y Fejoltt. T2t
AA Gl AtolEellAe AgsAl E3157], Z3ld HEIE A
ofgtr] ofEa, Hij, Aul, WE A dHASE AL F
© =22 Compressor®} Expansion valve?] Fthof 10C 2% npxl
£ 75t BeH o R HAISHATHBoles and Cengel, 2012).
HYSYS simulation-S T Ed9] 2/4do] whe} Anle] 7]
oF EAA7F gtk wEbd 3 W tid B 245 A
gatAl AYshe Zlo] Fastth 18u MGOS| =4 &
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Table 1 Assumption

Assumption

Min approach 5 C

No phase change : LMTD 10 C

Pressure drop : 0.33 kPa (Shell, Tube side)
Adiabatic efficiency : 75 %

Equipment

Phase change :
Heat Exchanger

Pump Heat exchanger pressure drop considered
(Pipe not considered)
Compressor Adiabatic efficiency : 75 %
Valve Isenthalpic process
Vessel Volume : 1 m®
Refrigerants R-134a
MGO CioHz : Ci4Hszg @ CigHss @ CigHs

04 :0.09 : 048 : 0.03

—
V108
ﬂ' —
= ‘ Compressor £
l &r — ~§
Hot MGO M(?O 2y
MGO  pump Chiller| Evaporator
- ——— Cooling SIW
F. water - =
- Pump pump Condenser
FIC-10
B I - » -
Cool -
Expansion
MGO Valve

Fig. 4 MGO chiller control system
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ALZ T8t 7M. 1308217:20179] w2 DMA
(Distillate marine fuel grade A) 9& 7]F 40CY v FHA o)
2~6¢St, 15CY w] Wx7} 838.2kg/m?®, BIE o] 0.48cal/g-C o]T}.
7Hg% A8 F= 40CY w) FHA0] 2.35¢St, 15C Y o =7}
838.2kg/m’, H]E o] 0.471cal/g-CE MGOS} FAFSIC)

24 {4 mztlH
zay 21101 U 2w WHElES 1Y) 98] Master A|o17]<
< 717} 13.1, 4.52 PI, Cascade, MPCA| o]
25 Wzl FFF

Cascade Xilcﬂ—t— Delay 28-S A&3lo] 284 23 dA) &
= Hlaske] Spof| WEA =EEES 31310, MPC Aol
(Process gain value)<} 7, (Process time constant value)E 2%
’\475 3}l Step response lengthS 15022 3t = 150712] Model
do] o] SPE oS3tk

step response S

2.5 Flo|x Ao

B Aol Azle] Fah WEe] Agh B2l (Wirtsilid engines
12V50DF)9] &3 2715 F=3te] 54 F-3} HE ol -2 Normal
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Development of Doubler Plate Design System for Ship Structure
Subjected to In-plane Combined Loads and Lateral Pressure
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ABSTRACT: A design system was developed for the doubler plate of a ship structure simultaneously subjected to in-plane loads and lateral
pressure based on general dimensions and those of a representative ship structure. An equivalent design equation that considers various structural
design parameters was derived by introducing the equivalent plate thickness theory, and the design of the doubler plate reinforcement of the ship
structure was developed. A hybrid structural design system was established for a doubler plate simultaneously subjected to in-plane loads and
lateral pressure consisting of two modules: an optimized design module and a double plate strength & design review module. The practical
application of this design system was illustrated to show its usability. It was found that the design safety of the doubler plate was ensured, and
this system could be used as an initial design guide to review the double plate reinforcement for a dent or corrosion of the ship plate members.
Using the developed design system would make it possible to obtain a more reasonable doubler plate structure that considers the rational
reinforcement of plate members of ship structures. In addition, a more reliable structural analysis using a strength evaluation process can be
performed to verify the efficiency of the optimum structural design for the doubler plate structure.
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Table 2 Normalized buckling stress & slenderness ratio correlation
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Fig. 5 Design system of ship plate member for buckling strength
(initial stage)
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Fig. 6 Design evaluation system of plate & doubler for buckling
strength of ship structure(initial stage)
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Fig. 7 Design system of ship plate member for buckling strength
(final stage)
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Fig. 8 Design evaluation system of plate & doubler for buckling
strength of ship structure(final stage)
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ABSTRACT: Welding often results in welding distortion during the assembly process. The welding distortion of thin-plate structures such as the
living quarters of ships and offshore installations is a more significant problem than in the case of thick-plate structures. Pre-stressing/heating and
fairing, which are additional works to mitigate and control welding distortion, are inevitable, and the construction planning is accordingly delayed.
In order to prevent welding distortion and minimize the additional work during the assembly process, increasing the plate thickness and/or the number
of stiffeners may be a simple solution, but it may give rise to problems related to cost and weight. In this study, the welding distortion control effect
of the type of stiffeners on the door openings of various living quarter structures was investigated using an experimental method and a finite element
method. The results showed the feasibility of mitigating and controlling the welding distortion, and the optimum selection of the type of stiffeners
was confirmed.
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34 TAA Bt F2E0 Td Wy #EE 45, v Fig. 1 Failure mode of thin-walled panels in offshore living quarters
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Table 1 Ultimate strength of plates depending on initial imperfections

Case Ultimate strength [MPa] Ratio (/Case I)
I 306.00 1.000

I 150.09 0.490

I 137.24 0.448

v 105.69 0.345

Table 2 Structural stiffness of plates until proportional limit
depending on initial imperfections

Case Stiffness [MPa] Ratio (/Case I)
I 205,344 1.000
i 167,413 0.813
I 136,520 0.663
v 124,707 0.606
400 E .
I:_g

300 ‘\

Perfect flat plate

200 With-initial-deflection-by welding

itial deflection and

Average stress in x direction (MPa)

ess by welding
100
7 With initial deflection and___
/ residual stress by fairing
0
0.000 0.001 0.002 0.003

Strain (mm/mm)
Fig. 7 Effect of initial deflection and residual stress by welding

or fairing
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N N
- -
—— ———

L2 : 125x8 + 100x12 (mm) T : 125x8 +100x12 (mm)

Fig. 8 Typical dimensions of stiffeners which are used at shipyards

Table 3 Stiffness of plates until proportional limit depending on

initial imperfections

Tvpe Weight Geometrical moment Rotational restraint

M [kg/m] of inertia [mm®] parameter
FB 542 7.0E+06 0.463

UA 53.0 9.6E+06 0.477

L2 58.9 1.5E+07 1.602

T 58.9 1.5E+07 1.602

Angle Stiffener L2 stiffener

‘ Door Frame — Door Frame

Fig. 9 Proposed stiffener type change for deformation control
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Fig. 10 Schematic of selected mock-up test models
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Table 4 Selected mock-up test models

No. Mgdel Opening  Welding Type of Plate
height shape method stiffener  thickness
1 3700 mm Full UA 6 mm
2 3700 mm Full L2 6 mm
3 2850 mm Intermitt. UA 6 mm
4 2850 mm —_ Intermitt. L2 6 mm
5 3700 mm - Full UA 6 mm
6 3700 mm Full L2 6 mm
7 3700 mm Full UA 7 mm
8 3700 mm — Full L2 7 mm

ZBo|A o] BAA WA B Alo] E), B 3, 4= B §
A Ao Aol a7, BY 5, 62 AP AFF FERENA
Ao} &}, vpATto R B 7, 8 B Fro] WE Wa Ao
anE s

3.3 R4 slAM
dxtE FHasdMe S HE RdE fdes F&9
MSC MARC(2013)& o] 83ttt 8 4l a4 o<l 85 2+
WY 84 52 H /Pdd 7kola A4 (Shin et al., 2006;
Seo et al., 2018)% ©]-83t4 A= ATKFig. 11). 2-&H 34
He &40 23k MY Strain-as-direct-boundary(SDB) H
(Ha et al., 2008; Ha, 2011)©.& 533t & 850 7o) g3
sheS 7hste] 84 A9 & 83 R B 58 TSk
Wrgolch. SDB -2 o Tt 85 Z17de] Aol mE 84 7
HEYFF] Ay A= dolHE EUIE, Finite element analysis
(FEA)OIA 71de] &59} 7o) 4 58S o] 83t A9
£ g TSk Iyolth a8la 83N 59 FEE
QA7 Te] =] e 84 dg#e =) et

v Welding Analysis for Initial
Imperfection(Using SDB Method)

v Extract Geometry Information
from Result of Welding Analysis

v Calculating Shrinkage Force
due to Residual Stress of Welding

v Input Material Property and
Boundary Condition for Thermal
Buckling Analysis

v' Performing Thermal Buckling
Analysis using Arc Length Method

Fig. 11 Procedure of thermal buckling analysis
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Fig. 12 Boundary conditions for preliminary structural analysis
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Table 5 FEA results of welding deformation

