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Study of Hull Form Development of 5-Ton-Class Catamaran-Type
Coastal Fishing Boat for Welfare Accommodation of Fishing Crew

Uh-Cheul Jeong, Hyun-Soo Kim', Soo-Yeon Kwon™ and Ji-Hoon Choi

‘Dept. of Naval Architecture and Ocean Engineering Inha Technical College, Incheon, Korea
Korea Ship Safety Technology and Authority, Sejong, Korea
"Deawon Marine Technology Co. Ltd., Busan, Korea

KEY WORDS: Fishing Boat ©141, Hull form development 137", Catamaran %541, Resistance performance #3/3%, Model test

2 A3, Welfare space 5437t

ABSTRACT: This paper reports the hull form development and resistance performance of a 5-ton-class catamaran-type coastal fishing boat. The
weight estimation and preliminary design were basically extracted from existing coastal fishing vessels. In addition, the resistance performance was
investigated using a model test in a high-speed circulating water channel and was analyzed in comparison to an existing catamaran fishing vessel.
As a result, the modified hull achieved an approximately 30% reduction in resistance compared to the previous hull. The stability or boarding
sensitivity of the modified hull form was more stable or comfortable than the original hull form based on a trim and sinkage comparison between

the two boats.
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Table 1 Principal dimensions of Hull-A
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Items Dimensions
Length of upper deck side line 9.50 m
BOA (MLD) 340 m
Breadth (Demi-hull) 1.04 m
Depth (MLD) 0.9 m Fig. 2 Model ship of Hull-A
Departure 0.549
Draft ] m
Arrival 0.584 Table 2 Test condition of Hull-A
Departure 29.468 N
WS.A ) m Test case Condition Remarks
Arrival 30.869
Departure 7695 Case 1 d=0549 m, A = 7.695 ton Departure
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Fig. 1 Body plan of Hull-A
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Fig. 3 Wave patterns of Hull-A at 13.37 m/s (26 knots)
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Fig. 4 Savitsky Chart
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Table 3 Comparison of weight (Light weight)

Items Single Hull [ton] Twin [estimated, ton]
Hull 4.554 20
Outfit 1.644 2.0
Machinery 2.365 0.7
Electric 0.570 0.6
Total 9.133 53

Table 4 Comparison of weight (dead weight)

Ttems Coastal complex fishing boat  Fishing boat
Departure [ton] Arrival [ton] [ton]
Crew 024 0.24 0.08
Fuel 15 045 15

fishing gear 0.5 0.5 -

fish room - 15 0.6
Food 0.5 0.15 05
Passenger - - 0.8
Margin 0.1 0.1 0.1
Total 2.84 294 3.58
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Table 5 Principal dimensions - Hull-B
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Table 6 Test condition of Hull-B

Items Dimensions Test case Condition Remarks
Length of upper deck side line 950 m Casel d=055m A =810 ton Cof?ss;z;; cokr)gg):ex
BOA 410 m &
Breadth (Demi-hull) 120 m Case-2 d=0.60 m A =890 ton fishing boat
Depth (MLD) 120 m
Coastal complex fishing boat  0.55
Draft m
fishing boat 0.60
Coastal complex fishing boat 33.500 5
WS.A m
fishing boat 35.400
Coastal complex fishing boat  8.100
Displacement ton
fishing boat 8.900
300 1750 2050)
090 WL / 0.90 WL
0.60W.L | ] ~/ 0.60 WL
030W.L 3 A 0.30 WL
BASE LINE I —— J;— @2 BASE LINE
EEF EF
oo ¢ 1-6 =

Fig. 5 Body plan - Hull-B
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Fig. 7 Wave patterns of Hull-B at 26knots
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Study on Resistance Component of
Container Ship According to Trim Conditions

Ki-Min Han', Hyun-Suk Park and Dae-Won Seo
"Korean Register of Shipping, Busan, Korea

KEY WORDS: Slow steaming #1<4 &3}, Resistance performance %735, Trim variation E¥%¥ 3}, Form factor 3734

ABSTRACT: The shipping and shipbuilding industries have had business difficulties since the implementation of requlations on the CO,
emissions from ships by IMO and the occurrence of the global financial crisis in 2008. Under this global recession, most shipping firms have
started to operate their fleets at slow steaming rates with the goal of improving the profit ratio per transported unit. This study analyzed the

resistance performance of a 6,800 TEU container ship corresponding to its

trim variation with slow steaming, compared with that at its original

design speed. Two different grid systems were used for the numerical calculation, one that considered the free surface allowing the capture of the
dynamic trim and one that did not. This made it possible to clearly classify each resistance component to provide useful information to hull-form
designers. In addition, a form factor assumption method using CFD was used for a reasonable effective power prediction in compliance with the
1978 ITTC performance prediction method. It was found that the total resistance of a 6,800 TEU container ship was reduced by 2.6% in the case

of a 1-m trim at the bow at 18 kn.

Nomenclature

Fn : Froude number

Cr : Coefficient of total resistance

Cw : Coefficient of wave resistance
Cr : Coefficient of frictional resistance
k : Form factor

WSA [m’] : Wetted surface area
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Table 1 Principal parameters of 6,800 TEU Container ship

Item Value
Lpp [m] 292

B [m] 40

T [m] 12
WSA [m] 13673
V ] 85435
LCB (%), Aft- -1.82




Table 2 Model test conditions and test results

Item Model
Scale ratio 40.214
Fn 0.255
Lpp [m] 7.261
B [m] 0.995
Tf / Ta [m] 0.298 / 0.298
WSA [m7] 8.455
v [m’] 1.314
Cmt x 1,000 3.5856
1+k 1.1050
Cw x 1,000 0.3534
Cem % 1,000 2.9250

Table 3 Comparison of Cny between EXP and CFD at Fn : 0.255

CFD
Exp (2005)
Free Fixed
Crm * 1000 3.5856 3.548 3.468
Difference(%) based on EXP -1.06 -3.27
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Table 4 Comparison table of trim and sinkage between Fn :

0.173 and 0.255
Fn Trim [deg] Sinkage [m]
0.163 0.0462 -0.0042
0173 0.0562 -0.0048
0.183 0.0602 -0.0054
0.255 0.1250 -0.0122
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Table 5 Trim and velocity conditions for numerical analysis

Trim Tf / Ta n Model scale
[m] [m] WSA [m] ¥V [m’]
+2 10.86 / 12.86 8.353
+1 1143 / 1243 0.163, 8.402
0 12 /12 ggg’ 8.455 1.314
1 1256 / 1156 0255 8517
2 1311 / 11.11 8.550
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— 70
60
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Fig. 3 Comparison of total resistance corresponding trim variation

condition
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Fig. 7 Comparison of pressure distribution corresponding to trim
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Table 6. Form factor comparison between CFD and EXP at low

and high speed
CFD EXP
W/ free W/O free Difference
Fn

surface  surface A+ (1+k) [%]

Rt [N] Rt [N]
0.173 30.9 29.2 1.062  1.105 4
0.255 67.6 59.5 1.063  1.105 4
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Fig. 9 The Portion of wave resistance and viscous resistance at
Fn : 0173 and Fn : 0.255

Table 7 Comparison of resistance components and effective
power calculated by utilization of form factor

g, Irm R Ru Reis. Py
[m] [%] [%] [%] [%]

2 98.1 167.7 940 9.2

1 97.4 1482 945 95.2
0173 0 100 1000 1000 1000
1 1001 1977 950 1012
2 1048 2492 96.4 105.9
9.8 105.2 94.6 100.1

1 9.2 104.0 9.1 9.1
025 0 100 100.0 100 100.0
1 1013 1059 9%5.6 101.1
2 1040 1074 97.2 104.2
oJ71A,

R; : Percentage changes of total resistance (%)
Rum. : Percentage changes of wave making resistance (%)
Ruis. + Percentage changes of viscous resistance (%)

