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Numerical Analysis of Orthotropic Composite Propellers

Ji-Hye Kim g

Byoung-Kwon Ahn®" and Won-Sun Ruy™

"Department of Naval Architecture and Ocean Engineering, Chungnam National University, Daejon, Korea

Ao Py Biad Zede s

KEY WORDS: Composite propeller
analysis A4-7-%& 443314 Lifting surface theory YF¥Ho|&

E3raA] 292, Carbon fiber reinforced plastic &

Ao/ 8 &2}~ 8], Fluid-structure interaction

ABSTRACT: Flexible composite propellers have a relatively large deformation under heavy loading conditions. Thus, it is necessary to accurately predict
the deformation of the blade through a fluid-structure interaction analysis. In this work, we present an LST-FEM method to predict the deformation
of a flexible composite propeller. Here, we adopt an FEM solver called OOFEM to carry out a structural analysis with an orthotropic linear elastic
composite material. In addition, we examine the influence of the lamination direction on the deformation of the flexible composite propeller.
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Fig. 4 Simply supported composite plate under cylindrical bending
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Table 1 Material Property of simply supported composite plate
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Fig. 10 Iteration procedure for the prediction of behavior of propeller blade
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Table 3 Geometry of KP534 propeller

r/R P [mm] X, [mm] 6 [deg] ¢ [mm] f, [mm] ¢, [mm]

0.18  834.7 0 -4.72 168.7 5.04 45.85
025 8912 0 -6.98 190.9 5.94 40.71
030 9269 0 -7.82 2048 6.33 37.12
040 9783 0 <174 2288 6.43 30.47
0.50 1007.9 0 -5.56 2482 5.73 24.59
0.60 1013.0 0 -1.50  260.5 4.74 19.47
0.70  996.7 0 411 2617 3.86 14.92
0.80  956.6 0 1048  246.2 3.10 10.73
0.90  900.6 0 17.17  203.9 2.24 6.93
0.95 8683 0 20.63 1622 1.72 5.28
.00 833.1 0 24.18 0.1 0.67 3.69
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Fig. 11 Discretized propeller blades and trailing wake
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Fig. 12 Comparison of von Mises stress distribution acting on the
suction side of KP534 (585 rpm, J = 0.8, 0 = 6°)
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Fig. 13 Comparison of displacement distribution acting on the
suction side of KP534 (585 rpm, J = 0.8, § = 6°)

Fig. 14 Definition of the mid-surface and the fiber orientation angle
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ABSTRACT: In this study, the free motion of a riser due to vortex shedding was numerically simulated with Large Eddy Simulation (LES) and
Detached Eddy Simulation (DES) turbulence models. A numerical simulation program was developed by applying the Rhie-Chow interpolation method
to the pressure correction of the OpenFOAM standard solver pimpleDyM~Foam. To verify the developed program, the vortex shedding around the fixed
riser at Re = 3900 was calculated, and the results were compared with the existing experimental and numerical data. Moreover, the vortex-induced
vibration of a riser supported by a linear spring was numerically simulated while varying the spring constant. The results are compared with published
direct numerical simulation (DNS) results. The present calculation results show that the numerical method is appropriate for simulating the

vortex-induced motion of a riser, including lock-in phenomena.
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Fig. 1 2-D grid system for solver comparison

(a) standard solver

(b) developed solver

Fig. 2 Comparison of pressure and velocity fields of standard and

developed solvers
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Table 1 Comparison of drag and lift coefficient and Strouhal
number with other research data

Cl
Method Cd (RMS) St
dynamicKEqn 0.985 0.115 0.211
Present cal.
kOmegaSSTDES ~ 0.975 0.103 0.211
Lysenko et al.  Smagorinsky 1.18 0.44 0.19
(2012) dynamicKEqn 0.97 0.09 0.209
Lourenco and
Shih (1993) PIV 0.99 - 0.22
Ma et al.
(2000) DNS 0.84 - 0.22
Wornom et al.
Q011 LES 0.99 0.11 0.21
Ouvrard et al.
2010) LES 0.94 0.092 0.22
Meyer et al.
2010) LES 1.05 - 0.21
Norberg Exp. 098 0.04-0.15 -

(1994, 2001)

dynamicKEqn

kOmegaSSTDES

Fig. 9 ISO surface of @ = 0.5 with velocity magnitude contour

Fig 9% @ = 053 W& 7MAIgkel a-lolt) @& 2% (Vorticity)2h
WL (Rate of strain)@] xS st 1/2{tr(D)? —tr(D?)}
E AR pE ST 94 ou /o SVIRITE £ dREE
BE F71AR1 o4& F @xdo] WEstAl vEhtal 101, Shear
layeroll A #7198 2+ o7} WHEHEA F5ol 723 BFoz
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3| Hs= F 2R (Primary vortex)$} -5 WO 2 3| HSIHEA o]
7} Eoly= 2w 2ofke] 9lRib-shape streamwise vortex) 2 7
He @dol] 2 vehta ok 719 eke] T3 Aulm mok
9] 97} BA Eoluh= 42 k-Omega SST DES EHolA T
T Ul 1o, Shear layer vortex®] SHIAYLS
Dynamic % equation =2 A o F25A Uehdt)

4. 2-XI2= 2}0|X29| Lock-in

= golA 9] s FUI =AM EolHol HRF
AHEE Fol golAe] AFRFS Atk e AHg
¥ GHF 2492 Dynamic k equation =20t} 4] (9= *F5UA
2o 2 ol s} stH 2] (1003 2T 4] 99 y= ¥4
Fo et me AH o= AT, kv 2XRAdTo|a
21 (10)] 12 2o]A o] dolE ofu]gitt. gto]A] AFllA 74
A O ‘Co|BRE AN nF 2270 s YehlE= 2
H&E= U 7F glelA e Asel Fa7 A "ok & Al
A& Table 29} Zo] AYtiel 22 AH9 fAd=y A4y
Ao vl(d @)zt 20]a ZHEET 33 6, 991 21004 3
A& Fstnh

(o]

¥ ¥ kY A1) ”
y+ G+ Ky = % G o
e U5 b e 5

2lo] A o] WM AAIE-E Gsell et al.(2016)2] Direct numerical
simulation(DNS) Z 39} B3t Fig. 109 YeRATh 7} 32
ZhNMe AFA/AH R 7|2 ATaHe} ul$ AR
AFE Hole AL B & Utk 1Zo) 7k 2 vt 69 =4
MM F717F tha A AT dAH o FARRE AEF
< Rolx Utk v 7t 981 =AM E AFr) o] MFo] X47
o2 AEE] W] Felo Mo w Ay JES AAS
o WEbdo gtolA 9] x1Z&3 717} Gsell et al.(2016)2] DNS
a4 Aot w9 FARS B 4 Stk Fig 109 AIAIE dlo]
B2 glojAe] A< Yehld Fig. 113 2t} Fig 11 A3
o B4< o FElehA £d3ly] st VIRARHIE YR
F3AE U7k 30 A Ak 8ol 7k FElR 53k
Ha 7 99l A9olE Surgeol wlS- Zol sway 5]
F2 Ve A 9tk Gsell et al.(2016)2] DNS A9} w9 AL

Table 2 Computational conditions for lock-in simulation of riser

U 3 6 9
K 21.635 5.409 2.404
n 2
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Fig. 10 Comparison of time history of riser displacement with
Gsell et al. (2016)
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Fig. 11 Comparison of trajectory of riser with Gsell et al. (2016)

Present cal.
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Table 3 Drag and lift coefficient and Strouhal number in each

condition
U 3 6 9
cd 1.720 3.075 1.2273
Cl (RSM) 2.697 1.771 0.021
St 1.03 0.83 0.76

3 AgS Hole A
olA AFel AP A= At
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Fig. 12 ISO surface of @ = 0.5 with velocity magnitude contour
for 2-DoF riser
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characteristic ZH<=54

ABSTRACT: Plywood is a laminated wood material where alternating layers are perpendicular to each other. It is used in a liquefied natural gas
(LNG) carrier for an insulation system because it has excellent durability, a light weight, and high stiffness. An LNG cargo containment system (LNG
CCS) is subjected to loads from gravity, sloshing impact, hydrostatic pressure, and thermal expansion. Shear forces are applied to an LNG CCS locally
by these loads. For these reasons, the materials in an LNG CCS must have good mechanical performance. This study evaluated the shear behavior
of plywood. This evaluation was conducted from room temperature (25 °C) to cryogenic temperature (-163 °C), which is the actual operating environment
of an LNG storage tank. Based on the plywood used in an LNG storage tank, a shear test was conducted on specimens with thicknesses of 9 mm
and 12 mm. Analyses were performed on how the temperature and thickness of the plywood affected the shear strength. Regardless of the thickness,
the strength increased as the temperature decreased. The 9 mm thick plywood had greater strength than the 12 mm thick specimen, and this tendency
became clearer as the temperature decreased.

1. = 3 Utk @Al LNG CCSE Membrane type©] 28] ©]-&= 1L gl

o, Mark-III type} NO96 types F= A3tk
T A G okl Al FASALZ]T-ell A 2] NOxF SOx Mark-Ill type 12} WHOE @ AHUo|E A 2"lE]x 7
oF &2 7o wiEvks AR st WA oAl o (SUS304L) = F= ARESkAL & WE BAE ffe 531 Y

3 A7k~ (Liquefied natural gas, LNG)E IEZ AME-317] {8 o2 Azsid, gddidE A3t Z2]9d9%  EReinforced
shikslA] 22lola gtk o] <lsle] AMFH AT}~ FZ A polyurethane foam, RPUF) ¥ Z&}o]-¢-=8 ALg3Ic) 23} v &
gk Ao} o] A&EHI glow, Mt &Rk 8 S5 BFFANER 74 B Triplex?t AR L, 23 B A
A FAsA Zkeka duh AArks S e FUI 3 Abelol &4 3d 3, miago] /X ETh NO962 12} i, 2%}
ol o B2e AA7tAE HAS] 98 48 0.0MPaclA -16 B, 36% UATEEE AR Invar steel?} A Helo|ER
3Co £52 WA RIS /6002 E9 &3 Oi A TEE Sl GdIdR o] FolAHth

2 o3t} o] LNG SHEH Yo FAL a4 FAE ¢ FH ZERdE: A E2vdE F3 22 LNG CCSell A
8] LNG CCS(Cargo containment system)E T-HI3ld 7|8t2 ¢l SH& A=ol e B2 A3 d77F JAPH L ATk Park et
3 EAFS Has} vk AArbs SHbdolA Z1stEke A al, 2016). ING Sr=AER A UlolA Ao Apst, Aol &
el Z2HdlA 7bg FaA HE FRos go A7yt 1yy  Asta, =3 2F AN AAS=] S24(Sloshing) 0E
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Compression Load | 1

Primary Barrier |
(SUS)
Plywood(9t)
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R-PUF
Plywood(12t)
Mastic

Inner Hull—

Fig. 1 LNG Mark-III type and location of shear fracture

Fig. 2 Shear fracture of plywood in Mark-III type
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AollA -go] 57] Whio] dol o3 £33} Wgo] WHEs) A
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BE AR OE I8 5 9 FFES 7RIt FEede &
o] AL =o £ 9 PAES 7} I(Yang et al., 2007), ST}o]
ST} 2ERIE 2 o] Ae- Ze gk Foll vls) duiFos
2o Invar Steel®] ¢ & 0] A TS 314 =tk
(Clark, 1968). 7L A3}, ZF A 52] @ 75 B W ZJo| £ sl50]
WAgT) o]E gk B0l A Feto]9-Eof 5 9 Qo] HAYE)
o, &F dF3te o ddskE A FWeA "ok 53
Mark-IIT Typeol| A= Fig. 13} Zo] nfxB#) HE3hs FiofA
ZATko 2 I mho] WASHA =7 wjiel A7 FAlA F
o] 9-ro] At ghkol thalA WASL Utk

3 NO96 type= Plywood boxE AHE-3IEE Th<=o] tulgh
Z= g1r7} H4A o] th(Park and Lee, 2018).
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o] e-=o o A7 GA PR vk Yot FAL Ao
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= 239 vt glth Fig 25 AA EEfole=rt ddE e o)

ko] WAYGE Zot), o] gk dAdo] MAYSy] wfEel dekTk
<ol i3k Hrt B2 o]H(Kuo et al,, 2009), & Aol A
HdE 2 IEEA gt 45 gstETh
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Fig. 3 Test specimen dimension and strain gauge position
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Table 1 Shear test scenario
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Fig. 4 Plywood shear specimen and experiment apparatus
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Nonlinear Dynamic Analysis of Steel Lazy Wave Riser using
Lumped Mass Line Model
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A gRIrdS o] &3 Steel Lazy Wave Riser®] HIAY &4 4]
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KEY WORDS: Lumped mass line model JZ&% #RIE%, Explicit method HAZ w4, Dynamic simulation &2 AlE#°]A,
Numerical code 2|ZE, Steel lazy wave riser(SLWR) A8l 2}o]#]

ABSTRACT: In this study, the numerical code for the 3D nonlinear dynamic analysis of an SLWR (Steel Lazy Wave Riser) was developed using
the Tumped mass line model in a FORTRAN environment. Because the lumped mass line model is an explicit method, there is no matrix operation.
Thus, the numerical algorithm is simple and fast. In the lumped mass line model, the equations of motion for the riser were derived by applying the
various forces acting on each node of the line. The applied forces at the node of the riser consisted of the tension, shear force due to the bending
moment, gravitational force, buoyancy force, riser/ground contact force, and hydrodynamic force based on the Morison equation. Time integration was
carried out using a Runge—Kutta fourth-order method, which is known to be stable and accurate. To validate the accuracy of the developed numerical
code, simulations using the commercial software OrcaFlex were carried out simultaneously and compared with the results of the developed numerical
code. To understand the nonlinear dynamic characteristics of an SLWR, dynamic simulations of SLWRs excited at the hang-off point and of SLWRs
in reqular waves were carried out. From the results of these dynamic simulations, the displacements at the maximum bending moments at important
points of the design, like the hang-off point, sagging point, hogging points, and touch-down point, were observed and analyzed.