Model Positive max.  Negative max. Range

No. deflection [mm] deflection [mm]  [mm] Reduction
1 9.7 -3.7 13.4

37 %
2 52 32 84
3 6.1 29 9.0

-13 %
4 4.6 3.2 7.8
5 9.6 43 13.9

21 %
6 74 3.6 110
7 6.0 24 8.4

31 %
8 39 -1.9 538




158 Dong-Hun Lee et al.

(d) No. 7, No. 8 models

Fig. 13 Deformed shape of selected mock-up test models
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Fig. 15 Production of door opening mock-up models
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Fig. 16 Measurement results of welding deformation
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Table 6 Comparison of maximum deflection

Model Max. deflection Max. deflection

No. in path 1 [mm] Reduction in path 2 [mm] Reduction
1 16.6 16.5
-43 % -64 %
2 9.0 5.7
3 8.6 8.0
-31 % -65 %
4 5.9 2.8
5 13.0 13.8
-50 % -38 %
6 6.5 8.6
7 13.6 13.2
-57 % -60 %
8 5.9 53
Table 7 Comparison of maximum deflection
Model Max. deflection Reduction Max. deflection Reduction
No. in path 3 [mm] at door frame [mm)]
1 16.2 28.3
-52 % -52 %
2 7.9 13.7
3 Error 15.7
Error -43 %
4 8.1 8.9
5 14.2 22.8
-17 % -52 %
6 11.8 10.9
7 14.4 26.7
-15 % -51 %
8 12.3 132
A Atelol tigh 242t Fvge) WM, Table 701 3% Path
o] ek WM, 18] Door frame F-2| A o) HAZH
< WmalThilE A9 2 3 wAAE 84 Wgo] 147
AT AUAT. SN e 9ed 2o 0y
QW 1 EH} Ao AL AL B S b, ol @
%87 Agao] e mAAel B0l Agte] ofelA, 1
AAe] T4 weo] FolSo] Uit Asz Bow,
T3k FR|E|A Aol vlsl] A AS AolAe] Mt &3}
78 & AeE Uehton, ol fitassielse] A=k
BAZEA, ol 7 ERA § HEd ApolH o R AL

SEth o}&E No. 3 2o HE A
ZoR7l UASE NATE

glol, welq el A

3.6 Box Mock-up &8 2! Znjet

Ao AHEHNY 2R Fxo tidiA No. 1, 2, 5, 6 =2
< AA AFF9 7 Box FHIQ] Mock-upl 2 23}
(Fig. 17), T29 ol 340l el Hd s a75He 34
F& v

=9 & 84 Mgy 258y g3kE s AAl ZAA
A A== Back heating 2F4] =3 AAE T HF WP HF A=
A} Fig. 187 Zo] wgaFo] 7rAF Uk Mock-upe] EHEF
FEFY I F5H % H W A3 28 AMES o) Hit
oF 34%7} Eoj= Zlo] I= T Table 8).

L2 stiffener

Fig. 18 Deformation at door frame after assembly process

Table 8 Comparison of longitudinal and transverse shrinkage of
box mock-up model after assembly process

Wall  Longitudinal Transverse

No. shrinkage [mm] Reduction shrinkage [mm] Reduction
1 3.1
-55 % 42 %
2 1.9
3 54 13.0
-40 % 34 %
4 38

U.A. stiffener

L2 stiffener

[

Fig. 19 Comparison of work amount of faring after assembly process

ZA A FREE AFT FAAGH SYA TE A
A2 FAAYE AABIAIL ol WE F2F g 9IXE vl
SH3ATh Fig. 199 Role 213 2] Door frame HA|ZH o= g
A3 F2 AYPTFo] Fol& o] IR
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ABSTRACT: This paper focuses on a newly designed ice load formula based on the ARAON's 2016 Arctic field data in order to improve a structural
design against ice loads. The strain gage signals from ARAON's hull plating were converted to the local ice pressure upon the hull plating using
the influence coefficient matrix and finite element analysis. First, a traditional pressure-area relationship is derived by applying probabilistic approaches
to handle the strains measured onboard the ARAON. Then, the local ice load prediction formula is re-analyzed after reviewing the ARAON's additional
field data to consider information about the ship speed and thickness of the sea ice. It is shown that the newly developed pressure-area relationship
well reflects the influence of other design parameters such as the ship speed and ice thickness in the prediction of local ice loads on Arctic vessels.
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Fig. 2 Locations of installed sensors on the inner hull plates of the IBRV ARAON
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ABSTRACT: KRISO (Korea Research Institute of Ship & Ocean Engineering) started a project to develop the core algorithms for autonomous
intervention using an underwater robot in 2017. This paper introduces the development of the robot platform for the core algorithms, which is an
ROV (Remotely Operated Vehicle) type with one 7-function manipulator. Before the detailed design of the robot platform, the 7E-MINI arm of the
ECA Group was selected as the manipulator. It is an electrical type, with a weight of 51 kg in air (30 kg in water) and a full reach of 1.4 m. To
design a platform with a small size and light weight to fit in a water tank, the medium-size manipulator was placed on the center of platform, and
the structural analysis of the body frame was conducted by ABAQUS. The robot had an IMU (Inertial Measurement Unit), a DVL (Doppler Velocity
Log), and a depth sensor for measuring the underwater position and attitude. To control the robot motion, eight thrusters were installed, four for
vertical and the rest for horizontal motion. The operation system was composed of an on-board control station and operation S/W. The former included
devices such as a 300 VDC power supplier, Fiber-Optic (F/O) to Ethernet communication converter, and main control PC. The latter was developed
using an ROS (Robot Operation System) based on Linux. The basic performance of the manufactured robot platform was verified through a water

tank test, where the robot was manually operated using a joystick, and the robot motion and attitude variation that resulted from the manipulator
movement were closely observed.
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Ocean Engineering, KRISO)oI A= 2017dHFE] FFolAe] 25
o AEAdel Bad A dagE AL A7 FArPon,
2 =EiAAE olF AT FAENEE 2R SHE MLl
#3 W8-S ANt} stk KRISO AHE498 282 §4
S 2RE AolES T AYH TAE FHE= ROV FH o]
H, 788 1714 2RES 'Askal vk ROV FEHIE A%
H olfre ALA AY3FH B4, 28 dagE AT
Aollxe] Fghe] Ao golate] AUVETE {23 B3-S 7
A 347] wdEolth

2 ZHE HA ] A, ECA Group AH] 7E-MINI 2E-&
T BEREE AASHoH, olAY JF FES Slkg(TE
30kg), Hdl Zdol& oF 14mo|th 2E ZALL TY A2 =
B2 F83EME S (Water tank)ol| A9 280] 7Hsd =
719} FAE ZEF AAIsk= Zlo] Fasitt ol A, 2R
s 2R 54 Yl XA, T H43t 7= M
4 FRE il A4 g 7= M E TP BES
25 FARe 2RERE FAEY, A 2RE5E 2
A7IE 28 FAFE= d¥k ROVEE 5938 JHZE 282 F
AT

T AP 2R 5 A, A TS AFE] A
3l IMU(Inertial measurement unit), DVL(Doppler velocity log), <~
Al(Depth) AA Fol GAEH, 4712] FHF317]2} 4719] F3]
FANE B ARk F5AY dd EAE 2R 2=
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2dstar QIAst7] 918l 2t 13bd Fheleke} # oA 2707t
AREEH, o] @A A AFre] ZPE I UTHLee et al,
2018).

