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Jeongrok Kim', Hyebin Lee”, II-Hyoung Cho, Nam-Ho Kyong  and Sung-Youn Boo

"Department of Ocean System Engineering, Jeju National University, Jeju, Korea
" Multidisciplinary graduate school program for wind energy, Jeju National University, Jeju, Korea
""Korea Institute of Energy Research, Wind Energy Research Center, Jeju, Korea
""VL Offshore Limited Liability Company, Texas, Houston, USA

LiDAR7} §A1¥€ Al7E H

SRR

olFM” - YY" -

4 7P Role] A A
e pAe

"AFdstn FEHEANESHA
T U R 7 Ed T
VL Offshore LLC

KEY WORDS: Motion response <& -3, Model test 23 4%, Design process A4l 74, Offshore wind energy 31 FH,

Meterological buoy 7173 -]

ABSTRACT: This paper reports the conceptual design process for a floating metocean data measurement system (EMDMS) for measuring wind
information at sea. The FMDMS consists of three circular pontoons, columns, and a deck, which the LiDAR (lighting detection and ranging) is
installed on. The dynamics of the mooring lines and motion responses of the FMDMS were analyzed using commercial codes such as WAMIT and
OrcaFlex. One design criterion of the developed FMDMS was to maintain the motion responses as small as possible to enhance the LiDAR's accuracy.
Starting with the preliminary design parameters such as the FMDMS'’s principal dimensions, weight, and important parameters of mooring system,
we checked whether the FMDMS met the design requirements at each design stage, and then made modifications as necessary. The developed FMDMS

showed a large pitch behavior for a small heave motion.

1. M =

Hheho] Ad oUA|E o] gste] 7] AR E Ailshs &
e H A dx 2 A9vF AdH skl o A
2 IERee 39 Vel 4 8 ax A ol itk
ole & mig HolEE s St 54 Ve Eok= F
Wb sttt Hells sl dE el 3 Balo] woAHA
el niEARE A5 9 Wtew 1A TVdEe
Z8sta ok Iy uA J1dEE Al AAsld=
AR wE wlE FEeo] | 714 I gike® Fi4
717 F-ol 7ito] BasHA 5 Y 7)o BAF AF
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=i
& doJEl7} st &2 1T Hf
71 {3l 714Ee =A Ales il &3

ol & # 53}
LiDAR(Light and

ot

detection and ranging) gHIE Z-8SHJaynes et al, 2007).
LiDAR ZH]I& #o|AE ©]-&3sty 1% 300m7HA vig AR S
ASE F Jdom, &Fo|7] ol Folo gAY} 7153tEs
A A" AZHEs A Y F Ue S /A2
AT

717 Fole} 22 s Hf FREY MAE Fig 134 2
o] ojg] wAle] A AAE AX YAk FH2 Y 7=
=2 8 53 dXFe] @Az wet AA 279 F
8 AYES AAE a8 HF #4(Static analysis)= F3}
o FEE| M-S Bt AiA B4 AsE Tt

= SAE FRTFY ST AR
Moz FEste] AAZTE o]E 918t WAMIT, OrcaFlex<}
2e FEFATE o83ty THAYH Y S 7k o
of we} ZF3F5(Current force)¥ E3F5(Wind force)S EFHA
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| Initial design

Installation site and ocean
environment data

(wave, wind, current, etc)

| Principal dimensions sets
| ( length, weight, center of gravity, etc )

| Static analysis

Mooring design e—p

(Length of cable, diameter, etc)

| Frequency domain analysis |

Time domain analysis
(Operating and extreme Zondltlon) ‘_‘

Anchor design |

!

No Assessment of

Yes

motion responses

!

!

Structural and fatigue analysis ‘ |

Mooring safety

satisfied?

Yes

Nommo

| Model test

Is the result
satisfied?

No

Is the result
satisfied?

No

Fig. 1 Design procedure of a floating offshore structure
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Folo] AX|ste] 2+ AHA A SA4E v vlolH 9 vl
A3l ATE AAS 2 H, Jaynes and Hassan(2011)-2 4143
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—
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EASHA R, LiDARZE B
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AP S A8l Folo] Hgah= 6}%:2: T8laL AlFA2
25 MAASIATE Lee et al(1999)°] % Aes SHsIY 1
A2 RE §dFe] ARE dE ATFE FYFY FF &2
I A 71VEBEANA S8E FEA] AT NS /=
stath SA4A7, F59 AT Invs TELE SR
3k AFE AAJTE Moon et al.(2013) 52 ¥ FHIHTR
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A m, 2003; Lee and Shin, 2012).
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o s gFEUSE olw 19 A FUE e oY 20e
AAZ Fol AlFAI2EY kS HFrIskTh a8la 4%
e AFAZES 233 FHY] 1/10 48 2EE Azt

2. 7| Folet migh =2

21 7|4 50|

U fFeE 2 e F-72] 717 F-0|(Floating metocean
data measurement system, FMDMS)E 7l9tsl7] 913k 7id A A
| 717 ol 22 Fig 20 A|ASkATE FMDMS S| 2 743
Q45 AHEYH BES F= 3719 Z828 ZE(Pontoon)©]
ANAY Bgo R wdEY da, AR fA7 F 7E
(Main column)¥} E& ol $1x]g 25 715 (Outer column)
o] THo] H#o]2x(Brace)= AAF o] T2 IS ZEF
3tk Z& 9ol =2 H Z(Deck)oll= EFJ(Tower)2+ LiDAR