1. M = FEo A (Buoyancy module)E A *| g+ Steel lazy wave riser
(SLWR)7} 7= -8 7Fsdo] AESI 3tk SLWRS
Aafjoll A A2 gt Aol el wat Al & FEAE B8 oA FRgEs
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g2t = Q7] Wi o] E&FQA AAYE otk Ald] HF  2017; Park et al., 2018; Park et al., 2019). ©]<} &2] SLWR 3}
9 Tl Aabol A= AAH G840l =2 Steel catenary riser  Z]Hol tigk A7 AHHSE =ETHRuan et al, 2016).
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Table 1 Steel Lazy wave riser parameter (Ruan et al. 2016)

o)A ]

SERHAL 2 Au) B
oA 5% |

3k Runge-Kutta 43+ A|7HE R
3. XA 2 Az

SLWRE RAZ A% 715844 ulaago] Zai7] mEo]
383t A28 d(Static configuration)ol| 4] B]4E F&3|Ao] 4
Y= o] FAH g FEAot}h B AT = Oh et al
(2018)2] AT-ollA A& T o|¢hHE A o2 sl A
e F431rh SLWR SHEAE E<laly] 95t &
ARy A g ezl sid g 2 5 FHAS
tod 45 AR, A 2 57 HoiAA lﬁh BT 9
A ANAHES SHAHAEL E&E AHy £9
wEBIRT. 1o e A2
< 13817 f5k g AZE o)1 Orcaflex
T Akl AHEE SLWR] Al
uan et al.(2016)°l 2J3) AIAH Table 1] AYUS &3+
o} & Aol tidte] Oh et al.(2018)°) 2]3] A& 34 o] 48
vl Atk Hang off A|EL (0, 0, -10) &3 Anchor A&
(2340, 0, 1255)2 EUsHA AAstaT).

J?.i
:°|1:."

I ﬂ of
o
H:l
5,
{mt

m
Lo
>
2

Mo 24 [ Fo 18 o
X o=
ox
dot
oX,

3.1 SLWRQ| HAIm&

32+ SLWRE] A4S 4Hg3t7] ¢8] Oh et al.(2018)2]
FHolE ARSI 814 AXH= Oh et al.(2018)% FY
SHARE 7} @40 Wi} Agah= T Y] 2 AolA Ve
uie} Zo] 32kl o2 AEIGTh T ool o g Mg A
7 22 2= Oh et al.(2018)°) 7]1&=o] Utk dol] ALgH
84F Ruan et al.(2016)°l 2J3)] 3= A9} 2ol F 3177
£ ARE3IR o Q4o vl o] 10mE FY3HA RdEs}
Atk 3" Al A3E Oh et al.(2018) L8] Orcaflex Al
AR}l A viwstdoh A4 Wy e AR N, FELY,
w3 ZHlES} HAZES Fig. 40 =A8FS AL Table 20 S9Fs}
Atk 4714 7,,,%= Hang offll X §&49, 7,5 9 #F=
oA FEAE, M= A A ZHES] 7], M, H
7 BHES] 771, 0,,,+= Hang offoll A Azt XTD = A
99 «AH 2L Myppap. = BATE 9

Aol A-ANA e Ho w7 ZHES] 37§ Jepd £
o] A7} Bl AL AFAET oF 0.6% oHE Z IXT
ol 3t

[e3

qwd =2

mlo oo o
g T2 IM JP'

3

Buoyancy riser Touch down riser

Item Hang off riser
Segment length [m] 1,600
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Inner diameter [m]
Dry weight [kg/m] 270
Bending rigidity [N-m’]
Axial stiffness [N]
Inner flow density [kg-m’]
Seabed stiffness [N/m/nr’]
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1.137 0.457
0.406

697 270

1.66E8
7.098E9
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Fig. 4 Static results of steel lazy wave riser
Table 2 Comparisons for static configuration
Item Unit Present results Results (Oh et al., 2018) Results of Orcaflex
Tiop [kN] 3088.9 3080.3 (0.28 %)* 3089.7 (0.03 %)*
Thor [kN] 594.4 593.0 (0.25 %) 595.9 (0.25 %)
Miqe [kN-m] 587.9 587.9 (0.00 %) 587.0 (0.15 %)
Mg [kN-m] 624.4 625.8 (0.22 %) 622.3 (0.34 %)
op [deg.] 168.9 168.9 (0.00 %) 168.9 (0.00 %)
Xrpp [m] -1359.9 -1359.5 (0.03 %) -1360.0 (0.01 %)
Mipp Max [KN-m] 556.9 556.8 (0.02 %) 553.4 (0.63 %)
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’Jv\ Table 4 Dynamic analysis for SLWR excited top-end
Wave 3 #%_‘LFE%CH — Item Unit Surge motion ~ Heave motion
X Amplitude [m] 1.54 1.54
Hang off paint O Period [sec.] 20.94 8.0
HATGAe w3 ZAE HuiAolxe] F2He, de
Hog. point =3 muEY WilE Wds] Aurgith

N AE A7) gk SLWR 53 332 Fig. 69 £A5+9]
s o/ © Sag. point G, RS RS sl B4 479 Y =
THZ maz. peint ME AAY BATGE 99 FY ZHE AAe $7
gHol e Y 4 otk 53] BATe 99 9 2
Fig. 5 Schematic diagram for dynamic analysis of SLWR E AR e T4 $E drdare] #4 7 o 23%
2 AYTEEY £FH oA $HE BN UL
Table 3 hydrodynamic coefficient for dynamic analysis gl s Aok o= SLWRE| & &3zl 540t} vl Atk

: o] H Orcaflexs] AL wl§ 2 AAPL FAAT

Item Quantity _ _ _
: A5 QAR AF AR OE fagEs g3 waE
Drag coefficient C, 1.2 o) NADE HFAFE Ahexte}l a4 Fig 700 ’\]'5“}93\ o
Friction coefficient Cy 0.08 o AADe] AUk HEGS Table 500 Helstan). A5 o
Normal added mass coefficient C,, 1.0 AR Sl o3 GEAE S oF 328kNO| B2 AES 7]—7<]tn]
Tangential added mass coefficient C, 0.08 BRI 2Ud Fr)e A% olstact AT 57
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Fig. 6 Dynamic displacements from surge-excited motion
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Fig. 7 Dynamic tension and bending moment from surge-excited motion

Table 5 Comparisons for dynamic results of surge-excited motion at top-end of SLWR

Item Unit Value Present results Results of Orcaflex
T [kN] Max. 3113.4 3115.6 (0.07 %)*
“r Min. 3080.6 3084.0 (0.11 %)
Max. 599.5 599.1 (0.07 %)
M, kN- .
¢ (kN-m] Min. 5759 5753 (0.10 %)
Max. 633.2 632.4 (0.13 %)
Mioe [kN'm] Min. 612.0 612.6 (0.10 %)
Max. 567.4 565.5 (0.33 %)
M; fax kN- .
P M (kN-m] Min. 5423 541.4 (0.17 %)
* Difference between results of present code and Orcaflex
3000 —— Present cal.
2500 To N
0s LN NANANNNANANNNNAN
F2000] %Q%QQQ%Q&Q&&Q%@“QQ%% E S ——
éﬂ 0 % :§.'0-1 [ Sagging
< 1000 i | W 111} 31 "R : Hang off
( ‘ §. 5 L ang ol \
-1}
0 -1.5 2
0 20 40 60 80 100 0 20 40 60 80 100
time[sec.] timef[sec]
Dynamic displacement z of SLWR in time and space Time histories of SLWR displacement z at specific points

Fig. 8 Dynamic displacements from heave-excited motion
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Item Unit Value Present results Results of Orcaflex
Max. 3661.5 3647.2 (0.39 %)*
T;op [kN] :
Min. 25324 2551.8 (0.77 %)
Max. 612.2 612.1 (0.02 %)
Mg [IkNm] Min. 562.0 561.5 (0.09 %)
Max. 643.3 647.4 (0.14 %)
My, kN- .
fog [iN-m] Min. 597.5 599.6 (0.35 %)
Max. 582.5 579.4 (0.53 %)
M; ax kN- .
P [(kN'm] Min, 530.6 527.0 (0.68 %)
* Difference between results of present code and Orcaflex
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Fig. 9 Dynamic tension and bending moment from heave-excited motion
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Table 7 Dynamic analysis for SLWR in a wave

Item Unit Wave motion
Amplitude [m] 5.0
Period [sec.] 20.0
Heading [deg.] 135
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Table 8 Comparisons for dynamic results in wave
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Item Unit Value Present results Results of Orcaflex
v [KN] Max. 3106.0 3109.7 (0.12 %)*
o Min. 3089.0 3090.5 (0.05 %)
Max. 595.1 595.3 (0.03 %)
M,, kN- .
g (kN-m] Min. 579.8 579.2 (0.10 %)
Max. 628.5 627.9 (0.10 %)
My, kN- }
fog [IeN-m] Min. 617.5 6173 (0.03 %)
Max. 561.4 559.8 (0.29 %)
M, fax kN- .
1or [kN-m] Min, 549.5 547.1 (0.44 %)
* Difference between results of present code and Orcaflex
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Numerical Analysis of Iceberg Impact Interaction with Ship Stiffened
Plates Considering Low-temperature Characteristics of Steel

Woongshik Nam®"
‘Department of marine technology, Norwegian University of Science and Technology, Trondheim, Norway

A2 AL EALS 183 AA B ET)
Wate] $4 45 g tE £ a4

KEY WORDS: Iceberg-structure interaction ®3h-7-% *4& 24, Ice material model ¥ A5 2, Strain energy density HEE oA
W%, Crashworthiness W5E A%

ABSTRACT: It is essential to design crashworthy marine structures for operations in Arctic regions, especially ice-covered waters, where the structures
must have sufficient capacity to resist iceberg impact. In this study, a numerical analysis of a colliding accident between an iceberg and stiffened plates
was carried out employing the commercial finite element code ABAQUS/Explicit. The ice material model developed by Liu et al. (2011) was implemented
in the simulations, and its availability was verified by performing some numerical simulations. The influence of the ambient temperature on the structural
resistance was evaluated while the local stress, plastic strain, and strain energy density in the structure members were addressed. The present study
revealed the risk of fracture in terms of steel embrittlement induced by ambient temperature. As a result, the need to consider the possibility of brittle
failure in a plate-stiffener junction during operations in Arctic regions is acknowledged. Further experimental work to understand the structural behavior
in a plate-stiffener junction and HAZ is required.
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Fig. 3 Fictitious ice element presenting node numbers

Table 1 Boundary conditions applied to the ice element

Description

Node no. 1-4 fixed at all degree of freedom (DOF). Node
Case 1 no. 5-8 are fixed at all DOF but have compress displacement

along Z-axis.

Node no. 1-4 fixed at all DOF. Node no. 5-8 are free at

Case 2 all DOF adopting compress displacement along Z-axis.

Node no.1-4 fixed at all DOF. Node no. 5-8 are fixed in
Case 3 X-axis direction adopting compress displacement along

Z-axis.
120
Equation (3)
u] Case 1
1004 o case2
A Case3
80
(;n: 60
&
40
20+
0 : ' E — .
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Pressure (MPa)

Fig. 4 Theoretical yield surface (Equation 3) and the material

behavior of ice for each case
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Table 2 Scantlings of the stiffened structure

Web Web Flange Flange
height thickness breadth thickness

Flat bar 410 mm 16 mm — —
Stringer 660 mm 18 mm 140 mm 20 mm
Web frame 800 mm 22 mm 140 mm 24 mm

___Web frame
800 x 140 + 22 x 24
Flat bar
410x 16

Fig. 7 Finite element model of the stiffened structure
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Fig. 10 True stress-strain curves

Table 3 Material properties and hardening parameters of DH36 steel

Temperature 20C -20C -60 C
Initial yield stress o, [MPa] 383.14  405.80 443.40
Tensile stress o, [MPa] 530.09 569.01 605.72
Percentage elongation ¢, [%] 34.77 35.31 35.79
Plastic hardening exponent n 0.167 0.181 0.194
Strength coefficient & [MPa] 851 933 1002
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Fig. 11 Load-crushing distance curves of the stiffened structures
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Simple Estimation of Sound Source Directivity in
Diffused Acoustic Field: Numerical Simulation

Kookhyun Kim®"
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Diffused acoustic field &4H&34, Reverberant tank plot HFFE%

ABSTRACT: The directivity of an underwater sound source should be measutred in an acoustically open field such as a calm sea or lake, or an anechoic
water tank facility. However, technical difficulties arise when practically implementing this in open fields. Signal processing-based techniques such as
a sound intensity method and near-field acoustic holography have been adopted to overcome the problem, but these are inefficient in terms of acquisition
and maintenance costs. This study established a simple directivity estimation technique with data acquisition, filtering, and analysis tools. A numerical
simulation based on an acoustic radiosity method showed that the technique is practicable for sound source directivity estimation in a diffused reverberant
acoustic field like a reverberant water tank.

.M B

oX,
)
>,
ol
ftlo
do
e
o
R
"o
.
>
Auj
i
~~
%)
g
o,
5
(e}
=
2.
<
g
=
5]
e
ry
)
i)

o
oo r
&

5 2= 123 (Near-field acoustic holography) 2] A&

A &FA (Directivity) % =33+ (Acoustic power)= A3 2 ZA71¥HE°] AL57|= shl(Barnard et al., 2006; Loyau et al.,
o £225AY %7 SFEAC YITHL et al, 2014).  1988), SAHA|2E D A o] HEH| R L80E SHA &
ol AW (Sonar) 5 FEAA og BA AEE FFEEE A £70]7] o} 5 XA A= H8Ho)A] K A
&4 SHoA wl¢- T893 ARE SLH 59U (Underwater 971 Bt} $HH, Kim et al.(2019)2 3F4=Z(Reverberant water
sound source)®] AL A WAL WabE ST A tank) W A Aol tiF AEH S 9% 1Hel+A
A St el v2 Ao x™, A-FaF(Free acoustic field) — WS Asty, o] TS b= S tish =&HA

Z1E I 4 Ju B3 vty 34 B3 F(Anechoic o] T3 JAEFE AES sl 1 EldA S AFAE TS
water tank)olAe] AlES F3] 4H4 7HsSthMolina et al, Aol oidt 71 Aol e AlS A7IS vF 9

2015; Robinson et al., 2014). F-&Fpzol A BhAM FaRE HA E =)A= Kim et al(2019)2] AT vHiE O =2 gz
gst7] f18l 7] == B2 Fefo] F9HEER(Anechoic material) 9} 22 EAH-EFK(Diffused acoustic field)ol A Y A A
£ 2 g REsr|= AT 4 A[-5FE 2L 4ol ARFHOZE FHE 7led ItolF A HE AYsla 1o
TFasplele AR 7EH AV SAUTHLIm et al, WE A2E FA, A 5E AAT olE fE)] Y A
2001). °1& SE3] A3l 5 a4 FAs Y AHA Fro|FA7 e ik o237 Jldel dls] soksty, AFH8

(Correlation) S F2438FA A7 HE|(Time-windowed filter) 5 & 218 T2 Axpoll i3l 7|&tich =3 7P 3=
& Fgate] WIS E AASE AE A 7HEC] BxF U 53U tid FAAEYAAHRE vRoE AHH A
o2 Z8ET UThBac et al, 2014). AE 2 T559 AT FA DolFA7IHY BHIAE S HEIT
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S99 AEFHL A (1) A A|S(Directivity Index, dB
re. 1) DIZ J2]HKKinsler et al., 1982).