2E SEA 22 dAAoj2H oA &8 SWE FEE
o, YA o} 2E| o] AL 440VAC Y& 300VDCE I 7]
A FHLHZALR], B(Fiber-optic, F/O) S41& o|ful 510 F
HEkehe SAAEER] 83l FAolE PC 28 AT
+8 W 2l52 7]Hke] ROS(Robot operating system)S
ALgst, 292 HelE 93k GUI(Graphic user interface)= 7

frd
b

Eog B =RAE fiE 2R ZYZo £F NS
3 718 s S A7)AE Zol2H(Joystick)S 3l

FTOoR FAAIIEA 2O FAYS Teofske A A,
2 22Qle)| wE ZE 24| WES TSI

FEolAMe] A&2del dagt A Ve AR fls] A6
HAFRNEATLANE FF ALY E 2ES Mdsidot
(Fig. 1). A-&2HE 2R I/ 25 EAFe} 28gR=2 7
AEy, 2RIRE BYA7IH A 529 ROV FEHE 2=
. 2E FARe} 2RERE UFu)E HPlate)S B9 MR
AAHY, BE - HEEZ o|&slo] HF AFd;

2R FAEE €FvE Zd ], 1] R3], ahe] 5
232071, 4709 FEA E5, 254018 W87 ](Housing for
robot control) % ©]7] 2§ W }-8-7](Housing for underwater
image), IMU, DVL, <=4l(Depth) A4, 4the] =5 7lull, 2719
LED(Light emitting diode) 2F¢]E(Light), FFdo|AMNAZ
d=oh

ERIH= 7R AV £F 2EDH I, ERAY,
dHRAE MUZr E8(Mainfold block), EEZ8 Wt&7]

Fig. 1 KRISO Intervention ROV

(Housing for manipulator) 18] &Fu]F Z Yoz FAHT)
HF A KRISO AEA49-8 289 A7 W4 920mm,
Zo] 1,100mm, %°] 1,200mme|H, 7|15 F#e <F 206kgo|th.
2RI 7|5 Tl Slkgel™, Hol Aol ¢F 1,400mme]th.
£ 2Ro| A, AA| R g 2R RV} E 23R
3 Hlugs o FHoRE & Ao EAHoltk ojAL Fx
T= AdlgeAe dEs AEH(Handling) 2 AHS 28] 2
5ol A718F FAE Aok sk Zlo] FH HWilolth o=
el 22 A doAME ZHY B D AR HA],
83 2R FEA Jdojxe 2R gAY o5 2
He fF¥YEE 45} sy BAdsks Zle] wg- Fasith

2.1 22E

482 %5 ZEZ(Manipulator or robot arm)S 75 W29
w524 (Hydraulic type)@ 712 (Electric type) o2 TEH
ol oo g v RIS Aol dE A - o] 8H
I 9lem, ol T tH] & I& WA ERE & A
515 (Payload) 58S 7}A)7] W&ot} 28y o gE #¢t
< TAN7E gy Fo] ¥Eg Fostueg R o] Ax
ko] 8FEY ST ZUIRI old] W, M)A £F =2

<
2o A¢] 3tF T dudoz AL 4 99
(Power pack)d} 22 HEo] 2 AHE Q73K Z=THSiveev
et al,, 2018). A8 &2 SAHE 74 FF ZEL AFS A
% AZA(ECA Group, Grall tech F=)o]H, 1 2o RS
AFgo g iy 2 EE(Prototype)©|Th

2 ATFoAE FF 174 2REEA, vlad Fgo] A&
ECA Group AH2] 7E-MINI Al&(Fig. 2)& A&such oA 1
2] 3 (Gripper) Jaw(A)2] 7N H (Opne/Close)E XE3st F 7710
o] FHE HAH, 5 S5 30kg(FA 51kg), 2 3FF 25kg,
244l 300melth o)A 9] Al AbF2 Table 13 2T

Fig. 2 7E-MINI Manipulator of ECA Group
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Table 1 Specifications of 7E-MINI Manipulator

Items Value
Functions 7
Weight 30 kg (in water), 51 kg (in air)
Material 6082 T6 Aluminum Alloy, Hard anodized
Power 24 VDC, 100 W
Depth 300 m or 3,000 m (Oil filled)
Communication RS232
Reach(full) 1,439 mm
Lift capacity 25 kg (full reach)
Angle ranges Slew 120°
Elevation 120°
Elbow 130°

Forearm 340°
Wrist pitch 120°
Jaw : 360°

TE-MINI 2822 ZA9} 34|, Aol Udgr], dEEAd7]
(Pressure compensator), ZF 49| YERYE vjUEH £5 F
o8 FAHETh

37 2RI AL YeHerE BEl 94 0= Aojdrt. &
HHL2 £5 ABS T3 2Folv, A (Encoder) Tl 2l8h
ARk £5 gho] ASHET o] d BE Aol RS232 AlEY
5 3l 7Tk 2813 AA(Gripper Jaw) 22H& A gk
67 A F, 49 #E-2 U] AFollo]El(Linear actuator), L}
w2 27l= 3] H 2 (Rotary) A Frol|olE ol o8l 2-EH T

) I
A At A o), 2R FVE MY FHEFI 4
Mol #2217, 283 AAE IMU, DVL, Depth A4, 4712
Zheek, 270¢] LED 2ol E, #lo]|A 27 & o] Fo{XItHFig. 3).
3 F2171E Tecnadyne™ A Model 56124, 2 A&
300VDC, 1kWolt}. 2] F317])= TYAF Al &2 Model 54124
300VDC, 500Wel™, A - & E&o] U3} F F317]= RS455
A B4l 28 2H5= ™, PWM(Pulse width modulation) k(0
~ 255) AH& T3 £=RPM) A7t FHETH
AA e A= WA, 5 IS 213 Advanced Navigation
A+ IMU, Spatial FOG, Nortek AF2] IMHz DVL, 18|31l 4]

Table 2 Specifications of Sensors

® FOG

Block
Buoyancy Blocks '&\ ® 4 Vertical Thrusters

4 Horizontal Thrusters

7-function
Manipulator

S 913 MENSOR AF2] CPT9000(500kPa) & AlA 7} =)

A2 23| 7 A FAF 918k, DeepSea Power &
Light Ake] obdZ 2] Fhw2}, WSC-40603} LED 2}o]E, LSL-
2000°] AR8-F T},

o A U BAY 5 33 BYS HsiMe AA A
U a5 tAE szt 2 ol A2zt A8Em, dA =
A AZ Foll UThLee et al, 2018). Z+ AAME AF Alke
Table 29} 2t}

3. 22 A

KRISO % AL24-8 232 AAlol SlojAle] 7188 8+
Abeke 7] AAE ECA 7E-MINI EE-Z-S £831AXE £20
Ao & 3 Aol folsleE 1 )9 FHE HAasE=
Zolth o]& $3l AgE FZ+ WollAe] 2EZ-S H|Eg A
AR S Wiz AAL} A4 2ZE 02l ABAQUSE &85}
2R 24 zg e Tz HA A4S Faskth

3.1 SHATR| uiR] MA
z = A3 elAe] ALY AEFY(Handling L AHLS
2ol I7)9} FAE AYstT JjHoR & Fro| =

Items Model Communication Accuracy
MU Spatial FOG RS232 Accuracy: Heading 0.05°, R&P 0.01°
DVL Nortek DVL 1 MHz RS232 Altitude 50 m, Resolution 0.01 mnv/s
Depth CPT9000 (500 kPa) RS232 Accuracy 0.008 % IS-33
Analog camera WSC-4060 Composite 450TVL, 0.1 Lux at /1.2
LED light LSL-2000 RS485 9,000 Lumens, Dimming Control
Digital camera Under developing POE -
Laser scanner Under developing RS232 -
Multi-beam M900-90 RS232 FOW 90°, Resolution 25.4 mm
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Fig. 4 Arrangement drawings of main devices on KRISO ROV: (Left) Manipulator, (Right) Thrusters

B3-S gAATN QleiMe Zad AEs 2 AR wjA|
AAY Wi Fasith

dukzlel FEERO] S 2EG FYPe ZR Fko] o
1/10 FF0) AT, 2 A8 222 oF 114 A=olt) =3 25
Z wjxo] YAME, tlRE 2+ FIKWorkspace)S H Ul 3
Halr] ffs) 25e] Aol A7) A3 D, KRISO £

Po mRuo mH Zio| -.—]z]/\]710§5’\1(Fig 4), ¥x9 F
2k BAF Qo] _,_7] Ao Aol #38E FAEEE FgTk 18
ur o|Z ¢ls] Z+E A Ax)d I 35; 2 07]' o o

=l »10111 % 141—r°ﬂ/\1«l 2R FAYES BAsk] fst

Tz Aol HIE ;oo st
s 7]'{]1:]'. =R S Z‘ii -rﬂ]h 2E 2y§) JRe] o
E-Z((Buoyancy block)= = -