P : Percentage changes of effective power on full scale (%)



A A 08%= H2Ach =, AFEA o]2jdt HAFe
AaEdhs T vl 71T Femase] v gl
HAAG] el 71908 Ao Yephgth J8y F A =

T A ER Y Aol Ne i 4% ol Ae] Tk 2
= eyttt Z7F AAelxe] faEvk 4 Ave A459Y
dlA +1m AFEHAA Ao of 5%2 sk, 159y

oAE +m AFEGeNA Aol 1% 2 ‘3}9%1:}.
b nEFoln e AEMe] o=Ae AE e

o] AelelyWid e A471e%3 SAiA 2] 7]
LHEE WA ABE ds A A=H AL
(Slow steaming)= 3t & AT ZAMEOH, B A9
th g1kl 6,800TEU ZE|©]134d 2] 73-9- DMCR2] 40% <X1E
2 HefollA SFHETE oF 40% F= ASE YEth ol
g A9l —fv’:f.%%ii R R B AP A& 14

FoollA o] EgIRistel] e AP HEE FAANS T
3 FA4 stk ﬂ%ﬂr 2 AIdE ATk

A<:(Fn : 0.163~0.183)3 1&(Fn : 0255)2) BH-FEA 2
o|Z2 QI EH, 3l WIS HES] 93t Free9} Fixed

’6
27004 FAALS TR, O A3 By AAY 72
o2 A& AE ¢k 03% A& AE ¢ 22%9] xto 1% Bk
wra}A, ZZ0 A Agide] o|Fd BS T
B4 Hsls 38T § Jde AR 2 FA AL %%OI 2
9l Aoz Rl

% A

: 0255) %A= AFE
B2t = Even keel "LEHQ]- E,Ei‘j 3k xpo)7) §lE Ao E UERte
™, -1m, -2m AU EZHFn0.17)N A= F 1.3%, 40% 7+ A
o] Z71etgth AFg=7te]l tlRES Muje] Z3bA E ol A
71908k Ae® YERsT

ALYl A= +lm, 2me] HAFEH ZHolA <F 2.6%,
19% Ado] Ao Am, 2m AVEYH A= oF
01%, 4.8% A gl —7}6}99\1:} A4 @ &84 9k o 2m

ko

AuEd 2A04 AR ARENE zRAD duo] 2
Ao et
AT 2qstel, mEA AADIN 2T HAA

o] AAsh= viEs ZARICH, I AR ALFA(Fn
0.173)0ll A= EfWstel] whe} 2apAgo] AFReh= HIE2 6%
oA A 13%°1H, LGS (En : 0.255)0014 Z3Agkeo] 24X
1 u]%g 12%°1W Ad) 18% 2 JERTE T3, 1) AL

S EY W3l wel 2aA e Fubsta HA
= 2108 YEstth
]_

anke 34 A3 A&GolA +im AFEY =

= O 1 =

[0

202
e o R orlr
ro
N
M)
>4
ol
ol

ZeloluAe] AgdEE 54 A 417

AodA 48%E AW A3t oH, AEPHod = +Im A5
Z794 ¢ 09% 2 H ZAsiAnh olH 3 A g
QRlo 2= HAAY A2 votdn weli] B Auke]
Fabel 2A 08, MuEYRTE +im ASED 24
3= Aol fEld Ao= AdHnh
TAIE gHEo giidute] disl] Yg 54 E
o] ME HAFFe| AfolE AR AR, f%kfsr ohekgk A
T zAoR Mo W= v pe
g Mz HAEAFV7E A7 H8F F o2 Bt

N ol to ox oY |m
N’Ea FE r[ﬂ: :‘O :10 "‘>’ UE
e

A o
ofh

o
]

7= (hI=AEH AGTEAETe] A A TEN
A} (No 10040030) 2] Ao 3 AFdx T L7

References

Buhaug, O., Corbertt, ]JJ.,, Endresen, O., Eyring, V., Faber,
J.Hanayama, S., Lee, DS, Lee, D., Lindstad, H., Mjelde,
A, Palsson, C., Wanquing, W., Winebrake, ].J., Yoshida,
K., 2009. Second IMO GHG Study. 1-40.

Jung, N.-T., 2011. Recent International Development on the
Technical and Operational Measures of IMO’'s CO;
Emission Control From Ships. Journal of the Korean
Society for Marine Environmental Engineering, 14(1),
65-71.

Lee, J.-K.,, 2012. Study on the Resistance Performance of Ships
with Initial Trim. Master’s Thesis, Korea Maritime
University, Korea.

Park, D.-W., Lee, S.-B., Chung, S-S, Seo H-W., Kwon, J.-W.,
2013. Effect of Trim on Resistance Performance of a Ship.
Journal of the Society of Naval Architects of Korea, 50(2),
88-94.

Park, SH., Lee, S-B, Lee, Y-M, 2014. Study on the
Estimation of the Optimum Trims in Container Carriers
by using CFD Analysis of Ship Resistance. Journal of the
Society of Naval Architects of Korea, 51(5), 429-434.

Park, J., Kim, N,, 2014. A Comparison and Analysis of Ship
Optimal Routing Scenarios considering Ocean Environment.
Journal of the Society of Naval Architectures of Korea, 50(2),
99-106.

Seo, D.W., Park, HS., Han, KM.,, 2015. Analysis of Resistance
Performance for Various Trim Conditions on Container
ship Using CFD. Journal of Ocean Engineering and
Technology 29(3), 224-230.

Sherbaz, S., Duan, W, 2014. Ship Trim Optimization :
Assessment of Influence of Trim on Resistance of MOERI
Container Ship. The Scientific World Journal, 1-6.



S=af F T3 A A29d AM6Z, pp 418-426, 2015 128 / ISSN(print) 1225-0767 / I1SSN(online) 2287-6715

(Original Research Article ] Journal of Ocean Engineering and Technology 29(6), 418-426 December, 2015
http:/ /dx.doi.org/10.5574/KSOE.2015.29.6.418

gl ea 2 M REIE AT
" Approval Center Korea, DNV-GL

Fundamental Study for Predicting Ship Resistance Performance Due
to Changes in Water Temperature and Salinity in Korea Straits

Jun Seok’, Song-Han Jin, Jong-Chun Park , Myung-Soo Shin~ and Sung-Yong Kim
"Research Institute of Medium & Small Shipbuilding, Green ship research department, Busan, Korea
Department of Naval Architecture and Ocean Engineering, Pusan National University, Busan, Korea

"Korea Research Institute of Ships & Ocean Engineeering(KRISO), Daejeon, Korea
" Approval Center Korea, DNV-GL, Busan, Korea

KEY WORDS: EEDI 184 244 H] 2|4, Ship Resistance 1A #3}, Temperature =X, Salinity 9%, Korea Straits th3Hsl 3, ISO 4| &
F317]7F, IMO =AI3| A1, ITTC MAIS23]2], CFD L"Hﬂﬂcﬂﬂ

ABSTRACT: Recently, shipping operators have been making efforts to reduce the fuel cost in various ways, such as trim optimization and bulb
re-design. Furthermore, IMO restricts the hydro-dioxide emissions to the environment based on the EEDI (Energy Efficiency Design Index), EEOI
(Energy Efficiency Operational Indicator), and SEEMP (Ship Energy Efficiency Management Plan). In particular, ship speed is one of the most
important factors for calculating the EEDI, which is based on methods suggested by ITIC (International Towing Tank Conference) or ISO
(International Standardization Organization). Many shipbuilding companies in Korea have carried out speed trials around the Korea Straits.
However, the conditions for these speed trials have not been exactly the same as those for model tests. Therefore, a ship’s speed is corrected by
measured environmental data such as the seawater temperature, density, wind, waves, swell, drift, and rudder angle to match the conditions of the
model tests. In this study, fundamental research was performed to evaluate the ship resistance performance due to changes in the water
temperature and salinity, comparing the 1SO method and numerical simulation. A numerical simulation of a KCS (KRISO Container ship) with a
free-surface was performed using the commercial software Star-CCM+ under three conditions that were assumed based on the water temperature
and salinity data in the Korea Straits. In the simulation results, the resistance increased under low water temperature & high salinity conditions,
and it decreased under high water temperature & low salinity conditions. In addition, the I1SO method showed the same result as the simulation.