DI=10log,,D(0) M

714, D(0)+= =YL F4(Acoustic center)¥ 2] Ao 4=
6(rad)ll Th3+ X184 A<(Directivity factor) ZM, &S Lo
Al el A APEE THelet 3 BRoA A4EE 3
A7F Tt 2ol Ysf off 4 (2)9 2ol xFE + U
ThH(Hazelwood and Robinson, 2007).

D) = (#)

7t ] A @7 2ol A== AR
FE wFIL(Wat) o} 59 S FoHel(Wat) S HERAT

W,(0) =4dr———=4 3
d( ) =4 pc 4 pc 3)
2
pA
=t @

714, S0)+= +LEY(Source output)(Pam)°|th. r& FF
L F249 Al(m), p, S FFF(reverberant field) S
(Sound pressure, Pa), p,(0)+ 2753 (Direct acoustic field) =
o A€ FEHAM)E AriR pot e B BE(kgm’)9}
SZ(m/s)°]th

SHA, ok Ul o] K- 2] A S-3(Total acoustic
field> 4 (5)2F 2ol HHFFEH IFEF(Reverberant
acoustic field)e] o2 & 4 Uti(Kinsler et al., 1982).
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2ol FAH 53] A r, o] AT HFg(=1/ry) thsh
EAIBFAL o]& A3 AE4(Linear regression analysis)ste] =
=3 AT A=A T8 ZoltKim, 2019). ©] W, F=A]
A(Fitted curve)®] 71&71= 4] 3) 4= AFak 52 8
gatH, A MES digh dEzkE 4 (5)A S4AF
@ & APgsheT AMggth

Reverberant Tank Plot @10000Hz
o T T T T —

- N N w
3 8 8 8
-\

Squared Pressure (Paz)

8
Q

o
o
=
RN

O Measured Data ]
Fitted Curve

0 L . L
0 20 40 60 80 100

1/ Range2 (m'z)

Fig. 1 Example of reverberant water tank plot (Kim, 2019)

Total field, p;

o
# Hydrophone array
ok o
1| Reverberant water tank
T A AP IAS L

Fig. 2 Simple sound source directivity estimation process

DI

Directivity Index,

Direct field, pg4
(i =p? —pF)

Reverberant
Tank Plot

4/ Rarged ()

Reverberation
field, p,



Simple Estimation of Sound Source Directivity in Diffused Acoustic Field: Numerical Simulation

R RN e S e G e R R e

@ Hydrophones for directivity
(O Hydrophones for reverberant tank plot

x':s\) Directed sound source

£ 0 R R R R R N R R R R i R
Fig. 3 Conceptual arrangement of hydrophones for the simple

directivity estimation

B AT A= Kim et al.(2019)2] ATFARE vigoz 4
AFA FelFA7EE APt 1o BE Az=He] FAH
HAE AN S A el Al2ElE Fig. 20 =A
gk vke} o] FFAHIINE ol 8% AS AF AsEFE, 5%
o8] ¥ S(Data acquisition, DaQ), FtHE ZE(1/3 Oct. band
filter) A&, AA 2% 2 HFFxs 7|uke S A4
(Fig. 1), At 242 5), A A5 4@ (1)-@) 5
9] Hxjol| -t

o] i, <% dloje 52 % FHSV e 5 njet AF
/3-8(Hydrophones for directivity) W&} &= %-8(Hydrophones
for reverberant tank plot) M@= &3t AX|$th(Fig. 3). A &F
AE g ¥ SFFAE FH 9 A A3
2 ujxe, JErzEg FASTIe ode +FsAE
A G2 Al 7Fsstda Ag] ATl Hggkel S8 0

EE x|t SFAIP HHEA (Repeatability)o] = 7
T, AR A7 TS Adstd 2719 A0l 53

=715 ol SA7IRA &% 4ol 7hssit

3. FX|Al=El0|H

=9 A el B8 HEE fl8l 7o 3k
o g A E 01AS FHIATE FAAEH A
S2F IFE o8 ST 2L AIEMH(Acoustic  radiosity
method; Kim, 2018)& A-83tH ). 7P kx| dol, &, &
& Z4Z} 5m, 3.5m, 1.47mo]H, o]ol e X nde yPg
20 E 8y, ugES 3072702 A4E HHess
gate] AdsIATHFg. 4). TAEDL AAZRACEZN, +H
Ao 2 Wiy uletE-e F2A41471 0,053 Bk
2 7Pttt mMAde EZ /MR, o] o, U=
2z} 1,000kg/m’ 3} 1,430m/s©] T
< Fig. 39 #5427 Mgyl wet 7Pdel 2k
FZ el S48 T4 2 uiR5lE, A8 488 g &
do2HE ¥4 02m B 450 10= (HH0 R F 36719
TR PRGN, FFFREE IS SUOERE
0.2, 0.25, 0.3, 0.36, 0.48, 1.0m °]AH Xl F 6719 FH o
2 sk o)A el o 5 A3 A Al Bl
o] o]AAT FIFE AES] 23] Sd2 YXHEE Table 17}

>

ALY
ot
4 N
)
|o [

R
oo
I
flo

&
o
o

423
N
>
<> S
e
< <
— o
S
.
S
S —
o
=S
zZ
X
y

Fig. 4 Numerical model of a virtual water tank

Table 2 Coordinate of the source position by the simulation case

Coordinate of the source [m]

Case No. Remarks
T Y z
1 0.250 0.250 0.250 -
2 0.250 1.750 0.735 -
3 0.500 1.750 0.735 -
4 0.750 1.750 0.735 -
5 1.000 1.750 0.735 -
6 1.250 1.750 0.735 -
7 1.500 1.750 0.735 -
8 1.750 1.750 0.735 -
9 2.000 1.750 0.735 -
10 2.250 1.750 0.735 -
11 2.500 1.750 0.735 Tank center
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02 0.25m o|A" $ o], Case 2914 Case 117HA]= HH L
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AAEE 025mollA 7P = F4loll aldsh= 2.5m7HA] 0.25m
AR F7MNZ f1F]olth

Yo 2= D= (Monopole) & 2=(dipole) == &85}

om, o] of, SFFHL W E 2 (6)° A =3 THKinsler,
1982).

W= 6
= a2 ©

A71A, p, = A 24 st SECZRE r (lm)THE Eo
0 Aol A9 Al -2 (Root-mean-squared sound pressure)<
oujsH, B=5-d3 A=l sl 2 (7)2FE 4HAEHTh

pcQk
4\/57r ’

o= peQidd . @
cosf, for dipolesource
4\/5%

for monopole source
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Fig. 5 Directivity index pattern by the source position: monopole source
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KEY WORDS: Artificial intelligence ?1¥A%, Deep learning H#'d, Big data WlH|©|E], Activation function &A%} 3, Disaster
prevention system 'A| A2

ABSTRACT: Artificial intelligence (Al)-aided research currently enjoys active use in a wide array of fields thanks to the rapid development of computing
capability and the use of Big Data. Until now, forecasting methods were primarily based on physics models and statistical studies. Today, Al is utilized
in disaster prevention forecasts by studying the relationships between physical factors and their characteristics. Current studies also involve combining
Al and physics models to supplement the strengths and weaknesses of each aspect. However, prior to these studies, an optimization algorithm for the
Al model should be developed and its applicability should be studied. This study aimed to improve the forecast performance by constructing a model
for neural network optimization. An artificial neural network (ANN) followed the ever-changing path of a typhoon to produce similar typhoon predictions,
while the optimization achieved by the neural network algorithm was examined by evaluating the activation function, hidden layer composition, and
dropouts. A learning and test dataset was constructed from the available digital data of one typhoon that affected Korea throughout the record period
(1951-2018). As a result of neural network optimization, assessments showed a higher degree of forecast accuracy.
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2.1 ES5(DL)E olE8 ASAZY(DNN) 22

A% AZ4THDNN)S  U&EZ(Input layer)® Z2Z(Output
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Fig. 2 Structures of neural network
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(DNN)L.&2 wdg 793t3ith

2.2 M| sl=(Activation function)
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Fig. 3 Neural network diagram of element
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limiter), $JA|+=g](Threshold logic)$H<~, ReLU % Tanh(Hyperbolic
tangent function) 5°] AH&FIL low YWk o= wol ALGH
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2.3 Dropout model

dutd oz 2yZFo] Jivt Vel wet oS Be 74
E A2 & g JIEE TF THo| FdEE= v, S5 HolH
o] HJshgoll o3l AA dlolEle tigk &t Frtske @4
A 3(Overfitting) 'HAY3tA S5k A=r) stgste EAH

o] WG} wEbA Y] g e e Hrie &
o] Deep learning®| 4] OverfittingS 7+4A17]E H %_E(Flg 5)

E. ¢35Lo)| A= Dropout(Srivastava et al., 2014)= 2



430 Yeon-Joong Kim et al.

12 Sigmoid Function 12 Tanh Function 10 Rectified Linear Unit (ReLU)
10}
10| | 8
06/ 6
08|
04t 4
§ 0.6 z 02f z 2
g £ o0 El
5 oa 802 20
3
-0.a} -2
02}
—0.6} Y
—o0./
0.0
-1.0 —8
0= 7 =2 0 2 % 3 B T S a—T 2 7 B Be =6 i -2 ] 3 6
x x x
(a) Sigmold (b) Tanh (c) ReLU

Fig. 4 Graphs of activation function

(a) Standard neural net (b) After applying dropout

Fig. 5 Dropout neural net model

2.4 sh&52H(Learning method)
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Perceptron rule, Gradient descent & 22} 7 34 (Back propagation)
o] th. olFllA FE AME-EE Gradient descent= W]3-2] 7Hd
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WeightS U0 E sh= ol @ u 2 283FolA 9
& WSt WeightE HHIo|E dh= otk 2 AFex=
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Fig. 7 Boundary condition
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Fig. 6 Feed forward method
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85 tlo]El(Study data)Q! ElZ2] F2 AR o|FAHE, T4l
719t ¥ o] F& 5ol tigk AR = National Institute of Informatics
(NIL, 2019)°14 #|3-%& Digital typhoon ©]-&3c}. B %] o]
S9AE XS] 98] Mesh HIOlEE TEeHE om AR
e AT 47 202 FESAtHFig. 7). =3 Digital typhoon
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Fig. 8 Real typhoon route for Test typhoon
Table 1 Parameters for Neural network
Parameter Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Model Deep Neural Network (DNN)
Mesh size 2 degree
latitude : 20°~ 50°
Mesh range longitude : 115°~ 145°
Input parameter Route, Pressure, Moving speed
Dropout X X X O O O
Activation function Sigmoid Sigmoid Sigmoid Tanh Sigmoid ReLU
Hidden layer 2 layers 3 layers 4 layers 2 layers 2 layers 2 layers
Input units 675 (225%3)
. . 1 layer: 675
Middle units 2 layer: 675
Type-A : Study Test data / output 214 (1951~2017) 4 (2018) / 214
Type-B : Study Test data / output 218 (1951~2018) 4 (2018) / 214
Table 2 Suitable language for machine learning and its features
Language Characteristic DataFrame
R Comprehensive statistical analysis package available data.frame
Python Open source & free, Easy to learn and logically consistent pandas.DataFrame
Scala Complex features promote better coding org.apache.spark.sql. DataFrame
tlolEl7F EAlEE 713K1951~2018)0 HASH Bl ES tido = AZAS(AD 7Hdol] 23k B2 FE2 T2 AR,

SElugtel FFe v BlFQ2187, I/l FANE) S A8k Python, JavaScript, C/C++, Matlab 5)7}

g5 94 Test HIOJEE T3t & ATolA 753 =2do] 74 Sgoll AFHI71A) Aol 57E Table 201 VERASRL

T4 2 ALt 210E Table 19 FABAL HSS 9% HF o B AFdAE MxNet ZHUHFIE o] &3] R A2 =

(Test)2] A ol AZZE ElFATAIE(Typhoon Research @& TF3}3L R Aoi9] 7 2 A8 Wik &2 31714

Center, 2019)%] HAENZF AEE o83t Fig 8o YEPAUTE & SA] AL 7153 HI2E A EZL AlgHo] HlaZ dHole 9
g5 dlolelel T8 AARI ElFe F4VIS oleEEd W FF, B9 s, Bl Wyt 5 Rde| FFo] golsith

3 DAY dlojElHlo] e FE-S FHAselr] 4 @)l o8 A

TF5H(Normalization) & A% SFHlolElE F53t3Th ol 4. 78 UHESLIT S| =[ASKOptimization)di|
BZ9] F417194-2 900(=1.0)~1000(=0.0)hPa®] Bz & HA3}5] =N E nll

I olFEEE 0(=0.0~75(=1.0m/s2] AHFE BEX2 A
ok =3 BFY ol AEE 75 AN ol RISk
o 1.0 9= 0,002 HASIATE

AZ8E mdo] I5E 98 wE UEYZ] HH HE
IAJEATh Sk dlo]El(Study data)E 1951 3~20181 0 &t
Z02

=3
AE FQ14NCE 23R H2AE HEL 2018 AT
Ty = © HEGHE ez o2 mels AxSAT. Al 48w
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R mae] a2 Avhs Y-S ke 0-1C8TEN Aol ol
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Hog &Ads) 6:} T Sigmoid, SHFHlolE B E¥Fo =1
Type-A°ll |3} @E%: AT AF 20 BE gF A5
E(Train accuracy)®] A& Table 30| YEFATE o] AIZHE,
Zdlo] whHE Al4F 3l4¥(Iteration number)®l]l W2 Train accuracy
249% 23 (TS 3000014 1002 FRidte] o]F RhE
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Table 3 Results of train accuracy by iteration number