2R 9 f%'a ﬂl°1
A S 3 4719 371,
% Z1717 }&%ﬂ%ﬂ FH F1719] A, WE] B2
< uH3le] 2R AW 7|FE0E 4598 A A wjR]ET) oA
S -3 YR -79(‘—?— AR # B9zt WA o &
= 2, 259 A& APl 94 #A
o]tK(Christ and Werinli, 2007). 4~
A AgFo 2 5o 7)ge] HAE Q]
=3 71%71 5° zﬂf&% 2RI ARGl g 2R A &
(Roll) 2 I X|(Pitch) >51H4S 3l 42 Wk 8L H)
g SRet= A FAF7) A e 28 A -5 BFge
29| 5o 22 Ao Ay YFL vIAA FA=S s
HE UlolA AA =T
1 8], IMU, DVL, 25 Aog Y3 =
HIX| Bt 0w, o] AL F A} Al 2] 28
2l we} AgFFAo] gd&Eo =z o) FsHs dAY
HAst7] 91g Aol

sk7] fIRk 47)e] F307), 4 %

|

32 2| =l MA|

B Holl e & mjx *éﬁﬂ% R BA Zyde] =4 ¢k
Q& grsta, o5 Al KHY3
o]2] ABAQUSE o] &3l] % oH—‘"!—%
A 2R o ¢8x2d 7 3d<

recovery system)E ©]-83te] duloA F£Fo R X - 35E o
Ao stsol WAy wZol, ol M2 E ISt T
Z 3Me IPeuct s A% Ao EE 3 - 35
A, 2 53 AAEE FEol ths) XHTE§ T4
st 2UoEE ASAYPELRS F4, sl 2t #Agoll
Al AelEe AU HE wWe 7t 7"—‘—01] o3 3, FFollA

%5 o}— EA o g3t FHEE, gz o3 J}Q ulgho]
o3k T4, a8l ¥ Fol sth ol 35 AL FolA
st 7 wé—@ Atz BlE) FiH o g 2o, JQF €3 F
go] & wlols AA A - 3455 AYsHA| 7] wEel £ 3
A zHoAE THIA &yt o, T - 3¢ AP Al 2
Bo] f¢H WMo R U Ao R TSt Rotawel ofgh
sty FE s % A M= 1A Fokth

B 3z )X 139 35 1L Table 3, 18|31 A =
7L Fig. 59} % E} Fig. 594 9% 082 75 A48 =

Bl WAH AHSe] BA the) AFALoR »}E}»ﬂ Aol
 oEme ‘ME 98 A7 2 s 202 Yepd Aol

A& 4 2ol f3taArds FHsty Fx kS

Table 3 Mass acted on the robot body

Items Mass [kg] Total Mass [kg]
Frame 44.4
Robot arm 514
. 186.0
Other equipments 67.2
Buoyancy 23.0

Gravity

Fig. 5 Boundary condition for structural analysis : (Left) Distributed
mass (Right) Boundary & loading condition
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%‘7}3}7] -r]?fﬂ ABAQUSON A 74 &3] 4(Static, General)= <33}
fom, 5] Al Az A SEEs ISt
R ﬂﬂr~ Fig. 6()¢t 211, %1 - 3|5 Al Z2) 53 A
@ﬂ“ FREA A 76.55MPal 12+ Hol §-8o] dhysie, o
E B vlaf AojHor F2A HFS BRlth ol 2R

713} ZAHE, BEA| 5o Aol o8 ZH o] zgFoe =
H%‘M A, o]F AA sz ZH Y AEE = FEolA F
SHo] MAsh= oz A 4 9k T3k 23 Al &
o7z 28z g9 3 & BEAE FEA 20.58MPa
2 gyt B Aod el 232 Eaﬂﬂﬂ Azl AL
6061-T62] &8 7I= 276MPas 1 o, 8 T4 23

e T2 e ZEua J&‘i‘r@ T Aen, ki
6

u)

i_!l‘
td
[
el
o O
m{o
o_'*’.:‘,
N
N
[0

17] 918l 2 - 8% A
A4S F71 0w Faskan
= Fig. 60 Rtk ©17]4 9
4

o] AAxNE A& Ft
2R =y qlel Fut
%o 3 WA R=
1 wje) Fuke= o 2.2513Hz0|H
Ao A . 32 /\] T2 ‘ﬂow’}ii-"/] T3 Foln, T oF
9.1280Hzo| T}, F34= &4 A3 Auld o

oA wAYsLy] W] e HE
el A 23o] dasitt

oﬂi %
gi_v“
z

o
)
4
)
0%
0191‘;
o

A=, HEE @S B4 fla 25 Zade] duel 3T
o] ‘x>zt glBel ~E9lE] 27K (Stainless steel) B2 715+,
w3 B3 deliAs Zade] 4 gEe ds F7
Brste]l 25zl A wgstach

3.3 2R &7| - AXAIAE M|

314800 AiE F37] D AAES 2E SE8A2E Alo]9
AdEF )|~ A, 2709 Hgsh-A, 257 Alol§ -4 3
2k EA BAE 9% £F olvA& 9-Aol AXET: 5
2Ag2AE 2EE dulElE AolES Fdll, Aoz HE
300VDC HYS Zgdon, FOo BAS 53 RE AHARE £

AT
i% A &5 2 258 3d JRe 2R &5 Aof8 sk
e Tl FEoE AEHH, 33 =4 Bde AT RE A

B3 =L, A 28 Ao 8 39A

& AAH TR AL 2R 21101% SH-AH HdE sk
J-2 o|ElUl(Ethernet) 41 B3l A2 BRE wATHFig. 7).
2o HAH AXMEL MG 2HE 24 fdste- o By
A 3¢ 300VDC HYES H3E7]
(Converten) & B3l A¢o 2 %

ol A" DC-DC

}ebgk 24VDCe] W

by A R ) I B
FTFE

'é‘
&5 59 3

(o]
o 7} 9 Ul R ARE AR/ E A *E W
He HEE A)FHch

0D8: Job-1.0db  Abaqus/Standard 3DEXPERIENCE R2016x  Fri Jan 05 15:38:12 GMT+09:00 2018

: maximum stress

0DB: Job-1.0db Abaqus/Standard 3DEXPERIENCE R2016x  FriJan 0S 15:38:12 GMT+09:00 2018

(b) Frequency analy51s results: (Left) 1st mode, (nght) 2nd mode

Fig. 6 Structural analysis of robot body frame using ABAQUS



174 Taekyeong Yeu et al.

Control F/O
Reserved F/O
Power (300V)

Housing for
Ethernet underwater image
. Power (300V)
Housing for
robot control
Motion & Navigation Devices =
@ D

RS485
RS485
RS232

S\

H-Thruster V-Thruster  Manipulator ~ DVL FoG Depth AHRS
(x4) (x4) (x1) x1) x1) (x1) x1)

Fig. 7 Electric-Electronic system of KRISO Intervention ROV

Table 4 Specifications of KRISO Intervention ROV

T X,

Camera_M Camera_R Laser Scanner LED Light

Multi-Beam or Blueview
(x1) x2) x2) (x1) (x2)

Items Value
Mass 206.1 kg
Length (L) 1,100 mm
COB(2) Height (H) 1,266 mm
Width 924 mm
coc@ COG (2) 721.7 mm
COB (2) 933.3 mm
Projected area front 815,526
Projected area side 1,082,807 mm’
Projected area top 980,343 mm’

Center of buoyancy)¥} F-A|F4(COG, Cente

of R SR ARG = AL AJAD F Y

41 2R 2EAAH
2E FEAHE 4] AR o] 2H o] d(Remote control
station), 7]}X.=(Keyboard), Z°|2=E(Joystick) 52 #lo] A3
(Control device), 18] & S/W=Z THHHFig. 3).
AAA o] 2Ho| AL A7 440V MY A7 300VE HIA|
71 & AFAUHEEA], FO A4S oltull FAlo R W=
FAMEAR I8a A0S PC TR FAEY, 7RE 9
2282 FA|o]-§ PColl H&H x| AH & Ak
Aol AR &g
2E &8 ywe 52 7] ROSE AEsidlon, A
2 HelE $17E GUI 7iEell QlojA = ROS7} A58k 3D 7HA

zo|

3} 22320 RVizE F83H

Fig. 894 F42o] AH4d FE2 25 &8 W 7= 3 Al
2 UL-S YehAth o]R2 Preliminary level, Fundamental level,
Perception level, Navi. & Planning 2 Control level, Z12]3L Task
level®] 5Al(Level)e] AlS F2E ZE=T}h Task level Al Task
= % =4 3A(Underwater object grasping)= “J|=]H,
Preliminary ©Ao| A 2T e F9] 34, AL} B2 A
B, 25 HJH 59 HERES ASHAY dSshe A, a8
Fundamental A= F37] 38 A, tiid E4) 339
AR F=, 2RI 7|78 9 9778 Fo] x3HH
olu] 7ite] &5 EHJTh &R, Perception THAIY}F Navi. &
Planning 2 Control TAle] T2 E0] 7tz Qo)