Anemoscope

/

Tower

Ty

Wind turbine

P

LiDAR Measurement

container

Solar battery

Plastic Pontoon

Outer column

Main column

Fig. 2 Conceptual design of a FMDMS

Table 1 Specifications of the FMDMS

Item Unit Value
Mass [ke] 15,705
Draft of main column [m] 4375
Column spacing [m] 5.5
Diameter of main column [m] 0.609
Diameter of pontoon [m] 3.0
Moment of inertia (about center of gravity) [kg - m*] 161,150.74
Center of gravity from SWL (z.) [m] -0.9928
Metacentric height GM [m] 6.35
Heave natural period [s] 2.73
Pitch natural period [s] 3.07

AZA] a8l ASAE &8 Bag vEEe) toly %
Al AR7F gAE deE oy vt ok FMDMSS| Fie
15,705kg, F 7159 &4 4375molth. EE9| 272 3m, 7]
S Age 55mE AAEA ST, GMEE 6.35mE B -y
4L FREL. dukr o g RiAls FX Al %50 A3
AA 4 7] W&ol 33l 31 AAIE Fasich FMDMSS| 4=
2, & &% IHF7E 4 2.73s, 3.07sE AR Yo ]
FEXE AWE o &57] 994 X3t FMDMSS] Al
Table 10 ZFA|3] =3}tk

ol AFE $% €4y ¥
< Agsta Yot Fig. 3= ECMWF
(European Center for Medium range Weather Forecasts)2] 1979-
200313 9] 2537ke] AARE ol&ste] thEE 4 e v
F ARE HoFa Q. F SFL 315°0H, Hat v F7)
o] 2 oF 6-7.7s, Bt Fof Fare] HYlghe daF 3150004
L67m= YEhtar Stk

AFAI 2" FMDMS ] A A& 9ol 2 a3t A= A
A FHDesign wave) Z11A AlFAde] ohdt A FEF A

180
< wave direction > < Tp_mean > < Hs_mean >
315.0°:23.3% 315.0°: 7.63sec 315.0°: 1.67m
337.5°: 14.7% 337.5°: 6.13sec 337.5°: 1.24m
67.5°: 14.4% 67.5°: 6.58sec 67.5°: 1.02m
45.0°:10.8% 45.0°: 6.47sec 45.0°: 1.07m
90.0°: 10.0% 90.0°: 6.03sec 90.0°: 0.55m

Fig. 3 Wave conditions at Waljeong sea
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Table 2 Design wave conditions for mooring system

Wave (JONSWAP spectrum)

Current speed Wind speed

Condition
Hs [m] Tpe [s]

¥ at surface [mv/s] (10m above SWL) [nvs]

Extreme (1 year return period) 5.74 10.81

22 1.140 18.36

of ity EF PAE ZFU FF Foll 3l olFHA =
THE Qri?ﬂ»— Zo] Fa3lt) A gL 54
= 7] W&ol Yo R dAg 21s 50d =
= 2= 23 208 MRS g A
EX2 3 @ AAARS 258 o 1d Al 51
= gg=4ds 3 6}99\1:} 1'd QAT sfidste
3l HOoR AFE AZE AT Y
olEE B3l 42 #e ARSI

(Kim et al, 2015) (Table =),

Bl

w
=+
2

3.1 Forge sl
BFE B SEeHE
AHTE &E A Folof

Bobaggoln, b = WA %

T817] flaiA= 4 (1)91 YeRd
s} o 7] A mH’a = $A%k3}

') AAAF 283 K EY = 2 A
FAE Alret AFeRle] BdE AFE ‘4’5}‘44‘4 A, BT YA
o] WEA o] EG A EGE YeEbdith 4j=1,2,32
ALE W T 4,j=45,6 & IJALF LES et 3
7F AR A Al TR 9 ]R1E S WAMIT 8358
o] &ate] T3t Th WAMIT-2 Green <l 7|2E & X380
A o= o8 #8317 9fste] FMDMSE] FHotel B7d-&
Fig. 49} Z°] 17,000712] & 4x(Panel)Z £t} LIDARS] =
A s WANTIE T8 dAe ERAY £ &5(Pitch
motion)°| k. Wt 64 E EEFAA FE F S5 23S

o

lN'

gto] A3s AYEIY. Fig. 55 WAMIT |84 2324
FMDMS®] % &5l &3k RAO(Response amplitude operator), &

W WRERE(E), B7F BERE(q,),

5 WAL AT
31-+5-3}<7(Undamped natural frequency) w,
g Utk F &% IAFITE YA
oL

(e}

A LA o=

TEE RAO (=lg/(k4))) =AM FelsiAl & 5 Utk
7 BARAES aFags doos HIgel ue A8
#oz eHsta glow, WA gaAlaee} 37|32 ATt

T

Fig. 4 Numerical model of FMDMS for WAMIT commercial code

3.0 130000

25 120000
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110000

[E5/(kA)|
as5
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0.0 T T T T 80000 T T T T
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o [rad/sec] o [rad/sec]
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40000 ul’

b55

80000
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0 T T T T 0 T T T T
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Fig. 5 Pitch RAO, added moment of inertia, radiation damping

coefficient and wave exciting moment

T Y I GGl 0ol RS, 3 e 4
3rad/s} 2rad/sol Al RS QUTh

. (9)
iwb, € + (k5

—o? (mi]Jraij)@* +k§}m )§j =AE, (i.j= ,6) (1)

K + kY
w, = 7) )