Activation function Iteration number

(Sigmoid) 100 200 300 400 1000

. Casel (2 layers) 0.620 0.855 1.000 1.000 1.000
ng;‘zn Case2 (3 layers) 0.620 0.620 0.680 0720 1.000
Case3 (4 layers) 0255 0555 0.610 0.615 0.730

4.2 2H438| sH(Activation function)

Deep learning U/ EH TN A= o Y=
tod ok dlelolg2 AgaiA ga F2 vdE s
1 & Asly o|w] 443} F<=(Activation function) A3}
":i_% T53th &4 ol IE dSAHEE v ’3]-01]

FAFEE Sl lo] 7 A S8 Brish] <8 43
Z7 Case 4~6° 213 SFHlolE/E83Y 202 Type-B:E:
olg3te] Ag =Ho] mE 7zt 7éa+ Table 49 VFERATH
o] AFZHE], Test tlo|E|7} ZEe <5 tlo]E| 25E] Test U
olHE d3sle 438 AR &4 32} E}ﬂHP—H_QT 300)°ll

Ir

OQL gﬁl_l
n°" il

o thal

1

> T

oft

e} 2 FEo] Do) WL ReLUS| B4F B4E AL
Table 4 Results of accuracy rate by activation function
Value of softmax
Test Typhoon . )

tanh Sigmoid ReLU
2018T07 (Prapiroon) 0.995 0.663 0.996
2018T15 (Leepi) 0.993 0.367 0.993
2018T19 (Soulik) 0.998 0.906 0.999
2018T25 (Kong-rey) 0.995 0.585 0.997

& AF 7P £ AFES JUERNATE ES Krizhevsky et
al,(2012)9] AFA ReLU 57} Sigmoid % Tanholl H]&|
Stochastic gradient descent(SGD)OIA =& =7} F 6] w2}
= AT Ao} o] B AFAAE ReLU Eol| A 71 wh2A]
FHshE o2 ZAEII

4.3 Dropout| 7}

Dropout®] 1ol w 4 Arte] Mg E £4-& A
ot Aol AREE 2dlo 742 FGdolE ol Test HoEIS
ZSAA k53 499 Type-Be] A0 ReLUS| B43} g+
ZF—(Iteration number=300)E A}8-5l%] Dropout X Z(Rate=0.5)2]

ol W2 HFES st I A3E Table 50 UERNR
U}. o] AREHH 4719 H2E T2 HFE-S DropoutE 1L
A1 W O £ AFES YA webs fAEE A
oMM threl Aol et Bdlo] FEHERE AFE
< 93l Dropouts =3t

Table 5 Results of accuracy rate by test typhoon

Value of softmax
Test typhoon (Name)

without dropout with dropout
2018T07 (Prapiroon) 0.996 1.000
2018T15 (Leepi) 0.993 0.999
2018T19 (Soulik) 0.999 1.000
2018T25 (Kong-rey) 0.997 1.000

44 FAELES o|E Zot

299 d&F AEE FUsh7] ¢8l <5 dlolEl(Study data)
Type-A9} o] 1951'd~2017d9 TAE EZFQINSE 7=
SR HZE EfF2 2018'd I8 E B F 470(Prapiroon, Leepi,
Soulik, Kongrey)e U oZ dEFnoE AASYET. =29
A5ZEFE= Sofimax FTHOE FAMES H7FEAT &3]
gpol] 2 JAFA TS o] 8%t dF mde] Fas A7 o
=3 2Tt

Case 62 AF 7o W& Z3E Table 60 YEIITE &
33} ol W Softmax FrEk] 3 57RO AFEL
Sigmoid < Tanh < ReLU2| =92 ReLUS] A3} g5 AL
A W 7P FL HFES 7153 53] vl 4%
< ¥ 201893 BIF 41507, 155, 193, 25%) B Fo] 3=
G4 §& o =R o]53dl= El¥ 075 (Prapiroon), 193 (Soulik),
255 (Kong-rey)ell Tt oS 59| ol 5HES HIa=E Fig 9
of Jehiith £1o] AA=ZRE Test BlZF 2018T07(Prapiroon)©ll
Ok oS 2] GSEF 3 59 1999T05SNei)E A <] gh
o]9]¢] o|& A= W FAEE BiFo] ASHIUL o] AFHE
FE 2d9] o EAH=E ¢FEivty doaEnh

E AFA Hee eFHE Y Meshd] Z717F HAHE 2°
E ARg3t ok Hlwd Mesh®] =717F Hoshr] wj&ol o
2 k5 BERte] dlolE FHO g FFEo| dElH, Digital
typhoon®] T8 FRE Hd 6AIZ AR AFHI Qo] A
£A2Ql olF FEE Zi+ HFY F2 FH ths) Mesh®] 4
7t 2ol fFHETE FEE e F1bo] WAYste o] = <)
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Table 6 Results of prediction model

No Test. Prediction of typhoon / Rank. Value of softmax
"~ Typhoon 1 2 3 4 1 2 3 4 5 > (1~5)
2018T07 199109 197408 199113 200613 201216  0.464 0.398 0.031 0.020 0.014 0.927
2018T15 200610 196804 199211 199407 197209  0.623 0.068 0.063 0.062 0.039 0.854
Case 4 2018T19 198508 200603 200215 196617 201207  0.340 0.168 0.129 0.081 0.069 0.787
2018T25 200415 201618 197408 198410 199711  0.441 0.211 0.139 0.099 0.022 0.912
2018T07 199109 198410 197408 200415 200314  0.380 0.204 0.092 0.048 0.025 0.749
2018T15 196804 197611 199211 197209 196309  0.150 0.127 0.116 0.075 0.063 0.530
Case 3 2018T19 198508 200215 197612 201207 196617  0.150 0.098 0.085 0.063 0.059 0.454
2018T25 201618 199711 197408 198410 200415  0.324 0.144 0.104 0.084 0.072 0.727
2018T07 197408 199109 199113 200613 199905  0.516 0.404 0.025 0.019 0.010 0.974
2018T15 200610 196804 199211 197209 199407  0.662 0.110 0.046 0.043 0.042 0.902
Case 6 2018T19 198508 200215 201207 200603 197006  0.740 0.141 0.025 0.024 0.021 0.952
2018T25 201618 200415 197408 198410 199711  0.330 0.320 0.172 0.124 0.023 0.969

Test Typhoon (Soulik)
2018T19

Test Typhoon (Prapiroon)
2018T07

eoend

———— Test Typhoon Test Typhoon
Rank |

Rank 2

Rank 1
Rank 2
Rank 3

T Rank 4

Rank 3
Rank 4

Rank 3 Rank s

Test Typhoon (Kong-rey)
2018125

1eoend

Test Typhoon
Rank |
Rank 2

Rank 3
Rank 4

m

Rank 5
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Expected Life Evaluation of Offshore Wind Turbine Support Structure
under Variable Ocean Environment
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KEY WORDS: Offshore wind turbine 3ll’d-Z&%37], Support structure X|X|7-3%, Uncertainty, 34, Fatigue analysis ¥ Z3]4],
Expected life, 71t

ABSTRACT: Because offshore structures are affected by various environmental loads, the risk of damage is high. As a result of ever-changing ocean
environmental loads, damage to offshore structures is expected to differ from year to year. However, in previous studies, it was assumed that a relatively
short period of load acts repeatedly during the design life of a structure. In this study, the residual life of an offshore wind turbine support structure
was evaluated in consideration of the timing uncertainty of the ocean environmental load. Sampling points for the wind velocity, wave height, and
wave period were generated using a central composites design, and a transfer function was constructed from the numerical analysis results. A simulation
was performed using the joint probability model of ocean environmental loads. The stress time history was calculated by entering the load samples
generated by the simulation into the transfer function. The damage to the structure was calculated using the rain-flow counting method, Goodman
equation, Miner’s rule, and S-N curve. The results confirmed that the wind speed generated at a specific time could not represent the wind speed
that could occur during the design life of the structure.
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Design situation Wind condition Waves Wind & wave directionality Sea currents
NTM NSS Joint prob. distribution of
Power production COD, MUL No currents
P Viw < Vaus < Vo H, T, Vi,

* NTM : Normal turbulence model, V;

7. - Cut-in wind speed,
NSS : Normal sea state,

(a) Target model

Viup © Wind speed at hub, V]

out

: Cut-out wind speed,

COD : Co-directional, MUL : Multi-directional

N TR S

(b) Detailed finite element model (using ABAQUS)

Fig. 4 Offshore wind turbine of suction bucket foundation and tripod type
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Table 4 Specification and environmental condition of offshore wind turbine

Item Value Item Value Item Value
Rating 3 MW Design life 25 years Cut-in, Rated, Cut-out wind speed 3, 10, 25 m/s
Hub height 80.0259 m Rotor mass 58 ton Aerodynamic drag coefficient 0.7
Tower mass 358 ton Nacelle mass 128 ton Hydrodynamic drag coefficient 1.0
Mean sea level 13.623 m Wind gradient 0.105 Hydrodynamic inertia coefficient 2.0

Table 5 Dynamic soil design constant at Gunsan south breakwater

. Item Depth [m] Unit wei}ght Strain coefficient Internal frinction Undrained shea}r strength  Poisson ratio
Soil type [kN/m’] [MPa] angle [ ] [kN/m’] [-]
Upper sand 00~ 25 18.6 21.0 23.5 - 0.491
Upper clay 25 ~ 83 17.6 25.0 - 69.4 0.491
Lower sand 83 ~ 10.7 18.6 41.7 353 - 0.487
Lower clay 10.7 ~ 15.7 17.6 43.0 - 69.4 0.488
Weathered soil 157 ~ 21.2 17.6 74.0 30 - 0.482
Weathered rock 212 ~ 19.6 76.0 32 - 0.450

Table 6 Spring coefficients

d, d, d, 0, 0, 0.

F, 4.78E+8 0 0 0 -4.01E+9 0
F 0 4.78E+8 0 4.01E+9 0 0
F, 0 0 4.95E+8 0 0 0
M 0 4.01E+9 0 4.83E+10 0 0
M, -4.01E+9 0 0 0 4.83E+10 0
M, 0 0 0 0 0 3.29E+7

Zo] ABAQUS(2013)E °]&3td @ A WAle] JARAS 52 SHEAUSAT

TS, TAA a5 A3t WA Y, £2Y, 2 a3

E SH< AEsinh e BARNH AR i Hd Als
25 AT O =N Table 63 o] 2ZFAF7} AE AT E2do) FxaHe 27 5= sj4Azto] ot

o LI
103801 .349E+08 .698E+08 .105E+09 .139E+09
.175E+08 .524E+08 .872E+08 .122E+09 .157E+09

Fig. 5 Stress distribution of joint member
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Fig. 10 Flowchart for fatigue analysis (Case 2)

Table 8 Goodness of fit test (K-S)

I
()

Distribution Critical value (D,") Maximum difference (D,) P-value

Normal 0.0283 0.7469

Log-normal 0.0171 0.9958
0.0569

Generalized extreme value 0.0204 0.9699

Weibull (2-parmeters) 0.0785 0.0018
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Table 9 Characteristic for fatigue life and relative error

Gee-Nam Lee, Dong-Hyawn Kim and Young-Jin Kim

Case No Fatigue life [years] Relative error for Distribution Coefficient of  Failure probability
’ & Y fatigue life [%)] function variation [%]
1 (deterministic) 57.720 (constant) - - - -
2 (probabilistic) 59.745 (average) 3.51 Log-normal 0.0614 1.04 x 107%
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Study on Load Analysis of Propulsion System using SOM
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&8 EZ, Container ship Z1H|o]1A

ABSTRACT: Recently, environmental regulations have been strengthened for SOX, NOX, and CO2, which are ship exhaust gases. In addition,
according to the 4th Industrial Revolution, research on autonomous ship technology has become active and interest in electric propulsion systems is
increasing. This paper analyzes the power load characteristics of an electric propulsion ship, which is the basic technology for an autonomous ship,
in terms of enerqy management. For the load analysis, data were collected for a 6,800 TEU container ship with a mechanical propulsion system, and
the propulsion load was converted to an electric power load and clustered according to the characteristics using a SOM (Self-Organizing Map). As
a result of the load analysis, it was confirmed that the load characteristics of the ship could be explained by the operation mode of the ship.

1. M =2 71REEAE Eolv AANARE, AukY oA 5&& =4

oz 7| edEAe] HAS Fole 7|ES TFATH(Park et

HAZ 3 HIEE Y8 FAFE(SOx), FAAENOy), ©]  al, 2016). A oA EES Hol= Je2E Aulke] oy
AERA(COy) 5 ARF HlE7tze it 33 FA7F ks A& BE]Shs EMS(Energy management system)7} ATE EMS+
I glen olF TiEEly] fIsiA WEE ek rlsd gk # dEr]eh wiElEREY] YA 2alE B dxdrle] £8S =
Aol sojutar ik X183 ek 7= AduteA vjEE = ) ©]= LCS(Load control system)S X353l ¢lo] Aulke] Rslid

Table 1 Advantages and disadvantages of mechanical propulsion system and electric propulsion system

Pros an cons Mechanical propulsion system Electric propulsion system

Has flexibility in main engine layout
Engine room volume is reduced, resultingly cargo load
increases

Design flexibility < Engine room layout limited by main shaft

* The power generated by the prime mover is transmitted
Ship control ease  to the propeller shaft and drives the propeller, thereby
deteriorating the propulsion performance

* Since the electric propulsion motor is driven, the steering
performance is improved (Automated, intelligent)

There is a conversion loss because it is converted to the
* Since it is connected directly to the propeller through the  electric power from the prime mover and then converted
Energy efficiency  shaft in the prime mover, there is only mechanical loss  into the propulsion power at the electric motor
occurring in the shaft. * Energy efficiency can be improved by controlling the load
on the generator

Environment * Emissions of SOX, CO2, PM, etc. are high, because mainly ¢ Advantage in terms of reducing exhaust gas through high
friendly using fuel oil for ships. efficiency operation of generator and battery application
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Table 2 Specification of target ship

Type Container ship
Length 299 m
Width 40 m
Draft 135m
Engine output 68,520 kW (93,120 Bhp)
Generator output 3,000 kW x 4
Maximum speed 12.86 m/s (25 knot)
TEU / number of reefer container 6,732 / 550
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Table 3 Acquisition data list