42 =T ARH

A AA - AZME A-EAY 2ES 9FOF KRISO Wo| £
(Water tank)oll A 7% s 3 34y dagfF AS 4F 5ol 1
P Aolth, A 22| F7]= F 5m x Z0] 20m x 9] 2.7m
olu, x| A2 AN Carriage)”} THIE o] Jh(Fig. 9). A=}
© A Adke] 93-S I3std, A A2 A o] 2H o)A

o] AAldtt. BRe] Rl M FF AR A, B

w2 of
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Remote Control Station T
(RCS) ROS Inter-Process Communication \ ROV
— —
3D Modeling Preliminary level
(URDF) =p | Environment | | Power & H Status Operation ! PR e
model j i Communication | | interpretation mode i
Depth
3D Motion Simulator 1
Visualization planner Fundamental level
$Movelt! & Force plot of Fwd. &Inv. | |  Objectinfo. &
= thruster Kinematic | | extraction Z
cazeso 5 by 8
s : [_soumr ]
= &
5 | e
2 Taser
+ - { \ f N 3 2
Graphic User Interface e | Hydraulic effect | | 3D object i | Graspingpoint } e c :
] | estimation reconstruction | | detection | = Amera
2 i J QL } 5
2 g
=
g 2
Navi. & Planning level Control level
Frowdl oy |en :
: -
" Trajectory " Manipulator |
planner control J Light

Camera

Task level

Keyboard &) ROV Manipulator | Object searching | | Objectpicking | | Recovering

Mouse joystick joystick - s = 3 /
& )M

Human Control Device

Fig. 8 Configuration of robot operation system

B4l dH, 718 Zs AH)I 5 F3(Balancing) 2] 73
=, 53] £ AHo M= 2R 55 F7F B} Fgo] o 4kg
J= =A AZ=] o] 9o, 3.5kg2] FHE(Weight)yS F7HAIA A
A #YE DA
FxoA e 2H 7RG FE Fo|~g
-3 -3k 3 Y F AT 2 FAYY wE
2Eo 2 MBS RISk Aol 24&
2Ho] &5 A5 Fig. 103 Fig. 11l
Fig, 10& % Z&of w2 289| » 9 4 W] £ T2|n

2 T T T
Fig. 9 Scene of water tank test with KRISO ROV .
)
9
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timelsec] Fig. 11 Roll, Pitch and Yaw angles of robot platform in manual
Fig. 10 Velocities from DVL in manual operation operation
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: (Left) Full-reach (Middle) Half-fold (Right) Fold

Joint angles of manipulator
T

-En T T T T
) 0
E-l0F
S0 i T :
= 30 I 1 I 1 1
400 450 500 550 600 650 700 750 800 850
= 100 T T T T T ]
H ~—
E s0F 1 : T
2
'g 0 { ! 1 1 r
a 1 1 1 1 1
400 450  S00 550 600 650 700 750 800 850
E" 50 / 1
£ or T / I
ERY — . R S
400 450 500 550 600 650 700 750 800 850
;3"150— /
= 100
g1/
g ]
400 450 500 550 600 650 700 750 800 850
¥ oo
-_?-zo - / ! ! !
w30 1 1 1 1 1
400 450 500 550 600 650 700 750 800 850
time|[sec]
Fig. 13 Joint angles in manipulator operation
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Heading Control of URI-T, an Underwater Cable Burying ROV:
Theory and Sea Trial Verification

Gun Rae Cho™’, Hyungjoo Kang®, Mun-Jik Lee® and Ji-Hong Li®
"Marine Robotics R&D Division, Korea Institute of Robot and Convergence, Pohang, Korea

URLT, 814 7|02 ojd-4 ROVE] A57t Ao} 8 2lsje A%

KEY WORDS: Heading control X172} 1], Underwater cable burial 314 # o]&mA, ROV 925217344, Dynamics identification,
A3t 4, Sea trial A3 HZF

ABSTRACT: When burying underwater cables using robots, heading control is one of the key functions for the robots to improve task efficiency.
This paper addresses the heading control issue for URI-T, an ROV for underwater construction tasks, including the burial and maintenance of cables
or small diameter pipelines. Through modeling and identifijing the heading motion of URI-T, the dynamic characteristics and input limitation are analyzed.
Based on the identification results, a PD type controller with appropriate input treatment is designed for the heading control of URI-T. The performance
of the heading controller was verified in water tank experiments. The field applicability of the proposed controller was also evaluated through the sea
trial of URI-T at the East Sea, with a water depth of 500 m.
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e

URI-T

Underwater Robot
It’s Trencher

Ao
Fig. 1 URI-T, an underwater cable burying ROV

Table 1 Brief specification of URI-T
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W AN A oA AR Azt AlolE H8e
22X, @8 A8 e AsshAh

2. URI-TS| M52} Soist mE 2A

2.1 Al2Ble| 7Y
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Skt Fig 225EH & F X0, Aloirle WEH JH(y, i
=1234)% 538 B d3/2q 38 AAsH, o] F&a
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AlZIth ROVE F31719] 3319 & o] 83t AsshA |k F
719 Azt Ass ARk 7= F allolH, FEol
- oF o2 x| Eo] Qi Fx1719] HiX] 9]X]+= Fig.
34 BRI 4= Qlrh. 3719 33 As2 DVL(Doppler

velocity log) ¥ IMU(Inertial measurement unit)S &3l ZgHTh

Contents Specification DVL2 AAZ|AAE E3sH, ROV AF2E AT 4 th
Size 65 x 50 x 45 m MU= Ao| 2AIME 298, AetE=s ST o vk
[e=k<1 7N 1] B 2~7} ™l PN
Weight 21,280 keair) / 540 ke(water) Alef7]e] 42 DVL Bt IMURFE ROVE| A2t 51 Al
&g Qdd wol ROV A47HE Yok gow FEA
Max. water depth 2,500 m o = F ROVE] A28 ohs gho 2 FHAY]
. 7] 91 Awu Ao} YFe AReE Aotk AAH 147t
Max. burying depth 3.0 m o - oL .
. Ale] dagfFS ZAAs] M= ROVE A7t A5 o
Max. burying speed 20 fan/br @ Folstd 542 vl wast ot Bost 54 sjote
Max. forward speed 3.0 knot (5.56 km/hr) T 2He 22 o A3 71edm oow oo,
PS'WI.\‘
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Valve pack Thruster*
— %) control . # O 4
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—N'u3 d VP3 o > Tapn : :
I T,
S vpa 9 1. 1. LN
17
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’
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* The subscripts in the name of each thruster is defined as follows:
F := Forward, A := Afterward, S := Starboard, P := Port, H := Horizontal

Fig. 2 Block diagram of ROV system for horizontal motion
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- Applying SVF* to the simulated data
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Fig. 4 Parameter estimation procedure using SVF and IVM
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Table 2 Parameter estimation results of heading dynamics of URI-T

Parameter Estimated value
a 181,708.08
&) 8,934.97
v 144,592.43
é -34.98
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Fig. 5 Rotating velocity of horizontal thrusters
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Fig. 6 Heading angle of ROV: experimental results vs. reconstructed
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Fig. 7 Yaw angular velocity of ROV: experimental results vs.
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Table 3 Parameter estimation results of thruster model

Classification Parameter Estimated value
Dead zone s 70.0
Linear zone k [deg/s] 18.33
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ABSTRACT: In this study, experiments with a floater using flapping foils were performed to develop a new station keeping system that can maintain
its position in waves without mooring lines. The foils applied to this system generate thrust using wave energy. In this experiment, the motion of
the floater was analyzed in three different wave periods. Sixteen foils were attached to the cylindrical floater. The thrust of each foil was controlled
by changing its azimuth angle, and three cases were compared. Based on the previous data, we made more precise measurements and found an optimal
model for stationkeeping under each wave condition. We verified the potential of this new stationkeeping system using flapping foils, and conclusions

were drawn from the results.
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Table 1 Different period of wave condition

Period Wave height Wave length
Wave type
P [sec] [m] [m]
Short wave 0.8944 0.025 1.2490
Intermediate wave 1.789 0.025 4.9970
Long wave 2.504 0.025 9.7894
Table 2 Full scale wave condition (Ratio 1:50)
Period Wave height Wave length
Wave type
P [sec] [m] [m]
Short wave 6.324 1.25 62.450
Intermediate wave 12.650 1.25 249.850
Long wave 17.706 1.25 489.470
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Table 3 Information of circle platform