My +ag, (wn

3.2 HIFAIAED A

FMDMS®] AR WHoZ 34 AR Agsta e, 37
o] &R 715 uigelA BA B/ dFHow Adsrt
(Fig. 6a, Fig.6b). Z+ AlFLS Grade R3 Studlink E}Y2] AQle
2 7Y Jdor Ao FAE 40mm, T Aold FF F
F2 30.47kgF/m, 4 IS (Minimum breaking level, MBL)
£ 1,280kN¢|tKTable 3). AlFAe] A do] AL 25t
55m, 110m, 150moll thall OrcaFlexZE ©]&ake] Fx|a)14S 3

stdom, AlReRle] 2ol 110mell gk WX el S Fig. 69t
Table 3 Specifications of mooring line
Item Unit Value

Chain type — Grade R3 Studlink
Chain diameter [mm] 40

Dry weight [kgF/m] 35.04

Wet weight [kgZ/m] 30.47
Minimum breaking load (MBL) [kN] 1,280

Axial stiffness (EA) [kN] 161,600
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Wave ML1
ML3
(a) Side view (b) Top view
z z
X
Arclength =40 m
Arclength=34m
- KA7614m N\83.635m
< N 48.286m
(c) ML1(110m) (d) ML3(110m)
Fig. 6 Mooring system of FMDMS
Table 4 Mooring coordinate
) . ) ) Fairlead Anchor
Mooring line length Mooring line number
x [m] y [m] z [m] x [m] y [m] z [m]
MLI1 -3.175 0.0 -4.52 -44.784 0.0 -30
55m ML2 1.585 29 -4.52 22.371 38.903 -30
ML3 1.585 2.9 -4.52 22.371 -38.903 -30
ML1 -3.175 0.0 -4.52 -99.748 0.0 -30
110m ML2 1.585 2.9 -4.52 49.871 86.535 -30
ML3 1.585 2.9 -4.52 49.871 -86.535 -30
MLI1 -3.175 0.0 -4.52 -142.598 0.0 -30
150m ML2 1.585 2.9 -4.52 71.297 123.644 -30
ML3 1.585 2.9 -4.52 71.297 -123.644 -30
Fig. 6d°l ML13} ML3(=ML2)°ll tfsiA YepAtt. 28]a A 300 . e
Fekelel Aol 55me} 150moll theh FH3E G2 Table 40 = !
UER ST 250 f
ZF AR Aololl whE By 548 AWRua QxAl |
1 :
X AlF(Offset numerical test)= AAI3FS 3, 11 AAE Fig. 790 200 v
eI drbd oz Holo] =3 ol g E|7t SVl wht z -
AP o g ZHo] Frletthrt 44 78] olF e g Folrt olF g 150 foa
S ARl WA FAA AF ol vidYHew g4 ¢ S
100 A

3| F7kehe AFS HAth E39 olFATS e o] 49
BAE Bole 732 AT Zol7t Aold45 F7lstinh

LR AFA = BAE A= AR AEe HYgte] Al
T AL E(MBL) R} Yot afm AA|7] ol A
BAAFE Frefojof Atk B ATolAE ABS(American
Bureau of Shipping)®] A7 7]%-& WHITHAPL 2005; ABS, 2013).
ABS A 7|Zd E2H AFA 2HEdt= Ao A

50

7 8 9 10 11
Offset (m)

12 13 14 15

Fig. 7 Results of offset test for each mooring line



400

= 300

X

=

5 200

B

=

2 100

0 - TR T R R R N A VU (T RY {0 WAORUT IR AU T PR TR0 APNRE TR YRR 1R 18
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
time [sec]
(@
400

= 300

=

<

& 200

0

c

£ 100

0 -—th R UL IOV NS PO S0P PO oy DN NS M O (TR -
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000

time [sec]

Fig. 8 Time series of tension for mooring length 110m ((a) Tension
at the fairlead of ML1, (b) Tension at the anchor point of ML1)

.0E F3F #hol AFAY] MBLS 23314 golof gt Al
FAle] do] Wsle)] mE AlFAe sk A4S AlLtetr] 9
st} AFA 28-S 35 FMDMS 2] A7 af4)-S a5t
th 19 A@F7)ol SFSH= Table 29 FHZAE FL31H o
o, Bo} QPG AFAIZ" AAE et 27 v 18
1s el I8 et sdsiA At ol 7 2
Feo] WASk= AR 717 Fole] Aol /A7t ML1o|t.
ig. 8-> AlFAe] Zol7} 110mY wl, ML1 % EH(Fairlead, Anchor)
2k g5k A o] AAIE HolEE BHFa T Table 5&
FA Ao] Wzt mE ML19| & Bl 2Hg-8t= A
(T, )7 I =2 RE A2 greg A 2o AAY]
&5 Uehdoh ARl Agshe A Hugke
Rayleigh 3-hour most probable extreme¥} 3-hour extreme with 1%
risk factorE 21-8-sto] AlMbE gholt}, Zh AlFA do] wistel] o}
E AN AAE AR, AR & Bl AH8ste A
ABS A 71 FAAT2.0)S BT s om, AR 4
o7} AojAFE AT STk S #dE + Utk
I, AFAzEe] 3 F& JYshs 47 E52 FAYE £
202 AAEY. 7] T ZAYE B9 I8 A FFLS

Toas ORI o1 o414 7, = AARANE A

)

X o I
X

s

max

= u(1—pg/o,)

Table 5 Results of mooring system

Jeongrok Kim et al.