No. Signal Unit

1 Data acquisition time YYYY-MM-DD-TT
2 No. 1 generator load kW

3 No. 1 generator load ratio %

4 No. 1 generator run/stop 1/0

5 No. 2 generator load kW

6 No. 2 generator load ratio %

7 No. 2 generator run/stop 1/0

8 No. 3 generator load kW

9 No. 3 generator load ratio %

10 No. 3 generator run/stop 1/0

11 No. 4 generator load kW

12 No. 4 generator load ratio %

13 No. 4 generator run/stop 1/0

14 Main engine run/stop 1/0

15 Ship speed knot (1 knot = 0.51 m/s)
16 Main engine torque kgfm

17 Main engine shaft speed r/min

18 Main engine break horse power hp (1 hp = 0.75 kW)

dute] $EREE 7|BEH O 2+ Fal(Seagoing), U=F(Port
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% 13}2|(Load/Unload T+ Cargo handling) 5 Al¥te] &2 3}
715l w2t E&=ET} —rﬂﬂ‘jr. o]o} o] Mute] mME &
BE FE2 AAGAY] H3HEA(Load analysis)oll Al 78 2lsh=
Reof wEth FahiA-2 Aduke] Hslo thafA] At o Hst
AHE-E Fate] 885 Uehie FekA9(Load factor)$} A4
FHE AMgate] U, Aute] 8RB mel TR o
WAy LEEAA, uldur AA Aol =7 HA = AY
ANzElo] AR R &8Hth B =wdAe £1% 411¢ 1
55%ate] sdste AduttlolHE wEA S B3l Adute] &8

RE9}f Hlwstnh

O

2.3 A £3 dlo[E{e| Xz

HolEE £33 tlAure fAaddzle Fr|Hoz AMEst
= 71A12 FRA2H o2 71A12] FAA 2R A7 FHA 2
o el 58 g e Zolrt Aok 71AA F3

F7100A BT 2HE o8 Adste] Fx7)0
Al FEg A= T H7 SN 2" HH 7|2 Ak
AEE FHAHE7NA TEHoE M3l FI7]oA F8E&
2 A7) W73 2Ho] ¥ B A ke AXA
e, getA §Eag SHANA Z|AAFAAN SRR & 8o
ok B AFolAE S tiidaddte] dlelgdl 7|5

X" MBEES T3] A3l Fig 13 o] A A
Al Z&9 FARFI] AMBo] E88 Bty HEInh
(MAN, 2012).



Study on Load Analysis of Propulsion System using SOM

Generator Main
Engine Switchboard
Power
0.974 0.999

Fig. 1 Energy conversion efficiency of electric propulsion system
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Table 4 Selection of grid according to voyage case

Voyage1: Load
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Fig. 3 Total power load of ship on voyage 1
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Table 5 Characteristic equation of mode of propulsion system operation

Mode Mode_S Mode H Mode P

Load min average max variance min average ~ max  variance min average  max  variance
Auxiliary =y 15656 2,037 172 1,507 1,638 1952 96 682 1083 2157 287
load [kW]
Propulsion 5 17 g1sp 18220 2492 777 1,097 4436 1451 16 24 101 9
load [kW]
Total load

5202 9808 19,846 2413 2476 3555 4436 303 705 1,108 2177 291

(kW]
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Table 6 Modes of propulsion system operation

Mode Mode P Mode H Mode S
Ratio of propulsion load [%] 0~5 31~65 69~92
Ratio of auxiliary load [%] 95~100  35~69 8§~31
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Experimental Study on Propulsion Characteristic of
Autonomous Intervention ROV
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AU G AALEAEH 22 B4 B AP A7

AR - o] FT - AFHE - FAND - o] P EY

. X =
AulsZ A EA T A FHCTA TR

KEY WORDS: Remotely operated vehicle(ROV) A4 -&844, Autonomous intervention 224, Thrusting force 5, Propulsion
force %18, Underwater manipulator 4~%-25-2

ABSTRACT: In autonomous interventions using an underwater vehicle with a manipulator, grasping based on target detection and recognition is
one of the core technologies. To complete an autonomous grasping task, the vehicle body approaches the target closely and then holds it through operating
the end-effector of the manipulator, while the vehicle maintains its position and attitude without unstable motion. For vehicle motion control, it is
very important to identify the hydrodynamic parameters of the underwater vehicle, including the propulsion force. This study examined the propulsion
characteristics of the autonomous intervention ROV developed by KRISO, because there is a difference between the real exerted force and the expected
force. First, the mapping between the input signal and thrusting force for each underwater thruster was obtained through a water tank experiment.
Next, the real propulsion forces and moments of the ROV exerted by thrusting forces were directly measured using an F/T (force/torque) sensor attached
to the ROV. Finally, the differences between the measured and expected values were confirmed.

1. M = 2018). °lE3 FAAHES FHSP f8, AeTeHA
(Autonomous underwater vehicle, AUV)ol| 2223 Z2kA|A 2}
g AT FEAAEE T, sEHEEAL AR A4S F3Y3l=, I-AUV(Intervention A B+ UVMS(Underwater
N Syl F-914-5%<=A(Unmanned underwater vehicle, UUV)  vehicle manipulator system)ol] thaF 177} 1990\ H-E] 23] =] o]
o] X&AHoZ ALgE] 2 9lon, olF AP FFAe  gTHMohan and Kim, 2015; Simetti et al., 2018). AUV ROVl
ZZ(Manipulation) 7157k 73t} 2G4 71 dul Hlal AiE o R FiFo] rPEa, AFRS] Y Aol EEHE
Ao w AHEE T 9= ROV(Remotely operated vehicle)w= 53¢ AHFESH, 43 Ao = X - 347} 71538ty 8918< &
kel g3t 2w o]de] s 28Rk o3 2FHTh o] o = Qo] dA e A7 J&EHT Uk
Z 3L ROV HAE, UHA 2 2EI-S 247 HHsit) A3 FEMEA T4 (Korea Research Institute of Ships &
ROVE A14e] 74 9ol 2 - 8|53% 2 A¥ 34, DPS  Ocean Engineering, KRISO)o A= 20178 R E 5844 S &
(Dynamic positioning system) &2 2% A& A9 A9 <d® 83 &2 Bas A4 dugF T ATl FFlom,
HAE o] aFHER g2 A go] A= 3h, 32k ol g AL&AYE A8 (Autonomous intervention
o Ex, ZAFAIZ ) W H2%3 Ax g3 A Azt ROV, AIROV) ZHES NS5 thFig 1). AI-RROVE S42
T4 Abole] EEld AR Q1 AIZE A A(Time delay) 5ol <] 2RE AolEE B MEH S FFton, 759 7]
3 2 'Eo] FeHe TAH™el ti(Haugalokken et al., ZRIS g5A5t ok AUV Rtk ROVE E831= o)+ A
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Fig. 1 KRISO AI-ROV

LA AYFFH FAlo] ket E, daEE NEFA oA
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H-2H(Underwater manipulator)< ECA Group AF2] 7E-MINI =2 -&
st o, o)Al 715 TF Slke(FE 30kg), Hd) deol=
°F L4molth. ROV % A, &=, A 55 AlS3tr] 918t
of #AZH 2] (Inertial measurement unit, IMU), =28 457
(Doppler velocity log, DVL), 4J(Depth) A4 5o] &A= )
om, 47)8] FHF7)9} 4719 FRAFIVE T 65 w5
AoJ gt (Yeu et al., 2019).
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Zlo] Z7|8H 4l 7]golt) ol & ﬂo’lf‘iﬁ A EAE ddEA
A 222 ARE YA F2ook 3lal, A S 23] 2R
o] AR HE W FAVF £5A FEE AAME /A
e 59 Alo] 7]&o] aFHTh
e FEErde T2 (Popeller) B4 F37]
(Thrusten) & AM3EL 9o, 24 W &5 AlolE fslA= 54
EAH A 37 EAE BYsAl stetets Zlo] Fasith

IutE o g F317] &9 3K Thruster dynamics) 2@ IA] A
7] By 2y z2de) 2dS 335 fA98 md 2 4
HH, FA9st mde 2 34 (Dimensional analysis)2 53
dolxl A/ del g2 (Steady-state equation) TEE F78 7S El
2 2](Quasi-steady-state equation) -2 EH =L I THAIt-Ahmed
et al., 2007). °]ZA& FA4 H(Non-dimensional term)Q! Z13YH]

gl

OI<

(Advance ratio)?] T2 TIEH, 2 o] A7 (Diameter),
3] A4S (Rotation velocity), Z2Z 9] o] £57} F2 2zt
oty ool gt AF7HA B2 A7 AHo o
(Yoerger et al., 1990; Fossen T.I., 1994; Healey et al., 1995;
Tsukamoto et al., 1997), Z2H2 FH&4Tel Z2H o] 2|3
e A $5 AR FPHEE gkt A 2o] dE A

£5)3 9l Ty F37) e A Bdee 87 27
Be Qg W) wjRel muls} A4 8 Alole] ek By
2@, o8 2AE s2sy) 98, 2171 A U9 =

g Atole] #A FrE A SHske R AME sith

2 ArdMe s 4d8S Tl ALROVOl AEE F37]
2(Thrusting force) ¥ ROV FZ¥(Propulsion force) 542
AgstA setstaiat gtk WA, 15 254 (Load-cell)©] 2t
B FY 24 AXE 243 Fx UYL 59, 4 FAE &
4, & 4839 IANS deth Loz e sl FUE
259 ;8' kA2l &, 6% F/T(Forec/Torque)AlA S o83t =

7] Aol e BAHE A BUES 245 A3
© FAdT B AP AR 2 227] 2 G
oI ol FUs TS FE 45 At v

= =3, ROVY F

ZAH&2gel a7 EE Ve s
23, Autsy %%@Eﬁ?/\ﬂl/‘t AI-RROV Z35& 7Eas]
ok ALROVE FA| #A|#¢} BE3HE FAHY, 235E
A7 Ldul 2AF 5240 ROV FHIE Zheth
2.1 ROV ZEHE AlQF

ROV EAIFE &Frg &4 29, 419 F35317], 470
o] FAFXY, 49 B¥A EZ, ROV A& UgEr]
(Housing for ROV control) % ©|7]A] A2]& U8~ ](Housing
for image processing) <|°ll, IMU, DVL, 541 AlA, 4te] <
72}, 270 e] LED(Light emitting diode) 2F] E(Light), —FT?H]O]
A2 SR FART BEEEEE 759 AV FEERE
i 3, dERA7], dERAAE miuEr E¥(Mainfold
block), 252 A|o]-& U]948-7](Housing for manipulator control),
J8]3 3 ZEdoE AL ROV THEL I7]E Y|
920mm, Z'°¢] 1,100mm, ¥°| 1200mme|H, 7% SFL oF
206kgo|Th 2RI =T 51kg(5F 30kg)o)w, A Aol oF

Table 1 Specifications of autonomous intervention ROV

Items Value
Mass 206.1 kg
Length (L) 1,100 mm
Height (H) 1,266 mm
Width 924 mm
COG (Center of gravity) (2) 721.7 mm
COB (Center of buoyancy) (2) 933.3 mm
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1,400mme|th. ROV AA| S5 2 R4, TO8|3 24 93] FE
T2 A =AY 4F AAME P RE E%WEA 7%
9 55 FHE Qi%]- % o] AHXEE CAD(Computer-aided

design)°l] Rt
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2.2 FZIT| AL
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Table 29} Zt}.

Table 2 Specifications of horizontal and vertical thrusters

Force [N]

ModelForwad / (E MU i Vet caton”
@ 170 / 100 1,000 / 300 157.9 / 237.2 RS485
Model 561
&

95/ 95 500 / 300 1524 / 2753 RS485
Model 541

23 $ERLN SEHINA
TEATA SEHAAE O3 Zo] gutyos FHAT

(Giovanni, 1998).
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Fig. 2 Experimental equipment for measuring thrusting force
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Load-cell characteristic curve
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Table 3 Parameters of PWM-Force equation
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Fig. 7 Experimental facility for measuring propulsion forces and

moments
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Horizontal thruster inputs for X-axis motion
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X-axis forces from FT sensor
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Leader-Following Control System Design for a Towed Vessel by Tugboat
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ABSTRACT: In this study, a motion control problem for the vessels towed by tugboats or towing ships on the sea is considered. The towed vessels,
such as barge ships, are used for several purposes. Generally, these vessels have no power propulsion system and are towed using ropes and towing
vessel (tugboats). The basic mathematical model of the towed vessel in which three active rudders are attached was introduced from a previous study.
Owing to the dependency of the motions of the towed vessel to the towing ship, a method is suggested to cope with the undesirable disturbance and
improve the tracking performance. For the simulation study, a model of the towed vessel with a towing ship is made, and necessary physical parameters
are identified from the experiment. For the defined and linearized model, a control system is designed, and the control performance is also evaluated.

A simulation study is conducted and the effectiveness of the proposed control strategy is verified

1. Introduction

The development of control and measurement technology has made
remarkable results irrespective of its application areas and subjects.
Notably, applications to the marine field are increasing and more
recently extending to the area where autonomous navigation is
possible. Although it is already possible in the aeronautical and land
sectors at the commercialization level, the application of advanced
technology in the marine industry is still relatively limited due to the
harsh ocean environment.

In the early 1990s, different control technologies were applied in
ship motion control problems. The main issue was the problem of
path control at a low or constant speed. Therefore, complex and
intricate research studies have been conducted. An example is
multivariate neural controller design methods for automatic berthing
of ships using a multilayer feedforward neural network proposed by
Yamato et al. (1990) and Zhang et al. (1997). A thought-provoking
research on ship motion control is the construction of a ship with
four azimuth type propellers (Fossen, 2002). This study has been
evaluated as the most leading research and is being used as a dynamic
positioning system (DPS) for floating production storage and
offloading (FPSO) and drillship.

In previous studies, the goal was to maintain the right path in the
ocean. In other words, the technology capable of performing this

control task has been developed using the main propulsion device and

the rudder without the side thrusters.

However, more sophisticated ship motion control strategies are
necessary when the ship starts to approach the harbor. To partially
overcome the stability problem of the berthing process, several
solutions have been proposed. In these cases, the ship moves parallel
to the seawall with only the side thrusters to complete the final step
(Bui et al., 2010).

More advanced studies, including remote control of four tugboats
(Bui et al., 2011; Bui and Kim, 2011) and the ship-guiding system
with damper and rope (Tran et al., 2014), have been conducted. A
berthing support technique is considered to improve the stability of
the docking operation at the final stage.

The various ship motion control methods and techniques described
above are implemented by installing an active control device on the
controlled vessel. In other words, the independent motion control
system is equipped on the vessel.