1. M 2 = 1AaE 5H0 2 A 2AH| A 5 (Energy efficiency design
index, EEDI)E S=93taL 9lof 2013\ 1€ 195 Aloks= 4=

B

2 &7 7] FAel whet s A AHES Auke] A Bulb)  AERSel thlA o2 S 2 EEDI g WESAI7I =S rAstal
M=%, E¥ HZ3KTrim optimization)5-& Fal Adte] T8  Uth

2 Az A4S A% =9 s ok =3 AT 3, ARG opyel dEshs Alutel tisiM e A
(International Maritime Organization, IMO)ol| 4] o] 2F&}gka ) o4 &-&A 4 (Energy efficiency operational indicator, EEOI),
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A S F3l Kim et al.(2007)2 Reynolds 71 A2 & 70
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2 =7 A5, Kim et al.(2013) 2 Part et al.(2013)2
CFD(Computational fluid dynamics)& ©]-83F HHEZ | /“] A
whe] f-8rte 3745, Park and Yoon(2014)2 AlE#Eo|AS
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Fig. 1 Location of buoy in Korea straits
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Table 1 Data of Temperature and Salinity at the Korea straits

buoy from KHOA
Month Temperature [C] Salinity [PSU]
January 13.6 342
February 13.0 342
March 13.7 343
April 14.1 34.0
May 159 33.8
June 204 32.8
July 23.2 324
August 26.6 315
September 255 317
October 233 333
November 19.6 325
December 16.3 292

Table 2 Data of temperature and Salinity at the Korea straits
from KODC

Temperature [C]

5m 10m 15m Om
149 149 149 344
136 136 13.6 345
132 132 132 346
142 142 141 346
169 167 16.6 345
192 191 188 34.1
233 230 224 331
263 258 251 323
256 255 253 326
23 23 222 334
203 203 203 339
174 175 175 341

Salinity [PSU]
5m 10m
344 344
345 345
346 346
346 346
345 345
341 341
332 333
324 326
326 327
334 335
339 339
342 342

Month
15m

344
34.5
34.6
34.6
34.5
341
334
32.8
329
33.5
33.9
34.2

14.8
13.6
13.2
14.3
17.1
19.6
23.6
26.6
25.6
223
20.3
174

January
February
March
April
May
June
July
August
September
October
November

December

Table 3 Simulation condition of physical parameter

Case
Case-1
Case-2
Case-3

Temperature [C]
13.0
26.6
15.0

Salinity [PSU]
34.6
29.2
35.0

WalE e @ 5 ook AAH Table 19 thehd
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= s Ui, 4 )¢+ 2ol H,,(Significant
wave helght)ﬂ- H,,5(Significant swell height)®] &°& et
WITHISO, 2002).

H= \/H 5+ H (2)
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KA the3t o] BRAHTHISO, 2002).
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A, spe AFEAF |, ve AN SHE A4 pe EE
ojtt. ol HA ()& AM AleH Al FE ovlEH, ()&
AFe} 22700 Aol BAE £ 2 dxolA9 #E <
ugth 2 (3)9 ¢ A HA g2 d=ol 9%k A3 Wl
< 7 HA &2 2] (6)odlA E 4 %] Reynolds 72U R, <]
Wsle] W& np A& WslEs 247 Jehdth

Table 4 Limitation of environment condition for speed test

Length Wind Sea state

H=<0.015 + L, 0or3m

Lpp = 100m
P The lower value

Beaufort Number 6

Lpp < 100m  Beaufort Number 5 H< 1.5m
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Lo} T 0] Hadhe AEFE 1T & Utk o 1O W
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ol W g THNEE, Tyv 5 vE SHAS el 7
2te] A% a~e, o/ ~e' i Tables 5~60 50171t} Thgk Qukz o 3. Al AlZ(o|M Ay & =A
2 A Aol =A% HTAE o83t F23 HISS
5738, ol 2] (9)9F 2o Mamaeve] BA2 & o83t 3.1 x| Al=20[M LY
FE(9)E 4T T Atk 2 ATolAE 33 R HIgSA fee aLEskaen,
ol W o]-&d AL v o] A% WA +FF
p(Ty) = glat+bTy + 1% +dTi,) 7 &It
U Ty) =d +V Tyt ¢ Tho+-d T+ Ty, tS)] al; —o (10)
o,
p=1028.14—0.0735 7}, — 0.00469 7%, ) , -
+(0.80240.0027},.)(S—35.0) U, o) 1ep 1o Ol —pud |+ B (11)
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Table 5 Coefficient of density equation
Salinity a b c d
0.0% 101.94920 5.503076E-3 -7.684340E-4 3.6116360E-6
3.5% 104.83004 -6.210858E-3 -5.976822E-4 2.5797397E-6
Table 6 Coefficient of kinematic viscosity
Salinity a’ b’ c’ d’ e’
0.0% 1.786170E-6 -6.071739E-8 1.507093E-9 -2.552462E-11 2.087519E-13
3.5% 1.8277885E-6 -6.0200312E-8 1.528715E-9 -2.741868E-11 2.3718711E-13
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A7I4 Ue BEEEHE, o= HEA, = AR pE B,
T4 18 = AHH

e SRR oA AR E,

al.(1995)©] #<+3F realizable k—e WWJ_
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Table 7 Computational parameter for simulation
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Hol s 93] KCS 2 Al 5Yg 27|12 2d=stnh
ot Azkr F7ke] e AR 71 aEste] BEde] b
Zg 2dlgy 3t 5 Symmetry 7S 283 Th AlEFH 1 HAS
A& ALTEH-L Fig. 3(a) 2t 2o] AP Hol| FaFe mIXA] &
S5 83 HAE Agsi o, o] v 12 Aduke] AolE 7
2443k ootk 7+ G| AAZAL Fig 3(b) Lol YT
A E Y20 Velocity inlet &<, 2774410
0] #Z WMAUYIIEE Pressure outlet S, FAIHS

Symmetry 271 183 e A] R8-S wall 27 % o] &3tk

A EG ol AL HIAANEHE 221 AETo SHS &
o, NSRS 0.03s0]2 F ALHAIZER 90s2 Atk
18] Case-129] B=et HHA2] ¢ Table 394 ZAAH
T AEE olgste 2 ) (8)o] sl AarE FelH
Case-3-2 ITTC 1963 W& 3% 155004 5384 & o]
Btk =3 AfEde] 78S #8l VOF(Volume-of-fluid)
WS o] 83kt

l

2
Oﬁo
o
38

3.3 AXHA

2] AlEE oIS A%t AAAE Star-COM+o| A AlF38h=

Item Proto-type Model Case-1 Case-2 Case-3
Scale ratio 1.0 1/31.6
Speed [m/s] 12.3467 2.1964
Froude number [F,] 0.26 0.26
Reynolds number [, ] 2.400E+9 1.400E+07 1.293E+07 2.378E+07 1.345E+07
Length [m] 230.0 7.2786
Breath [m] 323 1.0190
Depth [m] 19.0 0.6013
Draft [m] 10.8 0.3418
Wetted surface area [m’] 9.498.0 95121
Displacement [m’] 52030.0 1.6490
Block coefficient [ Cjp] 0.6505 0.6505
Density [kg/m’] - - 10263 1018.7 10259
Kinematic Viscosity [m2/ s] - - 1.24952E-6 9.02651E-7 1.18831E-6
Wall(no-slip)  Wall(free slip)