Parameter Value
Circle diameter 1,600 mm
Height 700 mm
Draft level 460 mm
Ring pipe diameter 28 mm
Ring pipe thickness 22 mm
A
» Flat Plate Elastic ©

Beam

-c—l.—b{

- c -

Fig. 9 Parameter of Flat Plate & Elastic Beam

Table 4 Information of flapping plate

Parameter Value
Material Polyethylene
Flat plate thickness 8 mm
Flat plate S 200 mm
Flat plate C 150 mm
Elastic beam thickness 2 mm
Elastic beam B 100 mm
Elastic beam L 50 mm
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Fig. 20 Image of experimental scene
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Study on Reduction of Excessive Noise and
Vibration of Aft Part of High Speed Ro-Ro Passenger Ship

Yunkil Shin®"
"Department of Naval Architecture, Tongmyong University, Busan, Korea

& A AT A A/ 48 AT 9 AT

KEY WORDS: Beating Phenonena HI®3%, Propeller Synchronizing System Z =23 2] 523} 2|7, Moment Compensator EHE 3l
Alel¥l, Deck Coupled Vibration 3844715, In-phase/Out-phase &Y/ G4

ABSTRACT: In this study, the excessive noise and vibration phenomena of a high-speed Ro/Ro passenger ship were analyzed, and a countermeasure
was taken based on them. This ship was granted a comfort class notation by the classification society, which was COMFORT-VIBRATION-II and
COMFORT-NOISE-CREW-IL. However, unfortunately, excessive noise and vibration in the aft part of the ship were delivered from the twin shaft
propellers, and therefore the Class Requirement was not satisfied before delivery. In order to obtain the class notation, all of the concerned parties
came to an agreement to reduce the noise and vibration level during operation after delivery because a seasonal ferry service was already scheduled
and the cabin was fully booked. The root cause of the massive amount of noise and vibration was mainly the propeller-induced excitation pulse and
beating that occurred from the mismatch of the rotating speeds of the two shaft lines. A 1st order vibrating force and beating phenomena existed in
the propeller. Thus, a reduction of the excitation force, elimination of the beating phenomena, and decrease of the noise level at the aft area cabins
and public spaces were required. In addition, structural reinforcements were conducted using pillars and additional girders at the aft part of the decks.

1. A = +Z2d B SASNA g A7 AT, A5S fdeiy
F83 A2 o2 (Countermeasure)©] UFEX] ¢t}

ofo] F-F

AAE AP 2 @AYAZE 2 Rattling) S} 53~
EL <

Al

O
Uol' ok

g Al 53] o 4d(Ro-Ro passenger ferry)e] EZs
(Propeller) 2 H-E] 7]Q1¥ 7] %1 (Excitation force)e ‘37
T A= AAG oUAE v} AAE Ay, 53] <l
(Engine room)3h ZEALL S 6] i A AF, af D A AEE Pk} TR AR
ORBE GRS S gtk B AT A A7) 2 AAM) ol 3A| A28(Structure-borne noise) S FASHA Bk X &
© W)= oF 30,000%(Ton) o2 46km/he] 42| (Service speed)s  LESH FH 2E, 259 #l¥(Level)S A7l 21 A2
227171 98l 60,0002 ZSEERW)oFe] HhE dxEgo]  =7Fsol TP AER VEH o g o dojtt Z=
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S SR T R 429 Re Lgow $AE
A mede) & 4% A dgEs 1% 21
3

>R g
O

o oM do i me &

285H Ha ZFAA7} D5Ho|th AAE 4-15mme) v B HIEES A4 72 AfRETe] sNoR G ¥
BASteeh©] AbEo] Bolastel | AF, Aoo] 2EHos  EE AF A8 MFS 8TE(Combort class) FAH3
wEEo] gk Av] made A4 3 7o Y ANE Anel  FAW S gl sEol Ao ol W T2l 3L I

& (Pillar)

AR F AFT(Cabin) F F-8A(Public space)S FAE o) 3] 93] AR S AY(Girden HA |, 22 Ae] 7]
A%, 2807 AAMogA e ouE A Hrz st  BAS AT 3 o] A4S (Coupled vibration)E
o) ZHskA Hrh Ae T ddsord HAlo|t). olFE s HI=E F, &

zadAy 7¥g oz 7|9 An] Fo] HlE(Beating) ¥4 & IF #EE Fole dle AV ok B ATl =2 2
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AR Ag, AE A AH AN =28 v AFFY
A JE, &5 dES Fol7] f&l dHE AA B SAE
@ Feolle Bt AEe a7E2ds “Jé’\]ﬂx] st
AE7F 713 el 18y A 3 43 A4 o
oko] 2tnE|o] HiE Qlral & 7 Hioll fl= Auksk e <3l
SRR R F AF 87 210& UEAA Fvs 2=
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&5 A ASE A Fsta B4t A W F, e E0]
7] 218+ 4714 th3)(Countermeasure)-= ‘F 5‘}71] HA. AA, %
0] 7, ¢ ZEAF7Ee] 94 2o| 2 Q1T Wizo|(Beating) B4}
= 2017 f% A S nksiith & H z2Ag Y3k QT (1st
order) AF ANUAE Y F & YHE Folok Yot T8

AA, _7_?,—,4— AT B A LSS Eol7] A% tiFo] e
3o, mpReto g ey °L§i”“%(Pressure pulse)& Z°]7]
A& A 5& T HIAT o]ES Vo R 3 F vu
2 F7T FAE Adste] HAltka Eoll A3 S (Comfort class
certificate) & 533 vlE A=3HA =AUk

AR A S} 71ed =X WEES ATsh ZEF siE
AL AAEt 1 kel FF, &5 A7 AAIE 93 ARA
(Guidance)7| E 8.3} A3 AlE|E 2LF(Lessons learned) 2o} 4l
A 314 Auke] F, &g #oke] AAY ALE Z=Rs|of g
o} 53], Ao I 24 ko] AAIA AAES 1R
3t o} A Az QlojA = YA o] ul-g- Fo} Mol
Afsta Qlok =y Z‘—’dﬁ:%«] AN Aol i ARZORE
Atgel HFEa 5t Fol E Al S48 84 V=9
o] A= /\]'XLQ‘H’Q_”} 8 Hoh 78 g5 2HAE]
AL AE AEt Qe AEEs 1Eg o B A7E 79
ATATt 77k mlE el 2353} oA d(Cruise ship) TFE ¢
3 Bag /Mt Fa3% a4v|ed] Rl IF, &3 #oF 7|
B e] E(Cornerstone)’} F71E 71t}

do ¢

i

2. MMM Fo A U SY

Table 1S FoAY @ F33
(Profile) HIX| %, Fig. 2+= Alv]H-

14 A, Fig. 1-& An]§ 23}
ZA 8 Aot}

Table 1 Principal dimension & characteristics

Length x Breadthx Depth xDraft 210.0 x 30.0 x 10.5 x 7.4 m

Deadweight 6,500 t
Lightweight 25,000 t
Gross tonnage 55,000 GT
Service speed 46 km/h

MAN B&W 12V48 4 x 15,000 kW
3200 Person

Main engine
Passenger number

Car number 1000 Units
Engine frequency 500 RPM
Shaft frequency 150 RPM
Propeller 2 x CPP, Blade : 4
Measurering condition 85 % x MCR

Class (BV) Comfort class II

ATTITIITL]
EAE e R TR TR

Fig. 2 Shafting configuration
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X \/ Owt

Motion Period = 2m

Fig. 3 Simple harmonic motion
F=ma=kr=mz, ©= Asinwt, 1= wAcosut, =W Asinwt )

ok = me? Asinwt = me*z, w= Vk/m , f= % = %\/k/m ()

5, o Al ufFlETe T =2 Ao tii AgH]
Aol vl ‘}E}.

w

2 2+ =0l ZE 3]

FX 33 B A A TR RAXFE STHA A8
7t A7IE R FRA o] o] FUFEER A F3
3)5h7] fal LFHTTE e Hle 2EFR] oE Rl
ot 2 Ao Fa VA ES] 7R EFE Table 29+ 2Th

N

%2 mlo olN
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Table 2 Excitation source & frequency

Item Calculation Frequency
) . Engine frequency Engine RPM/60 8.6 Hz
Main engine . . .
Engine 1st order Engine RPM x Cylinder No./30 514 Hz
Propeller st order Propeller RPM/60 x Blade number 9.3 Hz
Propeller Propeller 2nd order Propeller 1st order x 2 18.7 Hz
Propeller 3rd order Propeller st order x 3 28 Hz
Vibration Mode AerE wig- oyt A4 AFTYH A=A A TE
(Pillar)& AA D F3H2 wf¢- Aoy L/ FFE ST
Deck 5 = -
— A 7 e HAS @Itk Ty ZlEshy dekae] A
""" Pillar ' / o] FEX & A9 dsk 2 2 A49%15(Coupled vibration)
O BE kY2 7F0] dvt 28R 7T Bl &3
B