On the sea, it is necessary to use non-powered ships (such as
barges) equipped with special devices. As the examples, for moving
a large structure from a shipyard to other locations, the barge-type
vessels are used and dragged by tugboats. Moreover, cargo vessels
without a propulsion system are employed for transporting sand and
cargo. In this case, the cargo vessel itself does not have any device
to secure the maneuverability. However, it is difficult to match the
moving path of the barge with the moving route of the tugboat due
to loss of maneuverability. Hence, safe maneuvering may be
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Fig. 1 Description of towed ship motions due to hard and harsh environment constraints

impossible in harsh sea conditions.

As shown in Fig. 1, dangerous problems such as collision accidents
may occur due to the wave disturbance and complex maneuvering
environment induced by other moving vessels. The possibility of
collision with other ships may increase if the towed vessel deviates
from the path of the tugboat.

In this study, a method to solve the problems mentioned above
is considered. To facilitate the maneuverability of non-powered
vessels such as barges and water-wheel-type power generation
systems shown in Fig. 2, the authors introduce a novel strategy
with a control system designed for the towed and towing vessel
system shown in Fig. 2(a) based on a leader-following concept.

The rudders are installed on the vessel to give a minimal function
to the powerless towed vessel. Based on this system configuration,

a basic model to analyze the system dynamics is derived. Related

_‘lg-

—_—
i\ﬁ 0
towed barge ship

with rudders

towing tugboat

(a) Barge type vessel towed by tugboat

vessel

waterwheel

type generator

(b) Position control system of floating type power generation system

Fig. 2 Schematics of the controlled system with active rudders

studies such as Lee et al. (2000) and Tran and Kim (2016) obtained
remarkable results. However, these studies considered only the rope
dynamics and physical characteristics without including the system
dynamics of the towed vessel.

Therefore, in this study, the authors consider that an appropriate
number of rudders are installed on the towed vessel, as illustrated in
Fig. 2(a). Consequently, a method to improve the maneuverability of
the vessel is discussed. In other words, without a propulsion system,
only a rudder control system is introduced to improve the steering
performance of the towed vessel. It is possible to operate the rudder
system, whether by installing a small power generator, a battery, or
a power supply from the towing vessel. Based on the system configuration
mentioned above, the authors derive a precise and accurate system
model description. The control system is designed, and simulation results

are presented to evaluate the control performance.
2. Modeling of the towed vessel

As shown in Fig. 2, particular 2(a), the controlled vessel does not
have any self-thrust force but is towed by the tugboat using a rope.
Here, it is assumed that three rudders are adequately installed at
arbitrary positions, as shown in Fig. 3.

However, the system configuration of this study can be extended
to the problem of optimizing the rudder numbers, installing them to
the position, and other related issues. For example, a control system
design problem with single- or multi-rudder system can be considered.

In general, the cargo ships are towed by tugboats to move to the
designated position. In this case, the towed cargo ships may not
actively use the propulsion system except the rudders. Recently, the
vessels are equipped with several azimuth propulsion systems with
rudder function.

Moreover, another application target is illustrated in Fig. 2(b). It
is a water-wheel-type power generator that is operated on the river
by anchoring and controlled by a motion control system with several
rudders.

If we consider this fact, there is no doubt about the system
configuration of Fig. 3 and the issues discussed in this study.

Based on this fact, the system dynamics are analyzed with the

assumption that the three rudders are installed on the towed vessel
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Fig. 3 Controlled vessel description with towing vessel

without propulsion force.

Additionally, it is assumed that the rudder positions are symmetrical
in the plane. The weight and the center of rotation are also close to
the center of the coordinates. The vessel dynamics are then generally

expressed by the following linear model:

Mv+Dv=rt
i=R(y)v )

where M < R™ is the inertia matrix and D (v,) € R™ s the damping

matrix which are expressed as follows:

m-X, 0 0 -X, 0 0
M= 0 m-—Y, =Y, |, D=| 0 =Y =Y
0 N, I —N, 0 -N, -N 2

and 7=[x,y,w]" € R® represents the position (¥.») and the heading
angle v in the earth-fixed frame. In addition, v =[u,v,7] € R® describes
the surge, sway, and yaw rate of ship motion in the body-fixed frame.
Moreover, the rotation matrix R(¥) in Eq. (1) in heading direction
describes the kinematic equation of motion. That is:

cosy —siny 0
R(y)=|siny cosy O
0 0 1 (©)

The parameters shown in Eq. 3 are summarized as follows:

m : body mass of the towed vessel

I, : the moment of inertia about the z-axis

X,,Y,,Y,: additional mass

N,,N, : the additional moment of inertia

u,v: X,) direction velocity component

As shown in Fig. 3, we consider that the connecting point at the
tugboat is the target of the towed vessel since the leading tugboat
tows the controlled vessel with rope. It means that the tracking
route is made by the connecting point. The 3 DOF equation of
towed vessel motion using polar coordinates connecting points can
be solved by introducing the weather optimal positioning control
(WOPC) method (Fossen, 2002). The parameters are denoted as
follows:

(%057) : connecting point at the towing vessel

(x,»): control position (center of the towed vessel)

v : towed vessel heading angle

v towed vessel relative heading angle about the rope center line

7 : relative angle made by the target position and the control position

6;(i=1,2,3): rudder rotation angle

[, : length of rope connecting two vessels

I, distance from the target position to the rope connecting point
of the towed vessel

[, distance from the center of rudder #1 to the center of gravity
of the towed vessel (control position)

I - distance from the center of rudder #2, #3 to the center of gravity
of the towed vessel

ss - distance from the center of rudder #2, #3 to the center of gravity

of the towed vessel in surge direction

~

A model of the towed vessel is then expressed as follows:

Mg+ D =T (x)[ q(v.x. . o)+ 7] @)
where

T(x)=H"(L)R (7)R(v) ®)

M, =T"MT" D =T"DT" ©6)

q(v,x, py» By) = MR" (v) Lp, + MR" (v) Lp, + DR" (v) Lp, (7)

cos(y.y) —sin(r.p) O] [ 1 —yw) 0
R(y.w)=|sin(r.y) cos(y.y) O|=|y(w) 1 0
0 0 1| o 0 1

(if 7 is sufficiently small)

~ o

o

1 0 M
H(I.)=|0 0| L=|0
0 0 K

>

(=

)

(=]

Based on the description of Eq. (4) - Eq. (8), Tran et al. (2018)
established a system representation. By following their result, we
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assume that the speed of the towing vessel is constant (P, =0).
The states for the newly defined (linearized) system are given as
follows:

3, =[ L7y %y gy vy | )
Therefore, the state equation is expressed as follows:

X, =Ax +Brt (10)
For convenience, let us classify the states of Eq. (10) as follows:

xe:IVx]T,xzr,xg,xf,xST—.r (11)

where the element states are:

i x
: L, X, X,
R VA P s X3 = s Xy = XS =Y
. Ve Yo Yo w (12)

X Ay, A, Ay A, A || x B,
X, Ay Ay Ay Ay A x, 0
X =% | =4y Ay Ay Ay A || x|+ 07
Xy Ay A, Ay Ay Ag || x, 0 (13)
x; Ay Ay Ay Ay Ay || x 0

where the elements of the matrix in Eq. (13) are given as follows:

4, :_M;le’Alz :[03”]"’413 :[OSXZ]
A, =M]'TT {MR*T (l//)+DRT (l//)L},Als :|:03><3:|

100 ke
4, = 010 5A22:A23:A24:A25:|:0 ]

Ay = Ay = Ay = A =[077], 4, =[177]

Ay =Ay=Ay=A, = A, =[0]

Ay =R(w)H, A, =[ 07 ]

Ay =L, A, = A, =[0™] (14)
B,=MI'TT"

3. Control system design

The control parameters are the position (x.») and heading angle
v of the towed vessel.

Based on this definition, the authors designed an optimal control
system for tracking the target route and angle.

In this study, the model ship is used as a towed vessel which
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was employed in a previous study (Bui et al., 2011). This ship
model will also be used for the experimental study.

Subsequently, the parameters of the towed vessel represented in
Egs. (1) and (2) are given as follows:

25[kg] O 0
M= 0  415[kg] 0.65[kgxm,]
0 0.65[kg] 5.26[kgxm,]]|

1.74[kg / 5] 0 0
D= 0 6.7[kg/s] 0.5[kg/s]
0 0.5[kg /5] 1.78[kg/s] 15)

We define the rope length and rudder positions illustrated in Fig. 3
and Fig. 4 as:

,=05m,l,=10m, ,=08m, [,=07m, [,[,=01m

At first, we introduce simulation results of the uncontrolled case.

Figure 4 shows the motions of the towing and towed vessels.
The dashed line is the moving route and the heading angle of the
towing vessel, whereas the solid line indicates the motion of the
towed vessel. From the route tracking performance shown in Fig.
4(d), it is clear that the control system should be incorporated into
this system to maintain the stability of the tracking route.

The given mathematical model of the controlled system with the
towing vessel is expressed in the state-space system from Eq. (10)
- Eq. (14). In this study, a control system is designed based on
optimal control theory (Chingiz et al., 2015; Ji et al., 2018; Lopez
and Rubio, 1992; Wondergem et al., 2011; Zwierzewicz, 1999).
Generally, it is critical to obtain the state information directly, such
that a full order observer is provided. A full-state observer for the
given linear system is provided as follows:

X, =A% +Br+L(y-CK,) (16)
where X, is the actual state and X, is the estimated state. By

defining the observer estimation error as €, =% —X,, the following

relation is obtained.

X,—x, = (Ae 7LkC€)(xe 7)"c€)+dwd
(Ae 7LkCe)eX +dw, an

eX

Based on the servo system configuration with state observer (see
Fig. 6), we have:

W, =r—y

:r—CPx‘l (18)

The state equation (10) with feedback law is represented as follows:
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-L,(y-Cx,)
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Fig. 5 Leader-following control system with state feedback control scheme
X, = AX,+ Bz +dw, where K,and K, are the linear optimal control gain matrices and
=4x +BK,w, —BKX +dw, L, is the gain matrix of the state estimator. In the control system
=A4x,+BKw —BK, (x —e)+dw, design problem illustrated in Fig. 5 and Eq. (18), the gains K, K, L;
= ( A -BK f) X, +BK e +BK,w,+dw, (19 should be calculated such that the feedback system is stable. Therefore,

a candidate for stable observer gain is obtained by choosing L, such
Thus, Eq. (10) - Eq. (19) can be written in matrix form as follows: that the condition (4, ~L.C,)<0 is satisfied.
In general, the controller and observer gains are obtained by a

numerical method, such as the linear matrix inequality (LMI)

i| |4-BK, BK, BK,|[x] [d 0
e |= 0 d-r1c 0 e lsldlw +lolr approach. In this study, the gains are calculated by the LMI
x | T e ke X d

W -C 0 0 Ilw 0 1 (20) optimization technique.
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In the result, the gains K,, K, and L, are obtained as follows:

63.07 0 0 0.62 0 0.62 0

K, = 0 12345 0.84 0 -062 0 -041
0 041 3047 O 0 0 0
76.20 0 88.22 0 0

0 11624 0
0 0.10 0

93.80 0.69
021 79.62 2D

2000 0 0
K = 0 1999 0.10
0 -0.10 19.99 (22)

013 0 017 O 0
0 -011 0 015 -0.01
0 -001 O -0.04 0.10

-0.55 059 0 0 0
0 -041 0 045 -0.02

0.70 0 015 0 0
0 072 0 011 -0.01

0.23 0 012 0 0
0 023 0 0.09 -0.01

0.15 0 074 0 0
0 011 0 0.79 -0.04
0 -001 0 -0.04 046
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Fig. 6 Target route (dashed) and controlled response (solid)

4. Simulation results

This section presents and discusses the simulation results. For
illustration purposes, the authors use the ship model given in Eq.
(15).

Here, the towed vessel will follow the target route that is made
by the towing vessel. The target route is precisely generated by
(%, (), ¥, ()

is to be controlled in the real-application case.

moving the position
(%), %, ()

However, the towing vessel’s control is not of interest in this

in real-time. The position

study; it just works as the route generator for the towed vessel.
Therefore, the target route is arbitrarily defined by the user.

To obtain the simulation results, the initial position is set as (0.0
m, 0.0 m, 0.0 rad) for (Xy> Vo> ¥ ). The vessel has to approach
the final target position (15.0 m, 40 m, 7/2 rad) by keeping
system stability.

In the same manner of the uncontrolled case shown in Fig. 4, Fig.
6 shows the controlled responses and Fig. 7 represents the control
actions of the three rudders. Figs. 6(a), 6(b), and 6(c) represent the
surge, sway motion, and yaw angle of the towed vessel, respectively.
In these figures, the solid line represents the target route (towing
vessel motion), whereas the dashed line shows the towed vessel's
motion.

Evidently, the controlled vessel can follow the target route stably

- reference
5 —simulation|{
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Time [s]

(b) Sway motion

20

e
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=
o
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(d) Root tracking simulation result
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and adequately.
By comparing the (d) of each figure that shows the moving
trajectories, it is evident that the proposed control scheme works

satisfactorily, and an excellent control performance is obtained.
5. Conclusion

In this study, the authors considered the control problem of a towed
vessel without a power propulsion system and proposed a novel
method to solve this critical issue. The controlled system consists of
two vessels which are connected to each other by a rope, working
as a leader-and-following system. On one hand, the towing vessel
works as the leader and has the power propulsion system. On the other
hand, the towed vessel called the follower is connected to the leader
and does not contain any active system. Therefore, the safety in
maneuvering is not preserved. If the vessel is exposed to harsh
environmental conditions, collision may be inevitable. To overcome
this limitation, the authors have designed a control mechanism.
Notably, the rudders were newly installed on the towed vessel, such
that the towed vessel can possess motion control ability. Using the
proposed formulation, the system stability, control performance, and
optimization problem are integrated into one step. The simulation

results demonstrate the effectiveness of the proposed approach.