(@) Domain

Fig. 3 Computational domain & boundary condition for simulation

Velocity inlet

Symmetry

(b) Boundary condition
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Fig. 5 Comparison of experiment with simulation

(c) Time history of resistance

Table 8 Comparison of resistance coefficient with experiment for validation

Relative error between EFP

Item EFD CFD-Present CFD-Kim et al. and CFD-Present [%]
Cr 2.83E-03 2.83E-03 2.92E-03 0.00
Cp 0.73E-03 0.74E-03 0.85E-03 1.37
Cr 3.56E-03 3.57E-03 3.77E-03 0.28
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Table 9 Comparison of simulation result with ISO method
CFD ISO
Item
Case-1 Case-2 Case-3 Case-1 Case-2 Case-3
Cp 2.86E-03 2.74E-03 2.84E-03 2.88E-03 2.72E-03 2.85E-03
Cp 743E-04 7.43E-04 7.42E-04 - - -
Cr 3.60E-03 3.48E-03 3.58E-03 - - -
Cp 0.66 -3.45 - 1.05 -4.56 -
Relative
error [%] Cp 0.16 0.16 - - - -
Cr 0.56 -2.80 - - - -
Table 10 Comparison of ISO method based on simulation with ISO method
Tt CFD 1SO Relative error [%]
em
Case-1 Case-2 Case-1 Case-2 Case-1 Case-2
Rm(l - %) 0.03N 0.59N 0.03N 059N 0.00 0.00
0
Cp
Rpé(l C—) 0.44N -2.29N 0.58N -2.9N 31.82 -30.57
£
Rys -0.47N 2.88N -0.61N 3.58N -29.78 2431
R.JR -5.57E-03 341E+02 -7.23E-03 4.24E+02 ) )
AL (-0.56%) (3.41%) (-0.72%) (4.24%)
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Numerical Analysis of
Flow around Propeller Rotating Beneath Free Surface
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ABSTRACT: This paper provides the numerical results of a simulation of the flow around a propeller working beneath the free surface. A finite
volume method is used to solve the unsteady Reynolds averaged Navier-Stokes (URANS) equations, where the wave-making problem is solved
using a volume-of-fluid (VOF) method. The numerical analysis focuses on the propeller wake structure affected by the free surface, where we
consider another free surface boundary condition that treats the free surface as a rigid wall surface. The propeller wake under the effect of these
two free surface conditions shows a reduction in the magnitude of the longitudinal and vertical flow velocities, and its vortical structures strongly
interact with the free surface. The thrust and torque coefficient under the free surface effect decrease about 3.7% and 3.1%, respectively. Finally,
the present numerical results show a reasonable agreement with the available experimental data.
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Fig. 6 Schematic diagram of the numerical flow domain
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Table 1 Comparison of thrust coefficient and torque coefficient

Ky %D 10K, %D
7/D = 25
(w/ free surface) 01330 - 0.327 -
w/ vf/aﬁ :ogﬁdary) 01297 253 0.323 120
7/D = 06 018l 370 - s

(w/ free surface)
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ABSTRACT: A submerged body is sensitive to changes in the roll moment because of the small restoring moment and moment of inertia. Thus,
a method for predicting the roll-related hydrodynamic coefficients is important. This paper describes a deduction method for the hydrodynamic
coefficients based on the results of a coning motion test. A resistance fest, static drift test, and coning motion test were performed to obtain the
coefficients in the towing tank of Seoul National University. The sum of the hydrodynamic force, inertial force, gravity, and buoyancy was
measured in the coning motion test. The hydrodynamic force was deduced by subtracting the inertial force, gravity, and buoyancy from the
measured force. The hydrodynamic coefficients were deduced using the regression method.
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Fig. 4 6-axis waterproof balance

Table 1 Capacity of the waterproof balance

Component Range
Surge force + 18.144 kgf
Sway force + 68.039 kgf
Heave force + 68.039 kgf
Roll moment + 1.383 m-kgf
Pitch moment + 13.825 m-kgf
Yaw moment + 13.825 m-kgf
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Table 3 Control gains of outer-loop

Width [mm] 10

Grain size [mm] 05

Location 5% Lpp aft from the FP
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> 0 Table 4 Relation between nondimensionalized roll rate and motor
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0.5 .
& 6 4 2 0 2 4 6 8 P 0 071 100 152 202 253
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0.2 Motor RPS 0 030 043 065 0.85 1.07
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Z o Table 5 Coning motion test cases
k Towing speed [m/s] 35
e % 2 =2 4 2 2 & & Set-up heel angle [°] 0, 15, 30, 60, 90
S(deg) Coning angle [°] 0,248

Fig. 9 Static drift test results

Roll rate [RPS] 0, 03, 043, 0.65, 0.85, 1.07
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Development of Three Dimensional Fracture Strain Surface in
Average Stress Triaxiaility and Average Normalized Lode Parameter
Domain for Arctic High Tensile Steel:

Part I Theoretical Background and Experimental Studies

Joonmo Chong, Sung-Ju Park’ and Younghun Kim™

‘Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Korea
Departrment of Naval Architecture, Ocean & IT Engineering, Kyungnan University, Changwon, Korea

KEY WORDS: Average stress triaxiality 8+ 8% 4+54], Averge normalized lode parameter 3+ A7 ZE Z2}HE, Fracture strain
surface I+ WEHE HY, Pure shear test 5 AT AF, Sheartension test A% AF, Pure compresion test = 45 A3

ABSTRACT: The stress triaxiality and lode angle are known to be most dominant fracture parameters in ductile materials. This paper proposes a
three-dimensional failure strain surface for a ductile steel, called a low-temperature high-tensile steel (EH36), using average stress triaxiality and
average normalized lode parameter, along with briefly introducing their theoretical background. It is an extension of previous works by Choung et
al. (2011; 2012; 2014a; 2014b) and Choung and Nam (2013), in which a two-dimensional failure strain locus was presented. A series of fests for
specially designed specimens that were expected to fail in the shear mode, shear-tension mode, and compression mode was conducted to develop a
three-dimensional fracture surface covering wide ranges for the two parameters. This paper discusses the test procedures for three different tests in
detail. The tensile force versus stroke data are presented as the results of these tests and will be used for the verification of numerical simulations
and fracture identifications in Part II.

Besson, 2009; Choung, 2009a). 29 GIN(Gurson, Tvergaard
and Needleman)=do]gl &= v|A|Z T /v w
Adul 2 S FESAES) AFEHE R ABMild steel) st B2 &9 7]1EE(Void volume fraction or pososity) = <&
147 (High tensile steel)> EF A4 AZ(Ductile  (Damage)dt HHe] rjFEo® ARSIITE & @5 ErIA(Yield
material)¢] W3l E3teT) o2l A4 A7 s AFLS  potential)o] FIFEC weEh WEHoIH AKA EF A
A # (Macroscopic) &2 44 M| wpx|ut gAleln, wAlz  (Continuum damage mechanics, CDM) FE= wAIA #3 9f
(Microscopic) &2 7]&(Void)e] A (Nucelation)® 44  &&/3d B2 TE2o2 GIN 293 FAR 7dE< 7
(Growth)e] TEAe} @Al 3K Coalescence) &2 Tt AARL E4e AAZA BRNA 7]EFTH(Lemaitre, 1985
(Gurson, 1977; Tvergaard, 1982; Tvergaard and Needleman,  Bonora et al, 2006; Choung, 2009b).
1984; Koplik and Needleman, 1988, Gao and Kim, 2006; Qg ¥ E(Fracture strain) 2@ A4 =

1. M

I

Tz )

rr

Received 8 October 2015, revised 11 November 2015, accepted 17 December 2015
Corresponding author Younghun Kim: +82-55-249-2686, younghun@kyungnam.ac.kr

(© 2015, The Korean Society of Ocean Engineers

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

445



446

AN
1

02

0 (Lode angle)

Deviatoric plane{’

01

Ve o3
Fig. 1 Lode angle on a 7 plane orthogonal to von Mises yield
function.