ol &9, 0, AT A Afe]o] Zhmolth y= A v
AFR 07 A83tom, po= A9 AA 2 o] FH1025kg
), o5 B9 AH & 23T EQ] F3H2400kgT/m’) o)tk Al
Tl Aol 55m, 110m, 150m T3k Table 50 Ve 37170l A
o] HoAe e A g3t 75 ZAE B59 HA TS 44
77.11ton, 51.22ton, 44.44ton°|t}. YA FTHFLE AFA L do|7t &
=75 7Pk As st

ool AAZRE, AR Ho|rt AoAFE A &
AN FrElshe BA FEFS AR ot F/ETE A
3= 21 ERIsATh AR Zolg vF A == Y
A 2ASE 1o mE AFAR AES AFHEe] STt
ek opet Al 3h0] A4t o]F Ao wE of gl
HYZT B ATolME A B kY SHE FREeE
23te] AR ZolE 110m=E AT

4. DHAE

2gAEe FAEA Ao AF 9 d¥Her uHT &
= HlA gtotaly] S8l w3 vl Fa% A
A GAF et B AFoMe FH8) /102 2 29
al APZYE ZIpgze A
Froude 2ol W} o35 L54HS A Fig 9=
A2 2go] 3209 CAD = AF & 2y ARE HoFa
2tk Table 60l 22| AYE FE3FH T

z
>
0f \
A
o,
f
o
“

(b)
Fig. 9 (a) 3D CAD drawing, (b) Experimental model

Tension . .
Mooring line length [m] ML1 : Anchor block weight in
Tax [KN] Safety factor ~ ABS compliance (Y/N) air [ton]
Fairlead 315 4.06 Y
55 77.11
Anchor 252 5.06 Y
Fairlead 234 5.46 Y
110 51.22
Anchor 192 6.66 Y
Fairlead 224 5.70 Y
150 44.44
Anchor 170 7.49 Y
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Table 6 Specifications of experimental model and mooring line

Item Unit Value
Mass [ke] 15.92
Draft [m] 0.4382
CoG from SWL(z.) [m] -0.099
Pitch moment of inertia (about CoG) [kg'm?] 1.6832
GM [m] 0.6309
Depth [m] 2
Mooring length [m] 11
Mooring weight in water per unit length [kgZ/m] 0.3
Heave natural frequency [rad/s] 8.267
Pitch natural frequency [rad/s] 5.764
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Table 7 Regular wave conditions

Jeongrok Kim et al.

Case 01 02 03 04 05 06 07
w [rad/s] 8.98 8.38 7.85 7.39 6.98 6.61 6.28
H [m] 0.023 0.026 0.030 0.023 0.025 0.028 0.031
HI\ - 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Case 08 09 10 11 12 13
w [rad/s] 5.98 5.71 5.46 5.24 4.83 449
H [m] 0.034 0.038 0.041 0.045 0.053 0.061
H/\ - 0.02 0.02 0.02 0.02 0.02 0.02
Table 8 Irregular wave conditions (JONSWAP spectrum)
Case 101 102 103 104 105
H, [m] 0.1 0.1 0.102 0.107 0.055
W, [rad/s] 2.61 3.24 224 3.07 3.29
vy - 1.0
1.6 23709 EEOR Qe WA 9 HA o] HA 27151
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Table 9 Experimental results for irregular wave

Case Hs (253)1/3 (255)1/3

[m] [m] [deg ]

101 0.1197 0.0568 20.5875

102 0.1107 0.0637 242575

103 0.1047 0.0477 17.0323

104 0.1152 0.0638 23.5961

105 0.0574 0.0356 16.0076
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Study on Sea Trial Analysis of Wave Piercing High Speed Planing Boat
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ABSTRACT: This study investigated the sea trial performance of a wave piercing high speed planing hull (WPH). The bow shape of
the boat is sharp, and it has no chine or spray strip like a normal planing boat. The skeg is attached to the bottom of the boat in the
longitudinal direction from the bow to the stern. The speed performance was analyzed as the speed dropped in a wave, and the
seakeeping performance was compared with that of a planing boat with a similar velocity coefficient by measuring the vertical
acceleration of the bow in the wave. The turning circle was compared with Lewandowski’s estimation for a planing boat. As a result
of this study, it was confirmed that the velocity drop of the developed WPH was not large in a wave, and the vertical acceleration was
greatly reduced compared with that of a normal planing boat. The turning circle was somewhat larger than the estimated results for
a planing boat, but the overall tendency was the same.
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Table 1 Principal dimensions of test boats
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Prediction Method for Linear Maneuvering Hydrodynamic Derivatives
Using Slender Body Theory Based on RANS

Sungwook Lee’
“Korea Maritime and Ocean University, KMOU, Busan, Korea
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KEY WORDS: Manoeuvrability Z%3, Slender body 41744, Computational fluid dynamics A4+ %8t Manoeuvring hydrodynamic

derivative 2% 5418 VA4, Stern hull form 4w &

ABSTRACT: It is important to predict the hydrodynamic maneuvering derivatives, which consist of the forces and moment acting on
a hull during a maneuvering motion, when estimating the maneuverability of a ship. The estimation of the maneuverability of a ship
with a change in the stern hull form is often performed at the initial design stage. In this situation, a method that can reflect the change
in the hull form is necessary in the prediction of the maneuverability of the ship. In particular, the linear hydrodynamics maneuvering
derivatives affect the yaw checking motion as the key factors. In the present study, static drift calculations were performed using
Computational Fluid Dynamics (CFD) based on Reynolds Average Navier-Stokes (RANS) for a 40-segment hull. A prediction method
for the linear hydrodynamic maneuvering derivatives was proposed using the slender body theory from the distribution of the lateral
force acting on each segment of the hull. Moreover, the results of a comparison study to the model experiment for KVLCC1 performed
by KRISO are presented in order to verify the accuracy of the static drift calculation. Finally, the linear hydrodynamic maneuvering
derivatives obtained from both the model test and calculation are compared and presented to verity the usefulness of the method

proposed in this study.
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Table 1 Principal dimensions of KVLCC1