80

100 120 140 160 180

Time [s]

(c) Motion of rudder #3

Moreover, this approach is applicable to the control of similar marine

systems in various settings.
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Design of Tightly Coupled INS/DVL/RPM Integrated Navigation System
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A7 W2l9] INS/DVL/RPM E3HabAl 28] A7
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KEY WORDS: INS 43 83%=], DVL 52444, RPM A57] 324, Loosely coupled 223, Tightly coupled 723

ABSTRACT: Because the global positioning system (GPS) is not available in underwater environments, an inertial navigation system (INS)/doppler
velocity log (DVL) integrated navigation system is generally implemented. In general, an INS/DVL integrated system adopts a loosely coupled method.
Houwever, in this loosely coupled method, although the measurement equation for the filter design is simple, the velocity of the body frame cannot be
accurately measured if even one of the DVL transducer signals is not received. In contrast, even if only one or two velocities are measured by the
DVL transducers, the tightly coupled method can utilize them as measurements and suppress the error increase of the INS. In this paper, a filter
was designed to regenerate the measurements of failed transducers by taking advantage of the tightly coupled method.

The regenerated measurements were the normal DVL transducer measurements and the estimated velocity in RPM.

In order to effectively estimate the velocity in RPM, a filter was designed considering the effects of the tide. The proposed filter does not switch all
of the measurements to RPM if the DVL transducer fails, but only switches information from the failed transducer. In this case, the filter has the
advantage of being able to be used as a measurement while continuously estimating the RPM error state. A Monte Carlo simulation was used to
determine the performance of the proposed filters, and the scope of the analysis was shown by the standard deviation (1 o, 68%). Finally, the performance
of the proposed filter was verified by comparison with the conventional tightly coupled method.

AN, 5225A7} $2olmA Adel 78 $43H9)
W SAReERE WAEe]l Bolet FAAE AFS
s BEPoRA BAS SEE ST 5 Utk DVLE 4
o) EdlRATE IANUS B4l mat miAse} Qov] 217t

1. M =2
HAHZSAHAX(IMU, Inertial measurement unit), =22 Al St=
A|(DVL, Doppler velocity log)= 75 44 B3 e T
Aslr] A3l AME-shE tiEZA Q] AAjolth IMUE HI¥(Specific EfzfwAcdA SHE éT— = HBAZAE o] g3t FA
force) S ZAs= NEEA) HALEL 2 Aol g £=2 |3HTHRudolph and Wilson, 2012).
o] g3l A9 TIEE 9 AL 2 AT} o] B 29 UHkz 0 2 DVLS ©]-8-¢ B/d 3 AX|(INS, Inertial navigation
Aol 98 WA g A, 5 IXARS EPHog A system)?] SERA S FE DVLA At SAREA L %
28 2= 9lth AT IMUE AEAAS E3) 39 AR A4 SE ZvtgE o] ZAHXZ o]88h= kA3 Loosely coupled) 2
A487] wiol] g ARtolE ABtslt Azto] Aol me & 0% TRk oPARReAle ATl dinlste] iz o
9 0 217} 2 == o] TH(Titterton and Weston, 1997). ©] 22 A7 UM =2 EKF(Extended Kalman filter)E 7|
w IMUS] &S S8317] 93] DVL 5 R4S o) gst  WHOE FUAEE AAIst] St ol UKF(Unscented
o] & A BAG= dhHol 1:]-%‘5}71] A7E 3 Qo) Kalman filter), CKF(Cubature Kalman filter) 5 ¢t ZE|E A4
DVLS =28 E7E o|gdl 5549 £55 24 8 I e ASshe A7 A=A A 2

o o X (& o rlr
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AA Al SR A o] Ikt Aol AR DVL EfZTA
A5 5 DR Asrt i8] el FAFEA Y £55 4%
sHAl ST o {itk o]8d S S5317] 918l DVL ]9]9
TheFst A E ARESEAY 7520 THEolA ZEIE AT
(Lee at al,, 2003a; Lee at al., 2003b; Lee at al., 2004; Yoo and Kim,
2014).
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Fig. 5 Tide generation at navigation frame

Table 1 Simulation condition

1 Simulation time 27 min
2 Cruise velocity 12 m/s
3 DVL fault > 5Smin
. . North 2~2 m/s
4 Tide velocity
East 2~2 m/s
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Case

AN L R WD =

Tide DVL fault : # Tranducers Position error [m, 1 0]

Off On 2 3 Conventional TC Proposed TC
(0] - - - 12.4965 12.7544
(0] - (0] - 22.1219 14.5247
(0] - - (0} 59.3077 18.6338

- (¢} - - 14.7738 14.8691

- (6] (0] - 23.1579 14.9494

- (0] - o 65.0782 18.7233

Table 3 Velocity Error estimate result

Case

Tide DVL fault : # Tranducers Velocity error [mvs, 10 ]

Off On 2 3 Axis Conventional TC Proposed TC

North 0.0423 0.0157

o - o - Esat 0.0492 0.0177

Down 0.0866 0.0174

North 0.1156 0.0155

o - - (6] Esat 0.1154 0.0161

Down 0.2510 0.0140

North 0.0404 0.0162

- (0] o - Esat 0.0456 0.0172

Down 0.0892 0.0184

North 0.1563 0.0168

- (0] - (6] Esat 0.1226 0.0182

Down 0.3581 0.0164
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A Study on the Dynamic Loss Coefficients of
Non-standard Fittings in Ship Exhaust Gas Pipes

Seongjong Park™, Yonghwan Park™’, Bongjae Kim®" and Jaewoong Choi®™"
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KEY WORDS: Dynamic loss coefficient, Pressure loss, Non-standard fitting, Exhaust gas pipe (EGP), Numerical study

ABSTRACT: As exhaust gas systems of ships become more complicated, it is necessary to calculate an accurate pressure loss at their design stage.
If the dynamic loss coefficients of non-standard fittings mainly used in exhaust gas pipe (EGP) are well-documented, it would be possible to calculate
precise pressure loss more readily than using the conventional method that analyzes the entire system. In the case of a ship’s EGP, the flow rates
and temperatures of exhaust gas are determined by engine specifications, and the range of the flow rate and temperature is limited according to operating
conditions. In addition, as it is possible to define non-standard fittings frequently used in an EGP, a database can be easily constructed and effective.
This paper illustrates effective parameters and analysis cases of several types of non-standard fittings mounted in ship EGPs. The analysis procedure
proposed in this paper is verified using existing research results on HVAC fittings. The numerical procedure, which is minimally affected by manpower
and grid, is established such that it can be applied at the industry level.

1. Introduction

The pressure loss in an exhaust gas pipe (EGP) can be broadly
divided into two types: friction loss and dynamic loss. Friction loss
is determined by surface roughness and is caused by friction between
exhaust gas and the internal surface of an EGP. Dynamic loss occurs
at the point where fluid flow changes and results from secondary
flow due to fittings. Generally, dynamic loss occurs where the fluid
flow direction or pipe diameter is changed, such as at elbows or Ts,
resulting in an additional pressure loss compared to a straight section
of the same length.

Such turbulence at fittings is recognized as a major consideration
in the EGP design stage because it affects the downstream conditions
and results in significant pressure loss. Dynamic loss coefficients can
be measured by conducting actual tests or by using computational
fluid dynamics (CFD). Performing actual tests is costly and requires
building a test facility. As a result, in recent studies the use of CFD
has become more popular to measure dynamic loss coefficients.

Shao and Raffit (1995) carried out numerical simulations to
determine the pressure loss of several heating ventilation and air
conditioning (HVAC) duct fittings and studied the factors affecting
analysis and accuracy. Mumma et al. (1998) calculated the dynamic
loss coefficients of several duct fittings, including a 90° elbow, using

CFD and proved its applicability. Since then, a number of researchers

have attempted to use CFD to calculate dynamic loss coefficients, and
more attempts are being made as computer technology evolves.
Zmrhal and Schwarzer (2009) performed a comparative analysis of
their results in elbow flow analysis with those of Idelchik (Idelchik,
1993) and Recknagel et al. (1995). Kulkarni et al. (2009) provided
measurement results from testing several flat oval elbow shapes in
accordance with ANSI/ASHRAE Standard 120-1999 to supplement
the American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc. (ASHRAE) database (DB). Liu et al. (2012) performed
flow analysis, compared the results with those of the ASHRAE DB,
and showed the reliability of the CFD method. Santos et al. (2014)
analyzed a round elbow using a k- ¢ model and compared it with
that of the ASHRAE DB; they also proposed a formula to estimate
dynamic loss coefficients according to the Reynolds number.

In the case of a ship's EGP, the flow rate and temperature of exhaust
gas are determined by engine specifications, and the range of the flow
rate and temperature is limited according to operating conditions. In
addition, as it is possible to define non-standard fittings frequently
used in an EGP, constructing a database is more feasible than for
an HVAC system. However, dynamic loss coefficients of EGP fittings
have not been addressed in existing studies. In this study, we employ
the Workbench Meshing (Ver. 18.2) and Fluent (Ver. 18.2) of Ansys
Inc. to generate grids and perform a flow analysis on EGP non-standard

fittings. The analysis procedure of this study was verified in advance
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using the results of existing research on HVAC fittings. Effective
parameters and analysis cases are determined for five types of
non-standard fittings frequently used in a ship’s EGP and the dynamic

loss coefficients are calculated using CFD.
2. Methodology

2.1 Numerical Method

In the case of a single phase flow, i.e., the exhaust gas flow, an
arbitrary scalar &, is numerically calculated using the following
equation (Ansys, 2009).

opD,, k)

+ 2 o, -1,
ot axl(’m"@k k

09,

ox;

k=1, N 0

where I, is the diffusion coefficient, S, is the source term supplied
for each of the /V scalar equations, p is the density of the fluid, v,
is the velocity component in the ¢ direction, and =; is the coordinate
in the ¢ direction.

Grids for flow analysis using the Reynolds-averaged Navier-Stokes
(RANS) model can be different depending on the discretization
method and selected turbulence model, thus leading to differences in
the numerical result. As such, the selection of an appropriate
numerical model and grid is a difficulty faced by industrial designers
when performing flow analyses. In this study, a realizable k- ¢
model and Menter-Lechner wall treatment, which is known to be less
sensitive to y+, are selected. The numerical method for flow analysis
is shown in Table 1.

Table 1 Solver settings for CFD simulation

Method
Simple

Pressure-velocity coupling

Pressure Second order
Momentum Second order upwind
Turbulent kinetic energy Second order upwind

Turbulent dissipation rate Second order upwind

2.2 Dynamic Loss Coefficient

The dynamic loss coefficient is calculated by taking into account
only the dynamic loss in the difference of the total pressure between
the inlet and outlet of fittings.

AP, — AP

gE @

where C'is the dimensionless dynamic loss coefficient, AP, is the
total pressure loss, AP is the friction loss, and V' is the average

flow velocity of the pipe section.

2.3 Verification

To verify the numerical scheme of this study, a 90° round elbow

with a known dynamic loss coefficient is analyzed and compared
with the results of Zmrhal and Schwarzer (2009). The schematic of
the 90° round elbow to be verified is illustrated in Fig. 1. The
pipe diameter is D, the inlet flow velocity is V,, the elbow radius
is r, and the angle is 6. Each 10D long straight pipe is connected
to the upstream and downstream of a round elbow with an angle
0=90°. Inlet velocity and outlet pressure are used as boundary
conditions, and the analysis conditions are shown in Table 2. The
flow analysis is performed under conditions of Re = 1.0E+04 ~
1.0E+06 for comparison, and a grid is selected by setting the first
spacing such that y+ becomes closer to 30 in each condition
according to the Ansys Fluent User's Guide (Ansys, 2009).

The grid for the condition of Re = 1.0E+05 is shown in Fig. 2,
and a summary of grids under the conditions of Re = 1.04E+04,
1.04E+05, and 1.04E+06 is provided in Table 3. Fig. 3 shows the
results of this study and Zmrhal and Schwarzer (2009). The velocity
of the ship exhaust gas is approximately 30~40 m/s, and the Reynolds
number corresponds to approximately 2.0E+05. In this study, the

verification was performed with Reynolds numbers ranging from

|
b Vo
NN

Fig. 1 Schematic of 90° round elbow

Table 2 Inputs for flow analysis of 90° round elbow

Method
D [m] 0.076
1 [kg/ms] 1.79E-05
o [kg/m’] 1.225

a

Fig. 2 Grid of 90° round elbow (Re = 1.0E+05)
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Table 3 Several grids for 90° round elbow

Re Vo [mv/s] Spacing y+ Cells
1.0E+04 1.93 8 mm 33 663k
1.0E+05 19.3 1 mm 31 683k
1.0E+06 193 0.2 mm 47 738k

#Zmrhaletal. M Present study
0.40
0.35
w 0.30 B
E 0.25 o]
£ 0.20 =
2 + 0
Eo1s ‘:z—
& 010 ® ‘“
0.05
0.00
1.E+03 1E+04 1.E+05 1.E+06 1.E+07
Reynolds number

Fig. 3 Comparison of analysis results for the 90° round elbow

1.0E+04 to 1.0E+06. In the range of Re = 1.0E+05~1.0E+06, which
is the operating range of the exhaust gas, this study produced results
consistent with Zmrhal and Schwarzer (2009), but with a difference
of approximately 10% at Re = 1.0E+04. However, the numerical
analysis of non-standard fittings in Section 3 is performed at
approximately Re = 2.0E+05.

3. Analysis of EGP Fittings

Several types of non-standard fittings are used in the EGP of a ship
for improved design layout of an engine casing and for less friction.
Fig. 4 and Fig. 5 demonstrate a ship's EGP system and non-standard
fittings. In this study, flow analyses are performed on these five fitting

shapes. Prior to flow analyses, 23 vessels recently delivered from the

ME RUPTURE
DisKo2

LIS

---------

Fig. 4 EGP system of large commercial ship

q

D

(a) Double elbows (b) Double inlets

(c) Y joint (d) Capped wye

(e) Rupture disc

Fig. 5 Non-standard fittings for present study

Table 4 Inputs for flow analysis of non-standard fittings

Value
Diameter [m)] 0.8
Density [kg/m’] 0.55
Velocity [m/s] 35
Reynolds number 8.6E+05

shipyard of Samsung Heavy Industries (SHI) were studied in order
to understand the flow environment of an EGP. Table 4 shows the
basic conditions for the flow analyses of non-standard fittings.

A realizable k- ¢ model and Menter-Lechner wall treatment are
used for flow analyses. Constant velocity is applied as an inlet
boundary condition, and for simplicity, the pressure as the outlet

boundary condition is assumed to be a gauge pressure measurement.

3.1 Case 1: Double elbows

The ‘double elbows’ fitting as shown in Fig. 5(a) is often applied
to an EGP due to the design layout of an engine casing. In Fig. 5(a),
the diameter of the pipe is D, the elbow angles are each ¢, and the
distance between two elbows is L. The flow analyses are performed
with a variable distance L and a variable angle 6, and a grid is
selected separately for each analysis case. The grid of the condition
0 = 135° and L = 2D is shown in Fig. 6.