‘o/]

571 &4 W E(Equivalent plastic strain)©] 5% ¥
of =8¢ 7 Ao spdo] WAL 7t 59
H](Stress triaxiality)7} oV HEES ZAs= F2 AH
S AR/ ol8H o8 A THBao and Wierzbicki, 2004;
Bao, 2005; Choung et al, 2012; Choung and Nam, 2013;
Choung et al, 2014a; Choung et al, 2014b). Fig. 1914 B
uie} o] #zat 32 HH(Deviatoric stress plane) 2] von
Mises®H5 ZRIAS e{shd, 54 Hxl §8 Pl 739
B 5 dEE AR & HA §Y ¥Hs Ase §
g A AYEEeE 58 B2 25 (Lode angle)©]
AR E 2EZto] dd MFES AR T8 IAE F
FE7] AZStAtHBai and Wierzbicki, 2008; Luo and
Wierzbicki, 2010; Lou et al.,, 2012, Bai and Wierzbicki, 2010;
Dunand and Mohr, 2011; Lou and Huh, 2013).

g WY E 2T v B2 3t5 % E(Loading path)
+ &% 7 Z(Stress path) ] F&ell Hlw d vIZA7]
Fod 32 4HE1](Average stress triaxiality) 2} BT 2=
Z}(Average lode angle)®] /N3-S =Yt Yok o] MdS
702 st 1K (Fracture parameter)ol] =3IEEtE 315 7
2 gd W¥E H¥EE HEAIte LA A
(Benzerga et al., 2012). & FZH(Principal angle)©] ¥1-531A] &
= 5% 4-9(ME 3% (Proportional loading)©] 2H-8-3h= 7
PelRt e HEE HHY HEHS FAL F Ao, Ldrky
Q1 Z--(¥141¥ 3k&(Nonproportional loading)®] #-&-3t= 73
Pole gt WP ES WS nefsor doha AU
Hnlg shge] gl gk gte] A+ A= Esta st
7d&o] xFo] sk W= FFL o= AT dAllt
WA S HlEo B3 AT FHHIAT, A S
Fol tsiMe oF e B A7 Y Folth wEtA B
oA dd WEFgE mddd v YA/ ol8d d7 A
27g Zloltk. Choung et al.(2011), Choung et al.(2012),
Choung et al.(2014a), Choung et al.(2014b) ¥ Choung and

o Ay mu o
o EI?L oflt

S
LXN
=

t

39
B

o

N

Aol

i pok AN ofy

=

. B1kA]

e}

A%

o

= .
=

Nam(2013)> =A& 7HA+ &%83 Al (Round bar specimen)
7 33 Al (Flat bar specimen)oll gt 1A A= 5% 3
Mg AAlste] it WFES He 38 Ao e 2d
gk Stk B =82 A8 A7 AN FIHE o2 43
H &F HG AlH(Pure shear specimen), U&-HT AJH
(Shear-tension specimen), =5 4=

specimen)°l] tHg 23

AlE(Pure compression
A As a8t olE g WEE 3
Ho g HHgshs AHe a/fE Aot 32k wg WFE
el AFAY ASS 9l vt =28 7= AlEe AR
sto] I AEE AAlsta, 8 73 84 Z27 Abaqus/
Explicit (Simulia, 2008)& ©]-&3F AR A EFEHS 53 43
Mo 2RE AT St HPE FH 784 ¢ A
oJt.

o:
i

ol

Kl

o

i

[<)
|

tlo

U M

—

3l

O:

2. 0|2 HiE o1

?.

von Mises 57} -3-8(von Mises equivalent stress, q),
-3 (Hydrostatic stress, p)©]
A

A

LR
S8 WFH(, )
i

2]
o
[¢)
BE(e,)7H 28T ST &4 HEE

&4

©)

10k 4 )7 2ol B At
(0,,)5 A7 2= e E s AFE ()71
2 WRE(,,, )2 HEst Tk



SEAE 1] He &Y AEH 9 B At 2= ASEE

q
r= {2 oy ), oy ) ©)
6=1-29 @)
0= [ i, ®)
),

22 M@ o4t

s vpeh o] & =2 ol BRI =& &
MdolEz, B =FdA 7@ 43 9 o8 U8 Al
UM Azt oste] FHHAA A AF(Choung et al., 2011;
Choung et al, 2012; Choung et al, 2014a; Choung et al,
2014b; Choung and Nam, 2013)°] th3 73k A=7F Be s}
o 4, ARl ASEAR 2AlE T BRAIA Az
32| Aukg 1AHHEH36)0ItE. YFH(Base plate)S] T,
=, Aol 27} 25mm>2,880mm>7,000mme] ™, 8. 3}ehd &
< Table 19 YERASATE

Aol A g3 9 BFE BEA A g =X A AlES 7
okl olo tig AF AFE s A= ASIM
(2009 ol A AABHE Al 71EE A4 o, =X F7]9
mE ok HEES dEs] S8t gadd 22 2718 7HA
© $E¥ 5 BEE Aol AREAS. AAe ThE 8
(Rolling direction) 7}& A 2% Transverse direction) 2=
NS 7FEEET ZAS] FA| 25mmE st} Ao w
2} “45(Top layer), T5(Middle layer)el 77 2mme] W33
Aol 7hg Hdth AlEe] B4E Fig 200, AlHe] BA&
Table 20 22} YeR At

HEE AES A7) g A % o
o] FofrelA digte] BAE= e wE
23 o] FYHAT F Wl =2 B Y
T ffste] =AE THAE HER Aol ARSI Rt
A AE AHe] e vl HW Y (Plane stress) dEl ol
THE AoR dgHNen, Y $9 Fus 2E g
o] Wigle] we} 43| WEAd dd M ES Yehina &
4 QITHBai and Wierzbicki, 2008). 3+ Ida Ao 7%
718kt FAgo e A FHA dgo] Y Ths/do]
EraL ddste] Oefet 2AE THAE B8 Al gk A
ol AAE U

ol Aol @G‘OETH %% T
tlole= s 3 7he] e == 2
ok, Z HPoZRE AT e —axowsuess field) 7}

& A mA R
5t7] #lste] Al

].zt]] =

Table 1 Chemical components of EH36.
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EH36 Round T=2mm

| IEHSGFlat

I EH36 Round R-ijml I EH36 Flat T=2mm, R-O.Smml
| EH36 Round Ret.0mm | | EH36 Flat T-2nm, Re1.0mn |
| EH36 Round R-z.omml | EH36 Flat T=2mm, R-2.omn|
| EH36 Round R-4.0mm| | EH36 Flat T=2am, R-M)mnl
[ EH36 Round wesonn | [ EH36 Flat T-2nm, R=s0mn |
I EH36 Round _ Relémm | I EH36 Flat . T=2mm, R=16mm |
W weszam | [ EH36 Flat m
| EH36 Round Regimm | | EH36 Flat T-2nm, Resimn |
| EH36 Round Rersam | | EH36 Flat T=2mm, R=128mm

EH36 Round R=100mm

———————all——————
EH36 Round R=128mm

200mm

(a) Design of specimens
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(b) Photos of round bar specimens (Choung et al., 2011)

(c) Photos of flat bar specimens (Choung and Nam, 2013)

Fig. 2 Round and flat bar specimens
E7(Strain field)E AP O=FE A2 5 W] wEel 43
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Table 2 Labels of round bar- and flat bar- type specimens.