KVLCC1 Ship (1/1.000) Model(1/46.426)
LBP / B/ T [m] | 320.0/58.0/20.8 6.893/0.625/0.448
Displacement [m’] 321,738 3.1253
Reynolds No. [-] 2.18x10° 6.662x10°
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Fig. 5 Computation domain for static drift calculation

Table 2 Numerical schemes for static drift calculation with OpenFOAM
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Table 3 Bare hull static drift force results (Exp. vs. Cal.)

Drift angle Model test Calculation Difference
[deg] N] [N] [-]
5 49.713 39.763 80%
10 117.856 107.109 91%
15 203.233 188.630 93%
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Fig. 6 Bare hull static drift force between experiment and calculation
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Table 4 Linear manoeuvring derivatives (Exp. vs. Cal.)

Exp. Cal. Difference
Y, -0.2758 -0.2872 104.1%
N, -0.1501 -0.1472 98.1%
Y, —(m +m,) -0.2421 -0.2505 103.5%
N, -0.0362 -0.0339 93.8%
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Numerical Simulation of One-Dimensional Madsen-Sgrensen Extended
Boussinesq Equations Using Crowhurst-Zhenquan Scheme
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KEY WORDS: Madsen-sgrensen extend boussinesq equations Madsen-sgrensen 1783 boussinesq %42], Crowhurst-zhenquan scheme
Crowhurst-zhenquan **, Solitary wave 183}, Plane beach $5FsF A a4 Y], Submerged breakwater 44|

ABSTRACT: The aim of this paper is to apply the Crowhurst-Zhenquan scheme to one-dimensional Madsen-Sgrensen extended
Boussinesq equations. In order to verify the application of the aforementioned scheme, the propagation of solitary waves was simulated
for two different cases of submarine topography; e.g., a plane beach and submerged breakwater. The simulated results are compared
to the results of recent studies and show favorable agreement. The behavior of progressive waves is also investigated.

1. M = He E3lo] a4 & 4= ok Grilli et al.(1994) FHAE At

= Yol A3 AHE SHOH(Grilli et al., 1994), Ghadimi

AF FAZE olsisly] Yste] UAFe BEYRel =HAMYTE et al(2016) Madsen-Serensen 2748 Boussinesq B 21(1992)

T F hEA Ayt Boussmesq Aol ol g 949 & /S AW(FEM, Finite element method) 2.2 =X]3]4-S ‘3}
(Shallow water)ol| Al SH-& Albehe $78H mdolt), matbx  of o]F FRI3FTHGhadimi et al., 2016). Kang et al.(2017)

AR, &9, FA 5o Fe Y, B F8hA 2% A Madsen-Serensen 233 Boussinesq H7821(1992) 7]t

WAooz g AH A7V JAE I Yti(Jang, 2017; Jang, X WHI XFEE = Crowhurst and Zhenquan(2013)9] -3k}

2018a; Jang, 2018b). EFAANEE At B A A sfHdE 23

317 Boussinesq g 24)(Boussinesq, 1872)2 B3 s|A 2| 3= kgl AL sfiek 2] & (Peregrine, 1967)004 1P x} A}

ol AT ZgFT} HkHol| Peregrine W73 (Peregrine, 1967)> €+ (Propagation)®} 2E<(Shoaling)oll &3+ 3] A& 3} tHKang

Tk 71&olxl SA A ¥ HgHrh oFgk BlAdP A (Weakly et al., 2017).

nonlinearity)®} 2F3+ EAHJ(Weakly dispersivity)S L& sl=
Peregrine 4412 A5 FHollA= vind Fgs A79E =
Z3HAINE, Al YY(Deep waten) oA Thak S AAE
&3t} Madsend} Serensen(1992)2 ©|213t AL SFET
7] $13F] Madsen-Serensen £33 Boussinesq *-d4)(1992)=
1+ tMadsen and Serensen, 1992).
FAHA7IHOR o7 F8F rds
T4 2(1992) =

s AH

Madsen-Serensen 8% Boussinesq % FA| 84 7]

E AFol A= Kang et al.(2017)3 5YT {321 8/=2) A4t
HE ARSIR oW YRbHRl SF3NAA A 73] AlE# 0
AL 3T B Ao A= Kang et al.(2017)3 of2A] sk
< E3HA od= ek Ak siA 1E A% (Wang and Liv,
2011)3 #Al A Q(Grilli et al.,, 1994; Ghadimi et al., 2016)& =
At 2 AFE stk o5 F& XA d7ee TEA
TP gte] Mubel o Ewmul olug} EY(Fission), Y- KReflection)
a3l FAAFGA ] Fo] FE A FRIEGOH, 1Y
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Fig. 1 The schematic description of computational domain

ZF 5 AEe wtAet BAEAL AExdes
ske] 2 (5)9k 4 (6)F Zeo] YEhH, 27]=
IS Ueil= de ARSte] 4 (D3 4 (8)F 2ol

(Seabra-Santos et al., 1987; Kang et al., 2017).