Fig. 4 Vivration mode & pillar arrangement

A 54474 7H)(Cabin) & 2R WX E 2HE o 7]
S(Pillar) .2 I F, 3 AU (Girder)E A A= dl= 433k
A ko] M2 B E AT (Girder)E2] 223(Span)©] AZA FHell ¢l
ot IHEE 049 AA ZAAo] LA s g 729
IR ET7t 7~15Hz2 Hlad] A3t Geon o] 24y
12} 26(Order) &5t TZYYe] Hrt

AA 7 BAol AFFY o] 1{ASFE 93HE Z&2
e DRXETY X5t FXeE A F 72mmse] #
o o] =AU

ole} e ==EHeiele] FIE IHsy] & A A
(Girder)®] X8} Eo|& FVIAA BAE sttt 0] 71
sk Aol vlelste] daFo] F7HEHEBRE IF3E552] ke v
H|stETh 4 A9 23l(Span)ye E°17] #13] 71E(PillanE
AR Wbl A &} ol o]d g AFTH ujx| <t
THEA 2E el AdFeke] F4d3 elgo] dasith £ 49
749 Fig. 49} 2] 1 4~5410]9l| 7155 AX|ste] T3
IFRETE VAT B4 F 25 ASddes Aok
49 F27d0] I 58} frAfste SRS AA ARE THA
QA ¥sla AFAH O Z 21 4-52] 437 F(Coupled vibration)
o] st I/FAET 7k mnlsiR o IHo RN Zed
g 27 W& Y 9.3Hzoh] FX 3|9 Aafstch

33 24 2t 2 oy
GRTRE) FANFSE £0I8 FHAA BABARE T2
o Aego] Ae e Mg FHel WHAFTO WEE 7}

Table 3 Vibration Measurement Condition

s)sle] e Yot 7% SRTE Aol FEe 14 A

AEIE }x:] T e A& Took sk 134 ¢
7.

4. H|2(Beating) S&EA A

4.1 WEERI7|MO| HIEl A

3, 98 Z2AY WhE] S0 A% Ao Y= 52
A9 2 20l 1 AT W) A9 12
A

289 3| [Tt 8] HLA ke A
o} Ztobxlth 3= B (Beating)©] HA FTh 4
OHN—/\]-EH oz =

4.2 MFNM HIZS Bl ChEH A

421 AF A=43

Ao M o] Mg ASZ7L Table 33} 2L

59} )
H® F7](Period)= 2 3)% 2T+

Vibration Level

2 A, AhLeat T g HEE A
zaHg o ALFE Y| fAGH= AL

cHa4-E

T - I )

Blade Passing Frequency 9.3Hz

Vibrationmm
- N w

5
Frequency(Hz)

Fig. 5 Vibration level at deck

[eX Xe] [e)
'E‘Z%‘)]T

. s 0 1 I I I
93 15 20 25 30 35 40

Load Port propeller RPM Starboard propeller RPM RPM difference

*Period (7)

85 % MCR 140.1

139.6 0.5
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_ 60 3
"~ Bade Nmber X ARPM’

* Period(T)

Blade Nmber =4, ARPM= 0.5 .". T= 30Seconds

AR 85% =04 =}, ¢& zZZA2] 27)(Blade) 7+S] RPM
2ol &= 0.5RPM .2 7]+ 30&°]t}. @7l FE5%(Blade passing
frequency)] 9.3Hz oA BIE @/go] AT Ho F =
L 72mnysE AF 712X 2.5mmys o8] oF 3uje] I 2%E
o] AZE AT

HE o2 QI3 7W(Cabin) &2 #HWL 65-70dBZ 7|FX]
55dB ti¥] 10-15dB =33+ “defo] St

422 ZEA WEey A

2y 7 2] RPM Aolet At $% ZolE Ao
& A AEede] duh ASEAE ERlsy] 98 AA
5 Hoo =z yPAsta =2 X 2702 7171 (Source) =
F1 AA T Agshe WEdES AL

z2delo] o5 MAd] AgE= F, ¢ 2] MEY
9] et 8k melle o5 Aok Fig 63 2] H(Port),
F(Starboard) ZE2H A 742} D D o] ARrE Dozl ¢
oo] MA| x| tiste] Fe] 2o o3 FidE= W
FdEe] Azt digk W3 Fi)E A @99k 2ok

D,
F(t) = Ppsin [wap (t - @) +¢P}+ P, sin {ZWfS(t -

C +o,

Q)

A7IA, pe ZE2FY ATYY 27|, v =249 1A F
g, o2 MY 2%, o5 ZEHY9 2|¢delth
ArA# RPMY v AIG |s givka 7S 9 z2 g
HE o] o 9)/d(Out-phase)d 733 &Y 2| (In-phase)ell Bl
HiEkeEo] oF 40% 243k Th RPMo] PlAsH W& A$E= oF
30% ZAagtt 2§ Zz2dert SYFOR M -2 (Fig

Ship Bottom Shell
O

Fig. 7 Resultant force of in-phase

Fig. 8 Resultant force of out-phase

= I} (Vector) T Resultant foree)o] A ko 2 488
of AA| Q% So] A2 WA Hek e} w94
B Fig 85 SPAE Q1) 2 3 ZRgele] wE] W) sl
A2 gAEEE A4 2% SHE Haske S ok

423 =24 RPM Aolol| w2 5 @4 4

3 zZ2He]o] RPME 14002 14y $3 z2H9)
RPME- 140, 138, 136, 1342 W73 HA] -8 Z2H ] 2459
5e] AsE #A3 A3 RPM] Xpolol W X5 H4LE Table
49} Zth RPM ztol7} S5 HIE F717} #obA™ 136RPMO
A FE ol 77k 2709 FarR EEEh XE -SH2 270
o] 71 o] F3NAA 7HHEE vE wfe] SHET} HIE o] A|A
ol 2719] FHrE B FHAS H97) 25% FASFAT

Table 4 Variation of propeller RPM

Port propeller Starboard propeller RPM difference Period [s]

RPM RPM
139.8 0.2 80
138 2 7.5
140 136 4 3.75
134 6 2.5

4.3 24 An}

HIE o] BARIRle F, § mEAe] Abole] RPMAFO]Y 23]
F71- 07 WAttt okZo] RPM 57]3KSynchronization) ¥+
2 H" & Alofelhe A2 ofH ¢ BRItk dAx o= s
g, ¢ Z2dgo] RPMS FUHA FASHE 2L s,
FFAAA L B34, SAME, 4948 58 188 o BV
ol 771 wlZoltt. AT #)/d(Phase) &713H= T Z=d
29 HEYE S 994K Out-phase) O 2 AoSHA =W WE<t
o] eR3Y 1A Aow BAEQ

4.4 CHRH =2l

&, ¢ =292 RPMA[e] R Q1% HIE d/4-& AlAstaL A
of Z-&== Z2de| 717199 WE] F(Resultant pressure)<
HaAF17] A8l =2 912" A Al(Synchro phase system)
& FXIA I A Al(Propulsion control system, PCS)ell 4853t
z2dy DTt &, ¢ Z2hy F9] dAE AA
F A7) 1 AAE & SAC XA 71E F53A)
A 24 3'd(Control panel)oll S=goE Frl= 23Tk
3k FRAAA A A AAE AT A2 AZES o
AadelE ATk

N

¢

TS
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45 gnt met

4.5.1 H]® |7 (Beating elimination) 23}

Fig. 9914 HE ule} o] z, ¢ Z=23E 9] nA3 RPM
(0.5RPM)F} HIA|E 9°42H(5.7) APol& & A%, R’ @4o] &
A=A o™ RPMIT Ad2He TYsHAl A 4= HE &
e AR oY E FEe FolEX & st §leol &
QA= AT

4.5.2 $173A o) (Phase control) 23}

Fig. 103} o] &, ¢ z2d2]¢] FY RPMF 93-S A&
7350l B3l HU RPMIF 4559 %7] E7HZ(Initial blade
algle) Fol& & 73-9- 180=2] ¥ 91 4 9-5(Out-phased pressure
pulse)"] 1AL R E-SHE oF 30% Tadhe HeE FHE
A=At