Round bar Flat bar
plmm] Long. Trans.
Long. Trans. Top Mid. Top Mid.
smooth RL-R0000 RT-R0000 FLT-R0000 FLM-R0000 FIT-R0000 RLM-R0000
0.5 RL-R0005 RT-R0005 FLT-R0005 FLM-R0005 FIT-R0005 FITM-R0005
1 RL-R0010 RT-R0010 FLT-R0010 FLM-R0010 FIT-R0010 FIM-R0010
2 RL-R0020 RT-R0020 FLT-R0020 FLM-R0020 FIT-R0020 FIM-R0020
4 RL-R0040 RT-R0040 FLT-R0040 FLM-R0040 FIT-R0040 FITM-R0040
8 RL-R0080 RT-R0080 FLT-R0080 FLM-R0080 FTT-R0080 FITM-R0080
16 RL-R0160 RT-R0160 FLT-R0160 FLM-R0160 FTT-R0160 FTM-R0160
32 RL-R0320 RT-R0320 FLT-R0320 FLM-R0320 FTT-R0320 FTM-R0320
64 RL-R0640 RT-R0640 FLT-R0640 FLM-R0640 FIT-R0640 FIM-R0640
75 RL-R0750 RT-R0750 n/a n/a n/a n/a
100 RL-R1000 RT-R1000 n/a n/a n/a n/a
128 RL-R1280 RTR1280 FLT-R1280 FLM-R1280 FIT-R1280 FIM-R1280

—_—

(@) Round bar specimen

(b) Flat bar specimen

A HEERS 7T

Fig. 3 Round and flat bar specimens.
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13

(d) Shear specimen geometry (Peirs et al., 2011)
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Development of Three-Dimensional Fracture Strain Surface in
Average Stress Triaxiaility and Average Normalized Lode Parameter
Domain for Arctic High Tensile Steel:

Part II Formulation of Fracture Strain Surface

Joonmo Chong, Sung-Ju Park’ and Younghun Kim™

‘Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Korea
Departrment of Naval Architecture, Ocean & IT Engineering, Kyungnan University, Changwon, Korea

KEY WORDS: Average stress triaxiality 3+ &8 44|, Averge normalized lode parameter 3+ A7 2E I}2}W|E, Fracture strain
surface 3= WEE W, Uniuform true stress 7 F $8, Corrected true stress &4 2 ¢

ABSTRACT: An extended study was conducted on the fracture criterion by Choung et al. (2011; 2012) and Choung and Nam (2013), and the
results are presented in two parts. The theoretical background of the fracture and the results of new experimental studies were reported in Part I,
and three-dimensional fracture surface formulations and verifications are reported in Part II. How the corrected true stress can be processed from
the extrapolated true stress is first introduced. Numerical simulations using the corrected true stress were conducted for pure shear, shear-tension,
and pure compression tests. The numerical results perfectly coincided with test results, except for the pure shear simulations, where volume
locking appeared to prevent a load reduction. The average stress triaxialities, average normalized lode parameters, and equivalent plastic strain at
fracture initiation were extracted from numerical simulations to formulate a new three-dimensional fracture strain surface. A series of extra tests
with asymmetric notch specimens was performed to check the validity of the newly developed fracture strain surface. Then, a new user-subroutine
was developed to calculate and transfer the two fracture parameters to commercial finite element code. Simulation results based on the
user-subroutine were in good agreement with the fest results.
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Fig. 8 Asymmetric notch bar specimens.

Table 1 Labels of asymmetric bar specimens.

Notch fadius [mm] Top layer Middle layer
05 ALT-R0005 ALM-R0005
1.0 ALT-R0010 ALM-R0010
20 ALT-R0020 ALM-R0020
40 ALT-R0040 ALM-R0040
8.0 ALT-R0080 ATLM-R0080
16.0 ALT-R0160 ALM-R0160
320 ALT-R0320 ALM-R0320
64.0 ALT-R0640 ALM-R0640
128.0 ALT-R1280 ALM-R1280
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Fig. 10 Comparison of engineering stress versus strain curves of asymmetric notch specimens.
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Table 2 Comparison of engineering fracture strains for asymmetric

notch specimens.

Labels e; (Simulation) e, (Test) error [%]
ALT-R1280 0.1470 0.1487 1.1166
ALT-R0640 0.1260 0.1357 7.1550
ALT-R0320 0.1075 0.1194 9.9665
ALT-R0160 0.0935 0.1018 8.1803
ALT-R0080 0.0787 0.0854 7.8844
ALT-R0040 0.0800 0.0726 10.2536
ALT-R0020 0.0570 0.0589 3.1929
ALT-R0010 0.0500 0.0558 10.4103
ALT-R0005 0.0380 0.0378 0.4228
ALM-R1280 0.1500 0.1493 0.4621
ALM-R0640 0.1325 0.131 1.1296
ALM-R0320 0.1185 0.1189 0.3697
ALM-R0160 0.1050 0.0971 8.1694
ALM-R0080 0.0900 0.0882 2.0408
ALM-R0040 0.0820 0.0751 8.4146
ALM-R0020 0.0700 0.0682 4.2442
ALM-R0010 0.0565 0.0575 1.6707
ALM-R0005 0.0494 0.0495 0.2021
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Fatigue Analysis of 306K Crude Oil Tanker Based on MSC Fatigue
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ABSTRACT: Fatigue in the metal used as hull material has always been an important issue. The fatigue phenomenongenerally occurs suddenly
in a ship hull, and always causesa large number of casualties and economic losses. This paper presents a study of an assessment method for the
fatigue life based on Li’s approach using MSC Fatigue. The details of Li’s approach based on MSC Fatigue are provided. Based on the results of
this study, it can be concluded that Li’s approach has several advantages: (1) it allows the wide application of different structural details, (2) is
easy to use, and (3) provides accurate results. Finally, Li’s approach can be proven to be feasible for a ship’s fatigue analysis.

1. Introduction

Fatigue study requires an advanced and combined synthetic
analysis of the macro- and micro-circumstances. Because of
the distinctiveness of fatigue analysis, there are many factors,
including the material properties, environmental factors, and
welding characteristics. There is also great uncertainty in the
coefficients during the calculation or assessment process.
Moreover,there are so many uncertain factors in an actual
situation that fatigue analysis mainly focuses on the study of
the certainty derived from a fatigue analysis method, which
requires a combination of practical experiments to verify the
known methods. The development of computer technology
has opened up a new research direction involving rapid
methods of fatigue analysis using computer simulations based
on the mainstream deterministic method (Yang and Kim,
2012).

Generally, the fatigue failure process can be divided into
three stages: the initiation of cracks, stable growth of cracks,
and fracture (Cramer et al., 1995). There are also different
reasons for fatigue failure and the destruction of the total or
local intensity. The former is caused by alternating stresses,
particularly the amplitudes of the alternating stresses, and the
breakage is a gradual accumulation process. However, the
latter is induced by an amplitude with an extreme value,
which causes a sudden destruction (Mao, 2009; Fricke, 2003;

Sarkani et al., 2001).

Fatigue analysis may be carried out using methods based
on a fatigue test (S-N data) and the estimation of cumulative
damage (Palmgren-Minner rule). In a case where the loading
or geometry of the considered part is too complex, Li's
approach (Li and Zhao, 2013) has been proposed based on
MSC Fatigue. In this paper, Li's approach is utilized by
taking a 306K crude oil tanker as an example, and the results
may indicate that it is feasible to estimate the fatigue life of a
ship.

2. Theory of fatigue assessment

2.1 Basic theory of Li's approach

Fatigue analysis may be carried out using methods based
on a fatigue test (S-N data) and the estimation of cumulative
damage (Palmgren-Minner rule). The long term stress range
distribution is a fundamental requirement for fatigue.