Py = P = Py = By =0, Vn& (0., ©
M =1 == =0 VnE{0... N}, ©
0 _ of K .
P'=P,(z,) = acsech 755;,)7 vie{0,..., M+ 1}, M
o K
7 =n,(z;) :asechz(;%), Vi€ {0, M+ 1}, ®)
K= $, c= \/gh(l‘f‘%)
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Table 1 Error with regard to the size of mesh
(a) Fixed At (b) Fixed Az
Ax At Error Ax At Error
0.05 0.0512 0.0100 | 0.0512
0.1 0.01 0.0512 0.1 0.0010 | 0.0111
0.5 0.0512 0.0005 | 0.0099
A Bl A Axpe] A7)= Ate] Ar)el A Y9

=0.1mZ 3}, AHAAe] ArjE 24
2 3= AL=0.0005s% 3o}

3. x| AIE20|M
Az =0.1m, At=0.0005s
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st} & 4= AtLee and Cho, 2000;
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Kang et al., 2017).
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Table 2 Courant-Friedrichs-Lewy conditions

Section 3.1 Section 3.2
k 1.310 0.260
C 1.380 3.100
c, 1.350 3.030
C 0.007 0.015
2
o= %= gh% (10)
1+ (B+ §)k2h2
2
G =C1- Ll 1 , an
3(1+Bk2h2){1+(3+§)k2h2}
G =C A/ Ax <1 (12)

9 AEdA k= I<E3(Wave number), O 973 <% (Phase
velocity), wi= 2t F9(Angular frequency), ¢ = <5(Group
velocity)©]Th oF2fl2] Table 2= Ar=0.1m, At=0.0005sZ 3}
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3.1 24FsH AAe| oK o =
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(13)3} ZtHKlopman, 2010).

0.2, (0 <z <10)
h(z){10a[1+tanh{tan(0.05m)}]+0.1, (10 <z <30) (13)
0.2—20q, (30 < = < 40)

AAFE F-& Om<z <40m(N=400), 0s<t <22s(M=44,000) ©| T},
10m<z <30mell BAE Jom, 27] 4L hy =02mo|H, A
Abe] 219 WEL o) =5m, a=0.02mo|tt. F& L L=
44mol™, ol= UYL p/a=0.01%0 AR Ato]e] AglelH
L=21.86h, = T8 FITHWang and Liu, 2011).
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Fig. 9 Values of amplitude with regard to z coordinate and the
numerical data of Ghadimi et al.(2016) : v, =1/2, 4, =1/4

Table 3 Mean velocity between ¢,"and t,’

Location(z’) | Mean velocity

t) t, ()

Numerical -1.4 5.8 0.91

N Ghadimi et al. (2016) -1.3 6.3 0.95
Numerical -1.5 5.1 0.83

T Ghadimi et al. (2016) -1.4 5.5 0.87

Table 4 Solitary wave amplitude at ¢,”=12.99

Amplitude(n)
Slope " o
Numerical 0.054 0.055
Ghadimi et al. (2016) 0.057 0.058

AL AT Fkste] 2o HolAul, FA fA] &
=7} 27bebl Ak 712717k B 245 WAE SIS
fAel £57} o = e5edA7L 8 adk ol s #A
o) IR B A He) 0Eo] o AA ArkGhadimi et
al., 2016).

4.2 =

B A A = Crowhurst®} Zhenquan(2013)2] R-3HHE/4=X

APHE &85l 12 Madsen-Serensen 2173 Boussinesq
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KEY WORDS: Semi-metallic gasket M|W]5<4 7}27l, Seal 4, Expanded graphite *3-5<1, Finite element analysis frt843)4],
Stainless steel 2~E|<1E]2~ 7

ABSTRACT: We performed thermal and structural analyses to evaluate the structural integrity of a semi-metal gasket for a flange with increases
in the internal fluid temperature and pressure using a commercial FEA program. As a thermal analysis result, the temperature distribution of the
gasket body increased with an increase in the internal fluid temperature until the maximum fluid temperature of 600 °C. In addition, the structural
analysis showed that contact pressures of more than 35 MPa occurred uniformly in the graphite seal regions. It was found that no fluid leakage
occurred under the load conditions for the structural analysis because the contact pressure in the graphite seal region was greater than the maximum
internal fluid pressure of 35 MPa. Therefore, we demonstrated the structural integrity of the semi-metal gasket by performing the thermal and structure
analyses under the maximum fluid temperature of 600 °C and the internal fluid pressure of 35 MPa.

1. M =2 22, HgE 7t =3 558 RleESARE et
AHE8= AlP|E45 71227 (Semi-metal gasket)©] $10.H, H|FS

]r

A Al 5(Seal material)= T=E, 71AIRE, 4% 7171 5 FA A=t 7ML e A4, dEAAE 245 Amr /R e
o] F4(Leakage) WA &2 AMEEE WA, 12, 1%k, AR, WdA T oS 2FFoEA AT 2= 9 oY
T2, 8l A T 7HEE 2 ofolA @Est des 8 A Hold /|EAES 3T F e BAo] Utk 71EY
o} A2 230 FFolANt Ve B Age tids] T8 dE] ARREHI e tEA Arlgd TieAle svjold o}

o] B Feofol ae - 39k $71, BetekE & vl &= 7h2=7(Spiral Wound Gasket)©] AT
LA NS W ZAAke] kel WA= G AW A OIT (Lee 2 AFolME 7180 e - gk SN T BT
et al,, 2013). 03)3h= 2uto]d 9}t JlaAl B} AAA, AsHlA

kAL Aduk AR, JEHEr] 5 ol FEX 1A He Bo s AnEg JhaAle sk on, F45 nir)Re)
7heAE AL BEE 5O2 Adste] FAS WAEe 0 A AR A%E AR 349 A1 72t Fig. (a)
A (Static seal)S TIoh 7tA F dutHo® F& 7 = 7|EY 2vold ot 7k, Fig 1(b)e AlRlEd 7k
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(a) Spiral wound gasket