Beating occurred due to small
RPM difference & phase angle of
both propeller

Propeller Phase Difference 5.7°

Fig. 9 Propeller variation 0.5 RPM, phase angle difference 5.7°

In-phase
No phase angle difference
Same RPM

Propeller Phase Difference 0°

Fig. 10 Propeller Variation 0.5RPM , Phase Angle Difference 45°

5. —2dlz| 7|XI2d X2t cHRISE

5.1 ZHE AHHEIAM|O[E{(Moment compensator) &4X| ZE(Kim et
al., 2012)

&, ¢ z=dgd ofs Y= sl ek IS WA
AA NEE Aele WHoE ERE A o]E(Moment
compensator) A8] AX|7} AEHTE A 2R 93
TZEo MFdio] AT Side shel)S I A== 74
A (Girder) AANA UYeh e 72 AAHQJ] AFOIBRE o]
g FEREY &5 MiEE IS Jfetd sl AdE
A} 732 AR(FEM, Finite elements method) S AM8-8le] X2
He] 2ol 1283 (Compensating force)S 2H&-A1A &f|4%k
A Adn] B AFTS e sdde] Ak o s ofF 50%
ol A=A

Beating was eliminated due to

same RPM & phase angle of

both propeller

Propeller Phase Difference 0°

Out-phase
Phase Angle Difference 45°
Same RPM
(Vibration Level Reduction By 30%)

Propeller Phase Difference 45°
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52 HHE ZHMOE A AX|

A 2] 21§ B 37](Vibration compensator) ] X|= U] =2
H 2] =I5 (Propeller pressure pulse)©] TAJsH= fIX]olt}h. =
2 2 A g 9Ag 38 Y ¢ UES BEYUE
AzAole Au7E A HAD 347 58 SASE 5
Z7)(Synchronizing):= ZE}7]A, T2HE 473} RPMS 7
A& 285 A 7I(RPM detector)= A0l ZH2F A x| =| T},
ol& &l ZFoll= ¥ /NF(Opening)E Al33h= 5 "l

& TAE olFoFTh F BAVIE ME AR d
2] AH8-5 1% Gertsen&Oulfsen A} AlF 02 Bk} 9]/
Al Z2dy 7118 gidEE F7149 3
T e w4 E "A=Fo] AR oJal FHEEH 2
MEA R RgEs WAPA T AE7|e A A3
S8l =242 3} 523} FHKim et al., 2012).

tlo
>
i
_(?L
pYy
it
v

6. I=0} XE/AS XZF CHEEZ2

6.1 1Fn} 2SS/~ BN

Au)i Mo A 1T AFoZ QI Aol I LAY
o ol Zdz dEddd ofs) rixld Z=dy FHo
}oKSteel plate)oll )3 2ale] 71} Aujo] Aslo] 17
2(Structure-borne Noise)©]Th. Fig. 113} ZHo] 40~60Hz Alo]ol]
A eg g0l WYEIT ol Z=de 562 4

&
o WGl o5 718 el

ol ¥

dox

6.2 A2 ZA|XH(Damping material) &1} mpet

17T} AFOE QI3 VA A£S-S 23] fl8) ME9A] 3
‘G| Al(Sandwich panel system)”} AE=ATE Fig. 129} Zo] A
FHFace plate)S Aol Algsta 2B A2 F(Elastomer
core material) 2 Z2]-9-2€H(Polyurethane)S &2 (In-situ) Al
dated Alggith EE--dRe] vFe iy AR 7]E
T2} AdAtole] A 0 = Rl Wil A MR AiE
= SN2 T Aok =X de] a3E aetetr]fls)] 7]
T 724 Y T2 ATt AP A A Foa ol
HollA JF oA 2HRE I3 &gdlE vt FIEH AT
(Patinha et al., 2015).

Sound Pressure Level At Cabin Deck

50 60

125 20 315 40 80 125 200 315 500 800 1250 2000
Frequency(Hz)

Fig. 11 Sound Pressure Level At Cabin Deck

=N W P =L N 1] =
e & &8 8 & & 9

Sound Pressure Level (dBA)

Core Material
(Poly Urethane)

[Layout of sandwich plate system (SPS)]

Fig. 12 Sandwich Panel

6.3 222X M= X|T'L(Sandwich panel) AlS

Fig. 1337} 2] 712 AA Tz HRIES MFstA AA & A
ZAZ O AABY 30mm S FaL A3 3SS(Transverse
beam) AFOJALOlo] Smm H¥HFace pate)= S43H3cth 1Y TF
= ET5E® FForm)©] L Atoldll F=YE o 4AIZT FRF L
=ik

zageo] HEgeo] AYAoR Aedxe 22dy 2 A
B XA 35 (Transverse beam) 73 (Steel plate)] A Al
7b @AY 2719 dEE AvrldE AR FHwlrR
AA 5F Atoldl| Fig. 137 Zo] A=A #d-S AlFste
AA F29 58 AEE TV LEA T oduR] ol gk

AE TS Ads] B4 24471 Aol S8 HKim et al,

10~15dB

T

f

Bottom Shell 15mm

rlr
2
2
>
o
o
tlo
i
B
ofN
J {
[-'O
Rae)
3

Existing Structure

T

Face Plate Welding with Gap

_|

Face Plate
—— Smm Welding

e

Polyurethane Injecting

—

Polyurethane

Fig. 13 Installation of Sandwich panel
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7.2 B

1) =239 12 7138 A& 717083 AA7= e 1
RS —T—ﬂog % 9.3Hz A 9] Al s& E°17] 4
3 A F 3 A(Transverse girder)2] FAX|G9) Zo|& 5
7R 2357l niFete] Aol SR T2
IFRES Hsks mAEth dgdez EEEe] ga
=3 vu]E ok

@ AFT HA %

(il AT GBFES TRAFE ZNE DR
N5@illanAA AAZAL D] FEF DAAA o]

@ BORA W3 AL 0 AZ G0l o Ashs

o
) ﬂtﬂ(Girder)%gl 223 (Span)=
dell Fes] Z HellZl(Bracke S B3

o] FEAY ARE FMAA Ha a7 024 IH3
/\ oh:].

(3) #, ¢ Z=2Ado] RPMALCIZ QI3 HIB)(Beating) TS
AAsE] fal Z=2de 9)°d2"d A A (Synchro phase system)E
AXste ¢ Z=de RPMY S 248 23 S
ZH(In-phase)®] 79~ HI®o] AARE2tE F #E- FHAHA
Btk 2, ¢ ZE2AY AT AolF 45°2 AT 99
(Out-phase)’d-%- % #HWo|] oF 30% A7rge] FA=HUT. 4
HH oz A AF Tmmyse] HEL 5.0mm/sE A AT

e Jij‘lﬂi 7]7‘]E'£’|% ZaA7)17] S8l z2h 2GR 3
ol HifiE = = Agste ERE HAAolE
(Moment compensator)& X3t F 719 HA4 | AFo] AF
Aol g3l FEEH F, ¢ 7—}7—} NEH o2 pha-g-eE Ay
ANZ A3 JFEEL 40%0)1 TAE T ARE o g (3)3ke]
a3} o] WF A8 25 30rnnvsf-z%1 A5 TARAE T
3= Fo 2 3RAE QT

() LFHRFOE QAT AFFYG A A3(Structure-borne
2717 Al =2 ZFR o] =X

AXste] Ag FAA 55dBE OiF-E w

749 Pe

noise)<

J(Sandwich panel)&

ol o 4-57) AL HF BN Hol AT AT ARGA
(Specification) S7ANE EFEo 2 FAJE|o|EollA sl As)of
.
ool A AHE uie} o] 1k ALY A9 g 7tk
& 87 ZZ(Comfort class 1M)S 100% UJ%—A] 71719l |
U B2 AR =8 9 Bjgo] 2oHER TP $a% wE
< Au] B 2 gde] Ag 7S vl HESst 2]

dFotel Folg B3l 1 79 AFTY wiAE st A,

AN 5 AE, A2 QFF0] AT A4S wix|3H= Ao]

Ao weto g AhETh wak B Ao AES 7143 A
Az

AN FF=H] AFHA A, A=
T A7E 7|ttt

B rEe oAy Q%48 Bok /&3 Anelel w7t
REL BT AFH A=l A AEE 93] AR T4
e 257 2=,
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Fig. 3 Model setups for the wave flume tests
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Table 1 Computed wind and current forces on buoy models

Current

Wind

Center Force Center

Force

Buoy

[m]
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[Kef]
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[Kef]
5.714

LL-26(M)
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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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