The fatigue assessment of Li's approach is based on a finite
element (FE) model, which should consider the influence of
corrosion. The total corrosion addition ¢,

corr

for structural

members is found as follows:

was T 0.5 mm

=1

corr

@

where t

‘was

is the total wastage allowance of considered
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Fig. 1 Basic phases of Li's approach

structural member.

For ships, the basic loading conditions are a full load
condition and ballast condition. In the theory mentioned
above, in order to estimate the fatigue life of a ship, it is first
necessary to calculate the alternating stresses for each loading
condition. Second, the time-stress history should be obtained
through a simulation of the approximate operating states in
waves. Then, the damage value can be calculated using the
correct S-N curve by MSC Fatigue. Finally, the fatigue life is
calculated using the damage value and time-stress histories in

Li's approach. The basic phases are shown in Fig. 1.

2.2 S-N curve and cumulative damage

Accordingto the common IACS rules (2006), the assessment
of the fatigue strength of a welded structural members
includes the following 3 phases:

(1) Calculation of stress ranges
(2) Selection of design S-N curve

(3) Calculation of the cumulative damage

The capacity of a welded steel joints with respect to its
fatigue strength is characterized by S-N curves, which give
the relationship between the stress ranges applied to a given
detail and the number of constant amplitude load cycles to
failure (DNV, 2003). The basic designed S-N curves are

1000

s

D
— E
SN ¢
_ N >
5 S R =~ W
= \:\_:\\\\\ N
< \\~:~\\\\\\ I
0 ‘\\\\ N T~
£ 100
] ] =
» H N
] H Sngy!
& ~J NN
NSNS
i
—

1.00E+05 1.00E+06

N
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1.00E+04 1.00E+07 1.00E+08

Fig. 2 Basic design S-N curves, in-air

shown in Fig. 2.

We assumethat the long-term distribution of stress ranges
fit a two-parameter Weibull probability distribution, and the
fatigue assessment of the structure is based on the application
of the Palmgren-Miner cumulative damage rule (DNV, 2003).

The cumulative fatigue damage ratio, DM, should be less
than one for the design life of the ship. The design life is not
to be less than 25 years. The resultant cumulative damage

can be found as follows:
)}
DM=X;_ DM “)

DM, cumulative fatigue damage ratio for the applicable
loading condition

i =1 for full load condition
= 2 for normal ballast condition

The cumulative fatigue damage ratio, DM, may be converted
to a calculated fatigue life using the relationshipgiven below:
Designlife

Fatiguelife= o vears ©)]

2.3 Design pressure for fatigue analysis

Generally, fatigue analyses are performed for representative
loading conditions according to the ship’s intended operation
(TIAGS, 2006). The following two loading conditions should be
examined:

(1)Full load condition at design draught at departure
(2) Ballast condition at normal ballast draught at departure

The load components that should be considered are the
static pressures due to loading conditions, dynamic wave
pressure P, and dynamic tank pressure 7. The rule
expressions are adjusted for an excess probability of 10™ per
wave cycle. In general, the fatigue damage should be
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Fig. 4 Dynamic tank pressure due to transverse acceleration

calculated for all representative load conditions combined
with the expected operation time under each of the
considered conditions.

The distribution of the dynamic wave pressures P, is
shown in Fig. 3 based on the common structural rules.
P.

iy’

The dynamic tank pressures 7,

- and P, resulting
from the longitudinal, transverse, and vertical accelerations,

respectively, can be calculated. They are found as follows:

p.= pav(z[] —z) (6)
By= fou Py () @)
p,= fuu*zng/’“zng(% —x) ®)

For example, Fig. 4 shows the dynamic tank pressure due

to the transverse acceleration.

2.4 Calculation of pressure cycles

Because the motions of a ship are very complex during
actual operations, it is difficult to predict the dynamic
pressure amplitude outside the ship and thus inside the tanks
(including cargo tanks and ballast tanks) using a reasonable
method.

In order to approximately characterize the time-stress
histories under different operating conditions of a ship, a
tank’s transverse movement cycle 7, and longitudinal
movement cycle 7, can be calculated using the following

formulas:

7 = ©)
L= (10
gtanh(—2L)

The main parameters are shown in Fig. 5.

o>
i 2

h, 1 -
f by |

Yu

b
h, dk(y\b

Fig. 5 Geometric parameters of tank

3. Tanker’s characteristics

The principal dimensions and some of the basic data of a
306K ton crude oil tanker are presented in Table 1.

Table 1 Principle dimensions of target ship

Items Symbol Value
Length Lo, 332.00 m
Length Lyp 320.00 m
Depth D 31.00 m
Draft T 20.80/10.20 m

Breadth B 58.00 m
Service speed |24 16.00 knot
Block coefficient Cy 0.829/0.764
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Fig. 6 Mid-section of tanker

Fig. 7 General arrangement profile & considered section (from
frame 75 to frame 95)

The typical mid-section of the 306K ton crude tanker is
shown in Fig. 6.

The general arrangement profile and considered FE model
as shown in Fig. 7. The FE model of the middle body
includes 20 frames. This paperconsiders this part of the ship.

According to common structural rules, the model extent to
be considered is 1/2+1+1/2 tanks.

Fig. 8 Half FE model of considered section

4. Calculation and analysis

4.1 Load cases

Fatigue analyses are carried out for representative loading
conditions according to the ship’s intended operation. The
following two loading conditions are examined:

(1) Full load condition at design draught
(2) Normal ballast condition

The load cases are shown in Fig. 9.

MU0

R

Fig. 9 Load cases for full load and ballast conditions

4.2 Boundary condition

The boundary conditions used in Li's approach are the
same as those used in a structural strength assessment. All of
the boundary conditions are applied at the ends of the cargo
tank FE model. These are listed in Table 2.

Table 2 Boundary constraints at model ends

Translation Rotation
0, 0 0. [4 [4 0

T Y z T Y z

Aft End

Location

Aft end (all
longitudinal elements)

Independent point  Fix - - -

Deck, inner bottom
and outer shell
Side, inner skin and
longitudinal - -

bulkheads

- Springs - - - -

Springs - - -

Fore end (all

longitudinal elements) ) ) - RLORL

Independent point - - - - Moar Mien

Deck, inner bottom
and outer shell

Side, inner skin and
longitudinal - -
bulkheads

Vp)
3
5

1

1
1
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Ground spring elements with stiffness in global Y and Z
degrees of freedom are applied on the grid points along the
structures.

4.3 Stress concentration position

By adding the load cases and boundary conditions, the
basic structural strength analysis can be done by MSC.
Nastran. The stress concentration position would be found
through this analysis.

The details of the concentration position in Fig. 11 and the
geometry are listed in Table 3.

Patran 2011 64-Bit 28-Apr-16 17:1962
Fringe: Default, A1 :Static Subcase, Stress Tensor. . von Mises, AtZ2

1.60+00:
1.41+00;
1.31400:
1.21+00:
1.12+00;
1.02+00;
9.25+001
8.29+001
7.82+001
6.36+001
6.39+001
4.43+001]
8.46+001
2.49+001

1534001

5.64+00¢
default_Fringe

Max 1.60+002 @Nd 62619
Min §.64+000 @Nd 63042

Fig. 10 Stress result for concentration position

Lower hopper

Inner bottom

Side keelson

-

Y e
[, ZARaTmure

Fig. 11 Details of concentration position

Table 3 Geometry of considered position

Ttem Value [mm]

Height of water side keelson

3000
Height of frame
Thickness of lower hopper "
Thickness of frame
Thickness of water side keelson 15
Thickness of inner bottom 21

4.4 Fatigue analysis

The detail model should be fine meshed in order to obtain
more accurate results. This fine mesh FE model is depicted in
Fig. 12, and the corrosion thickness is obtained using the fine
mesh model.

The pressure described in the front may be combined in
MSC Fatigue. For example, the combined static and dynamic
external pressure at position Y=29m, Z=0 for the full load

Fig. 12 Fine mesh model details

DISPLAY OF sine01

101 points.