(b) Semi-metal gasket
Fig. 1 Gasket geometry
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Table 1 Material properties for FEA

Tensile strength (MPa)

0.0 0.5 10
Elongation (%)
(a) Apparatus of tensile test (b) Tensile test graph

Fig. 2 Tensile test of expanded graphite sheet
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AlelE4s 712A9] A RE Br8h] Yt sy
I FxIHAE FRsYk Fig 32 324 o) A8H
g ZAMA§ Am7kaAe) 3D CAD EdolH, dj4 mde
WA, FE7taA, FA 4, BE, UEE FAFHS Qith
Table 1 F32434E g FWA§ Au|Z< 727l 74
ol Alge] AL E4AE YEIcHMathan and Prasad,
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Fig. 3 3D CAD model of flange and gasket

Part Material Young’s modulus [GPa]
Gasket SUS304 193
Seal Graphite 1.16
Flange SUS316 214
Bolt & Nut S35C 210

Yield strength [MPa]

Tensile strength [MPa] Poisson’s ratio

205 520 0.3
2.59 3.98 0.2
290 580 0.3

500 800 0.3
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Fig. 4 Materials properties at high temperature
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Fig. 5 Finite element model of flange gasket
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Fig. 6 Finite element mesh of flange gasket
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Fig. 7 Boundary conditions for thermal analysis in flange gasket
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Fig. 8 Temperature distributions on the internal fluid temperatures
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Fig. 10 Load conditions for structural analysis: (a) Body temperature : 599.74°C; (b) Pressure 35MPa; (c) Bolt preload : 16800N; (d)
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Fig. 11 Contact pressure at the graphite seal in the semi gasket body: (a) contact pressure of upper side ; (b) contact pressure of
bottom side.
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AA Tz BAAA 7S 123 LING 28 Tz
Z2A) A9 A B3 AT
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Fdueh Aot
A E A=A A

KEY WORDS: Sloshing impact pressure €27 S4U4E; LNG CCS H3bd A7k AdA| 28, Insulation system W& T2, Transient
dynamic response analysis 55 24-3 534, Triangular response function 2H2+8-8- 53+, Elastic support effects of hull structure 41
ATz SAAA &3

ABSTRACT: The sloshing pressure acting on a membrane-type LNG CCS is a typical irregular impact load, and the structural response
of a tank system induced by sloshing also shows very complex behavior, including fluid structure interaction. Therefore, it is not easy
to accurately estimate the sloshing impact pressures and resulting structural response. Moreover, a huge time consuming process to deal
with the enormous pressure data obtained during a model tank test and the following structural analysis would be inevitable. To reduce
the computation time for structural analysis, in this study, a rational structural modeling strategy was considered, and a simplified
scheme to analyze the dynamic structural responses of an LNG CCS was introduced, which was based on the concept of the linear
combination of the triangular response functions obtained by a transient response analysis of structures under unit triangular impact
pressure. A structural analysis of a real Mark III membrane type insulation system under the sloshing impact pressure time histories
obtained by model tests was performed using the various proposed structural models and simplified analysis scheme. The results were
investigated in detail, including the elastic support effects of the hull structure.

1. M = £ AATN oA aBEor & 71 583 sk 84 F shol

o} 9] ING &4H 3} FING(ING FPS0)2| 3H&% thd s} 5

LNG A4}e] CCS(Cargo Containment System) W04 WA= Aol we} WadF2o) 2-83= 74 288 A3 o]l o
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Table 1 Material properties of insulation system

E[MPa] plkg/m’] v
Mastic 2,880 1,500 0.3
Plywood 8,900 710 0.17
R-PUF 84 120 0.18
Triplex 13,133 2,500 0.3
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Table 2 Maximum static stress components of unit pressure in each FE model

[unit : Pa]
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Vortex-Induced Vibration Analysis of Deep-Sea Riser

Seongjong Park and Bongjae Kim’
"Central Research Institute, Samsung Heavy Industry, Seongnam, Korea

sl ol A oHif7] 2534

- A

) FFAT2

1=
ox,
i

ol
2 o

Ak
=

o

=
5

KEY WORDS: Steel catenary riser 7FEIUE] 2}o]%], Top tensioned riser “&5-4% 2}o]*|, Vortex-induced vibration 2+7-f7] 715,
Fatigue damage T2 <%, Mode superposition 2.5 53

ABSTRACT: A numerical model based on the mode superposition method is used to study the vortex-induced vibration response
characteristics of a deep-sea riser such as steel catenary riser (SCR). A steel catenary riser can be modeled using a flexible cable with
simple supports at both ends. The natural frequency, mode shape and mode curvature of the riser are calculated and the vortex-induced
vibration response of the riser is obtained using the equilibrium of the input and output power. The mode superposition method is
applied to the vibrational stresses for each mode to calculate the overall riser fatigue life.
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Fig. 1 Lift coefficient model