The pipe diameter (D = 0.8 m) and the distance between the two
elbows (L = 2D) are fixed to predict the dynamic loss coefficient
using the angle ¢ as a variable. The analysis is performed by
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Fig. 6 Grid of double elbows (& = 135° and L = 2D)
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Fig. 7 Analysis results of double elbows (variable 0)
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Fig. 8 Analysis results of double elbows (variable L)

increasing the angle 6 from 115° to 155° in 10° increments. The
numerical results of the dynamic loss coefficient are shown in Fig.
7. Tt can be observed that as the elbow angle ¢ increases, the pipe
becomes closer to being a straight pipe, thus reducing the pressure loss.

The diameter of the pipe (D = 0.8 m) and the elbow angle (¢
= 135° and 145°) are fixed to predict the dynamic loss coefficient
using the distance L between two elbows as a variable. The distance
L is increased from 1D to 4D in increments of 0.5D. The analysis
results of the dynamic loss coefficient are shown in Fig. 8. In the
condition of elbow angles #=135° and 145°, it appears that the
influence of the distance L on pressure loss is minimized at L = 2D

or above. If a double elbow is used in EGP for space allocation, it
is recommended to design the elbow with a large angle or with the
distance between two elbows greater than 2D if possible.

3.2 Case 2: Double inlets

A scrubber package may be installed in an EGP in order to reduce
sulfur oxides (SOx) from exhaust gas, and the ‘double inlets’ fitting
as shown in Fig. 5(b) may be applied. In Fig. 5(b), the diameter of
the outlet pipe is D,,, the diameters of the two inlet pipes are each
D,,, and the distance between the inlet pipes is L. The flow analysis
is performed with the distance L as a variable, and a grid is selected
separately for each analysis case. The diameter D, of the outlet pipe
is 0.8 m, and the diameters D; of the two inlet pipes are each 0.8/2°
m. The grid for the case of L = 2D is shown in Fig. 9.

The analysis is performed by increasing the distance L from 2D
to 5D in 1D increments. The numerical results of the dynamic loss
coefficient are shown in Fig. 10. The dynamic loss coefficient of the
inlet located furthest from the outlet is denoted as Cl1 and the
dynamic loss coefficient of the inlet located closest to the outlet is
denoted by C2. In the range of the distance L = 2D ~ 5D, the
pressure loss of the inlet furthest from the outlet slightly decreased
as the distance L increased. The pressure loss of the inlet closest to
the outlet gradually increased as the distance L increased.

Fig. 9 Grid of double inlets (L = 2D)
C1 mC2
2
8 o
078; 16 L 4 4 L 4
2 14
€12
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08 T
06
2 3 4 5
L (D.)

Fig. 10 Analysis results of double inlets (variable L)
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3.3 Case 3: Y joint

The Y joint’ fitting can be applied to exhaust pipes connected to
two turbochargers merging into one large exhaust gas pipe, as shown
in Fig. 5(c). In Fig. 5(c), the diameter of the outlet pipe is D,, the
diameters of the two inlet pipes are each D; and the angle between
the inlet pipes is #. The flow analysis is performed using the angle
0 as a variable and a grid is separately selected for each analysis
case. The diameter D, of the outlet pipe is 0.8 m, and the diameters
D; of the two inlet pipes are each 0.8/2*° m. In order to prevent
pressure loss due to reduction of the flow area, the inlet pipe extends
its diameter to D, immediately before connection, and the length of
the expansion pipe is D,/2. The two inlet pipes are symmetric about
the center axis of the outlet pipe. The grid with the angle 6 = 80°
is shown in Fig. 11.

The analysis was performed by increasing the angle ¢ from 60°
to 100° in increments of 10°. The results of the dynamic loss
coefficient are illustrated in Fig. 12. In the range of the angle § =
60° to 100°, as the angle @ increases, the pressure loss increases
almost linearly except for the case of ¢ = 80°. In general, numerical
errors arise from various sources, including selection of grid and
numerical methods, which can be cumulative (Mumma et al., 1998).
However, even though the same method was applied to the analysis
cases in this study, the case of 6 = 80° indicates a slightly different
result. Further experiments are required.

Fig. 11 Grid of Y joint (6 = 80°)
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Fig. 12 Analysis results of Y joint (variable 6)

3.4 Case 4: Capped wye (drain pot)

The ‘capped wye’ fitting is often used in the EGP of a ship. As
shown in Fig. 5(d), when changing the direction of a pipe, a closed
pipe with length L is connected downward to be used as a drain pot.
In Fig. 5(d), the diameter of the outlet pipe is D,, the diameter of
the inlet pipe is D;, and the angle formed between the inlet pipe and
the outlet pipe is 0. The flow analysis is performed with angle ¢
and the ratio of diameter D/D, as the main variables, and a grid is
selected separately for each analysis case. Outlet piping diameter
D,=0.8 m is applied to the analysis cases. The grid with the angle
0 = 45° and the ratio D/D, = 1 is shown in Fig. 13.

The angle @ increases from 30° to 60° in increments of 15° and
the ratio Dy/D, of the diameter increases from 0.5 to 1 in increments
of 0.25. The numerical results of the dynamic loss coefficient are
shown in Fig. 14. It can be inferred that the pressure loss decreases
with diameter ratio D/D, increasing. Furthermore, in the range of
angle 6 = 30°~ 60°, pressure loss generally increases as the angle
0 increases. The larger the ratio of Dy/D, , the greater the effect of
angle ¢ on the dynamic loss coefficient. However, in the case of
the ratio D/D, = 0.5, the dynamic loss coefficients at angles 6 =
30° and 45° are similar.

In order to investigate the effect of the Reynolds number, the ratio
of inlet pipe diameter to outlet pipe diameter (D/D, = 1) is fixed,
and the flow analysis is performed for the inlet flow velocities of
20 nv's, 30 mv/s, 35 mv/s, 40.7 mv/s, and 48.8 m/s. The inlet flow velocities
are selected in consideration of safety margin based on the ships
delivered from SHI Geoje shipyard. The analysis results of the dynamic

loss coefficient with varying Reynolds number are shown in Fig. 15.

Fig. 13 Grid of capped wye (¢ = 45°)
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Fig. 14 Analysis results of capped wye (variable ¢ and D/D,)
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Fig. 15 Analysis results of capped wye (variable Re)

The influence of the Reynolds number on the dynamic loss coefficient
is not observed in the range of Reynolds numbers studied.

3.5 Case 5: Rupture disk

The ‘rupture disk’ fitting is installed in the EGP of a ship as a
means of pressure relief in case of abnormal explosion. The pipe
closed by a rupture disk is connected to the main pipe as shown in
Fig. 5(e). In Fig. 5(e), the diameter of the main pipe is denoted by
D,,, the diameter of the branch pipe is denoted by Ds, and the length
of the branch pipe is denoted by L. The flow analysis is performed
with the ratio Dy/D,, and length L as variables, and a grid is selected
separately for each analysis case. The diameter of main pipe D,, =
0.8 m is applied to the analysis cases. A grid with a diameter D,
= 0.6 m and a length L = 0.8 m is shown in Fig. 16.

The length L increases from 0.2 m to 1.6 m, and the ratio Dy/D,,
increases from 0.5 to 1 at intervals of 0.25. The analysis results of
the dynamic loss coefficient are described in Fig. 17. As the ratio
of Dy/D,, increases, so does the dynamic loss coefficient. Larger
dynamic loss coefficients are evident in length L = 0.2 m compared
to L = 0.4 m ~ 1.6 m. The ‘rupture disk’ fitting is one of the major
non-standard fittings of exhaust gas pipe. However, the fitting has the
shape of clogged pipe, so it does not seem to play a significant role
in pressure loss. In this case, the dynamic loss coefficients of the
rupture disk fitting are calculated under 0.06, and it appears that the

pressure loss due to this shape is not significant.

Fig. 16 Grid of rupture disk (D, = 0.6 m, L = 0.8 m)

Fig. 17 Analysis results of rupture disk (variable L and DyD,,)

4. Conclusion

Depending on operating conditions, the range of velocity and
temperature of exhaust gas in EGPs of ships is determined.
Furthermore, as a limited number of non-standard fittings are used
in EGPs, constructing a database of dynamic loss coefficients is
easier than for an HVAC system, and the database can be more
extensively utilized. The analysis procedure of this study is verified
by using existing research results on HVAC fittings, and the
numerical procedure is established so that it can be applied at the
industry level. In addition, effective parameters and analysis cases
are determined for a ship exhaust system, and flow analyses are
performed for five types of fittings (double elbows, double inlets, Y
joints, capped wye & rupture disks) commonly used in ship exhaust
gas pipes. Based on the CFD results, the dynamic loss coefficients
of the fittings are calculated and documented. These dynamic loss
coefficients can be employed not only in the shipbuilding industry,
but also in other industries. It is expected that this study will lead
to a significant increase in the accuracy of a pressure loss calculation
and the quality of the design of exhaust gas pipes.
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ABSTRACT: Recently, the interest in marine leisure activities has been growing rapidly with the work-life balance trend. In response to this demand,
the Korean government is supporting fostering and revitalizing the relevant industries and facilities. In particular, a marina has been making efforts
to change itself into a resort with multiple amenities instead of a simple mooring facility. However, the facilities in a marina for the transport of
marine leisure equipment mostly consist of cranes and boat-lifts using ropes, which can result in incidents such as damage and accidents during lifting
or movement. This paper proposes the equipment and support system for the safe transportation of marine leisure ships. Aluminum transport equipment
was designed by performing a structural analysis to achieve a lighter weight than the existing steel products. In addition, a safety support system
with alarms for tilting or obstacles and a slope monitoring system was developed to enhance the safety during operation and transportation. The safety
support system developed in this study was implemented and installed in the transport system, and verified through commissioning on land.
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Table 1 Comparison of specification between existing and proposed

systems
Existing system Proposed system
Main material Steel Aluminum
Lift capacity [ton] 2768 15
Max. ship length [m] approx. 18-27 approx. 9

Gradient alarm and

Alarm - .
rear distance alarm

Monitoring - Remote monitoring
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Table 2 Mechanical properties of two main materials
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Fig. 6 Finite element mesh of transporter

Fig. 8 Secondary reinforcement model of transporter
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Table 3 Function of the software

Function Description
Bluetooth Communications connectivity and
communication disconnection
Serial comm. .
. COM port and baud rate setting
setting

Real-time display of data received

Receive data display from embedded system

Receive data Processing data received from embedded

processing system
Slope data Text box and track bar
display
Slope alarm ..
L Image-based slope alarm position
visualization

Sensor abnormal
state alarm

Display of non-receiving alarm
by sensor

Set Left/Right cradle and driving
alarm reference value

Alarm slope value
setting

Table 4 HW-SW data exchange protocol

SR xxx.xx,L,xxx.xx,D,xxx. xx *hh<CR><LF>
L1 L2 L3

Field 1 Slope of right arm -180.00 ~ 180.00
Field 2 Slope of left arm -180.00 ~ 180.00
Field 3 Slope of operation unit -180.00 ~ 180.00
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(a) Heavyweight installation (b) Temporary attachment

Fig. 17 Methods for minimization of welding distortion
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Fig. 21 A test run of the transporter
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Table 1 Computed wind and current forces on buoy models
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All references should be listed at the end of the manuscripts, arranged in English Alphabet order. The exemplary
form of listed references is as follows :

D Single author : (Kim, 1998)

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

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

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

authors should be shortened to the last name of the first author, like smith et al.

(D Write the reference in order of English alphabet la,b,c:+-| (FHdEAlE Ho Lajdl )
@ Do not drop all of authors involved. (FHHAAZHF AAH)= wheg]x] D3 25 7]]))
@ Refer to below examples (e}2]e] dJAS =)

@ Journal names should not be abbreviated.

(example for proceedings) =

Aoki, S., Liu, H., 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.
(example for journals) =

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

Schlichting, H., 1968. Boundary Layer Theory. 6™ Edition, McGraw-Hill, New York.
(example for websites) =

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]. < web document

Anglia  Ruskin  University, =~ 2001.  Anglia  Ruskin  University = Library.  [Online]  Available at:
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General Information for Authors

Requirement for Membership
One of the authors who submits a paper or papers should be member
of KSOE, except a case that editorial board provides special admission

of submission.

Publication type

Manuscript is made up of scholarly monographs, technical reports and
data. The paper should have not been submitted to other academic journal.
Conference papers, research reports, dissertations and review articles can
be submitted to JOET. When part or whole of a paper was already
published to conference papers, research reports, dissertations, and review
articles, then corresponding author should note it clearly in the manuscript.
After published to JOET, the copyright of manuscript belongs to KSOE.
(example) It is noted that this paper is revised edition based on proceedings
of KAOST 2010 in Jeju.

Manuscript submission

Manuscript should be submitted through the on-line manuscript website
(http://www.joet.org). The date that corresponding author submits a paper
through on-line website is official date of submission. Other correspondences
can be sent by an email to the Editor in Chief. The manuscript must
be accompanied by a signed statement that it has been neither published
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be written in English or Korean and a minimum standard of the proficiency
in the English or Korean language should be met before submission to
the editorial office.

Ensure that online submission or submission by e-mail text files are in
a standard word processing format (Hangul or MS Word are preferred).
Ensure that graphics are high-resolution. Be sure all necessary files have
been uploaded/attached.

Submission checklist
See ‘Authors' checklist’ for details.

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.

Article structure

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

Abstract

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

Keywords

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

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

Equations

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

Tables

Tables should be numbered consecutively with Arabic numerals. Each
table should be typed on a separate sheet of paper and be fully titled.
AlI tables should be referred to in the text.



Figures

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

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

1) Single author : (Kim, 1998)

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

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

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)
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or pertaining to private communications, not readily available to referees
and readers will not be acceptable if the understanding of any part of
any part of the submitted paper is dependent upon them. Single or two
authors can be referred in the text; three or more authors should be
shortened to the last name of the first author, like smith et al.
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Revised manuscripts
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with a response to the reviewer's comment at JOET editorial manger
within two months. Otherwise, the manuscript will be considered as a
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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
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by manuscript editor for the consistency of the format and the
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to the opinion of the manuscript editor.

Page charge

The charge per a paper for the publication is 150,000KRW(Express review
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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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