Table 1 Lift coefficient(Vandiver and Li, 2015)
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Fig. 3 Steel catenary riser system
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Table 2 Verification riser model

Item Value & Condition Remarks
H [m] 1,000
Z [m] 0 Hang-off depth
D [m] 0.6 hydraulic diameter
D, [m] 0.6 steel pipe diameter
m [kg] 600 effective mass
0 [°] 1E-3 hang-off angle
E [N/m’] 2.10E+11
N 1 A -
St 0.18 Strouhal number
p; [kg/m3] 1,025
v [m%s] 1.30E-06 fluid viscosity
V [m/s] (bE)tt(;gzn)l '32 linearly varying

Table 3 Natural frequencies (verification model)

Mode No. Freq. [Hz] Difference [%)]
Present SHEAR7
1 0.046 0.046 0.2
2 0.092 0.092 0.2
3 0.138 0.139 04
4 0.184 0.185 0.6
5 0.230 0.232 0.9

Fig. 4 Mode shapes (verification model)
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Table 4 S-N curve properties

Seongjong Park and Bong Jae Kim

Point Stress Range [MPa] Cycles to Failure
1 324.05 0.1E+05
2 27.65 0.1E+09
——Present - --- SHEAR7

RMS Stress (MPa)

Fig. 6 RMS stress (verification model)
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Fig. 7 Fatigue damage (verification model)
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Table 5 Catenary riser model

Item Value & Condition Remark
H [m] 1,356
Z [m] 144 Hang-off depth
D [m] 0.3556 hydraulic diameter
D, [m] 0.3556 steel pipe diameter
m [kg] 3283 effective mass
m [kg] 124.7 submersible mass
0 [°] 12 hang-off angle
E [N/mz] 2.07E+11
St 0.18 Strouhal number
p; [kg/m3] 1,025
v [m%s] 1.30E-06 fluid viscosity
(top) 1.0 . .
V [mvs] (bottom) 0 linearly varying
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Table 6 Natural frequencies (catenary model)

Mode No. Freq. [Hz]
1 0.102
2 0.203
3 0.305
4 0.407
5 0.509

Model ----Mode2 — — Mode3 —-—Moded4 —:-—ModeS5

x/ X

Fig. 9 Mode shapes (catenary model)
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Fig. 10 Curvatures (catenary model)
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Table 7 Natural frequencies and lengths (various models)

0 [°] 10 11 12 13 14
Mode 1 0.100 0.101  0.102  0.102 0.103
Mode 2 0201 0202 0203 0205 0.206
IEIr—?;]' Mode 3 0301 0303 0305 0307 0.309
Mode 4 0401 0404 0407 0410 0412
Mode 5 0.502 0505 0509 0512 0515
L [m] 1,616 1,645 1,675 1,705 1,736
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Table 8 Maximum RMS stresses (various models)

0 [°] 10 11 12 13 14
Max. RMS stress [MPa] 194 173 156 142 131

-- 10 degree — — 11 degree 12degree —--—13degree ------- 14 degree
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a
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ol
0 1
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Fig. 14 RMS stresses (various models)
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Simulation-Based Determination of Hydrodynamic Derivatives and
6DOF Motion Analysis for Underwater Vehicle
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AEE oA bt 5 E Al FAE viAle 24 2 64l E =5

KEY WORDS: Hydrodynamic derivatives 4% H|A|<5, Underwater vehicle % &%, Tow-fish 5% <1, Computational fluid
dynamics (CFD) H4H-AI< 8, Least square method # 4 2454

ABSTRACT: This paper introduces a simulation-based determination method for hydrodynamic derivatives and 6DOF (degrees-of-
freedom) motion analysis for an underwater vehicle. Hydrodynamic derivatives were derived from second-order modulus expansion and
composed of the added mass, and linear and nonlinear damping coefficients. The added mass coefficients were analytically obtained
using the potential theory. All of the linear and nonlinear damping coefficients were determined using CFD simulation, which were
performed for various cases based on the actual operating condition. Then, the linear and nonlinear damping coefficients were determined
by fitting the CFD results, which referred to 6DOF forces and moments acting on an underwater vehicle, with the least square method.
To demonstrate the applicability of the current study, 6DOF simulations for three different scenarios (L-, U-, and S-turn) were carried
out, and the results were validated on the basis of physical plausibility.
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d el vl 8% HEE AFEHE F Uk ol =5 F AA(Tow-fish)e] ZH-F Alojgo] gl7] W&ol HE oS0l
s getaly] HeiAE T 75 &5Ad g A=43  JojA HEg FRAY 2dYo] vl F8s Ttk
= HAE A E 53l4 0] WEA Faslth % A a8 #@ SHAEY A fA9  vA(Hydrodynamic
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A FEslE e oshe] AFA e PHeE 2l Z(Semi-empirical) WHH 1231 PMM(Planar motion mechanism),
g & 4 J=7t 3= Holth RA(Rotating arm) A| &=} 7EL° TFERAFE 53 AA YT o]

T oA g8e Idutdo g AFE, FRAY, Ao, 2F0 Wi FAFE oSSk de AR HA4] o
dHeteo 2 FEAT VA BFEL FF A A S Xk AHATE 25k de B2 dAE 7R QL
of it = AHoH Q7] Wi e FF AL Ao = ALE dEA Aok WA LS B33 F4S FE9
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Table 1 Computed wind and current forces on buoy models
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Hazards and human or animal subjects
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laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
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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
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(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
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3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.
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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.
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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
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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
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(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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