0.4y
100 pts/secon

Displayed:
101 points.

from pt 1

Full file data:

Max = 0.364
at 0.24 seconds
Min = 0.054

at 0.74 seconds

Pressure (MPa)
T

Mean = 0.2091

S.D. = 0.1096

[o] L L L L ) RMS = 0.2358

0 Time (seconds) 1

Max=0.364, min=0.054, time=17.698 sec.

Fig. 13 Combined pressure at position ¥ =29 m, Z = 0 for full
load condition
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Fig. 15 Fatigue damage of fine mesh model

condition is shown in Fig. 13, and the Class D S-N curve is
shown in Fig. 14.

At the same time, in order to meet the fatigue strength
security requirement, the certainty of survival is taken to be
96%. The fatigue assessment results are shown in Fig. 15.

For the full load condition, the fatigue damage is found to
be 2.716285x10° according to the results, which are listed in
Table 4.

Table 4 Results from fine mesh model

Items Full 'lc?ad Ball.a.st
condition condition
Damage per cycle 2.7163x10° 1.6541x10°
Period per cycle 17.698 s 13721 s
Part of time 0.425 0.425
Cycles per year 7.5731x10° 9.7681x10°
Part of damage per year 2.0571x10? 1.6158x10”
Part damage of 25 years 0.5143 0.4039

The total fatigue life can be calculated as follows:

Ty = 25/DM= 27.227years

In order to verify the feasibility of Li's approach, the two
methods recorded in the common structural rules were also
used, namely the nominal stress method and hot spot stress
method. A comparison of the results is shown in Table 5.

Table 5 Comparisons of results of other methods

Items faﬁgi:kililfl:tgiears] Difference
Nominal stress method 29415 4.60%
Hot spot stress method 28.121 0
Li’s approach 27.227 -3.18%

5. Conclusions

In the past, fatigue has been studied by various
classification societies and institutions. On the basis of
common structural rules, the initial fatigue strength check
specification was based on an empirical formula. However,
these deterministic fatigue verification methods have many
disadvantages, including computational complexity and result
uncertainty.

Li’s approach using an FE method based on MSC Fatigue
has been shown to be a useful method for fatigue
assessment. It can be used for other concentration positions
or to compare the results from other fatigue assessment
methods.

In the above analysis, the basic results of a fatigue analysis
of the target ship were obtained. In particular, because there
are various methods for performing a fatigue assessment, it is
necessary to perform a comparison between them by
and then making a

comparison with simulation results in the next study.

investigating an actual structure,

References

Yang, P.D.C, Kim, M.-K,, 2012. Modfied S-N Curve Method
to Estimate Fatigue Life of Welded Joints. Journal of
Ocean Engineering and Technology, 26(2), 26-32.

Cramer, EH., Loseth, R., Olaisen, K., 1995. Fatigue Assessment
of Ship Structures. Marine Structures, 8(4), 359-383.

Mao, W., 2009. Random Fatigue Analysis of Container Ship
Structures. Chalmers University of Technology and
University of Gothenbur, Sweden, 1-13.

Fricke, W., 2003. Fatigue Analysis of Welded Joint: State of



Fatigue Analysis of 306K Crude Oil Tanker Based on MSC Fatigue 469

Develop. Marine Structures, 16(3), 186-200.
Sarkani, S., Michaelov, G., Kihl, D.P., 2001. Stochastic Fatigue

Damage Accumulation in a T-welded Joint According for

the Residual Stress Fields.

Fatigue, 23(1), 71-78.
Li, T,Zhao, Z.Y., 2013. Research on Fatigue Life of Portal

Crane

Structure based on MSC. Fatigue.

International Journal of

Wuhan

University of Technology, China, Chapter 4, 39-66.
International Association of Classification Societies (IACS),
2006. Common Structural Rules for Double Hull Oil
Tankers. Section 7.3, 1-22, Appendix C.1, 1-37, C.2, 1-9.
Det Norske Veritas (DNV), 2003. Fatigue Assessment of Ship
Structures. Classification Notes 30.7), 8-11.



e

=3 oF 383 2] A29A A6E, pp 470-474, 20153 12¥ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

(Original Research Article ] Journal of Ocean Engineering and Technology 29(6), 470-474 December, 2015
http:/ /dx.doi.org/10.5574/KSOE.2015.29.6.470

F2AYS B NN 224§ A o] Al BI AT

)

WA - 2E5A - WY

Study on Performance Evaluation of Subsea Waterjet Trenching
Machine Using Water Tank
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ZAAE, Trenching speed 44 E

ABSTRACT: The demand for subsea cables and pipelines that transfer marine energy resources onshore has recently increased. Laying these
underground after trenching is one engineering method to stabilize exposed subsea cables and pipelines. This experimental study found the
optimum conditions for operating two types of waterjet arms mounted on an ROV trencher. A waterjet arm for trenching the seabed was scaled
down at a ratio of 1:6, and a comparative analysis was conducted using diverse parameters. The results of this research provide a practical
fundamental database to assist in making decisions about the ROV trencher performance in advance.
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z5 24XS9 BMS Ealo Zahg YEA Ao A5E
o Hlm - AESA.
2. AlE g

2.1 MBS 2A8H SN & 2

Aol AT ABA e WA 1/62 Fa AR
oul, A4 AYBAL TF 5 Y serleEe s15e
Hl-2 Table 191 Aelsteinh, Agel AguE Pze 24
MM R PALHE UEl e 9B YEA Ao 2

Table 1 Scale effect

Equivalent value of

Quantity Model Prototype the scale
L
Trench depth L, I, L_P: SF= 6
Q L’V
Flow rate B I I
v @ % v,
b, W
Water pressure Do P, p_P = 72’ = SF
P pQ
i I B s
Jetting power P, P, FR) SF
Progress rate of
trencher or Water Vv gL
. V. 174 _r »o_ 5
velocity through m » v 9L, SF°

nozzle

Fig. 1 Jetting arm mounted on ROV trencher (Pharos, 2013)

2hsEe FHeke T8 Aotk I2v AAl ROV
(Remotely operated vehicle) EFNHE 7]E2 2 Table 17 2
o] HEHFS F4AE AF AA HHE FEAE F A
Haghe] AdYFRG 22 gro] AEHEE RIPLIL AP

ZE T BAREEE st o]d Fetehs Ao A
& AHESFATHKIm, 2006).

ROV7IRE 25 AR18 25:9] & T/l ROV EdlA = 2
a|AAlE Bl &7 dolZelle] wjAdd fARS FYe
TP ARl A o] =24 2})2 ROV bkl
L] AEAL ol Fddrell o3 W euA =2 4
o]-g3te] A HE AL AolE Y dolzEls wjA
SHoh(Li et al, 2014). Fig. 12> AR o] A2k [y 2] ROV
Edlx o] Bgo|th

Fig. 2= A3l AR&sl7] ffsl AAl 2719 1/60= S4 A
ZH SR HEA 2471 YERd Aotk (a)= AW,
(b= Majo|zg B =F A= Type I 7 Typel & gtk
Type I & ZHF =Z(Forward-firing water jet nozzles)}

¢

o

<«— Jetting head )
<« Jetting head

Back wash

f

Forward-firing 1

Downward-firing
waterjet

waterjet

(@) Type I (b) Typell

Fig. 2 Model of experiment
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Fig. 3 Experiment setup

o . SAE - 0 - A

ot

g=i

Table 2 Specification of equipment

Material of Sand N Velocity of
. . Direction of . .
trenching diameter movement  [oWing carriage
machine [em] [m/s]
Stainless 0.012 A—B 0.11~0.33

BAle] BEYAT e Aggule) 54
SR

< Table 29} o] A

23 &9 uj=folE

Table 33 o] FU3 F4E= Bl FAMTE oM 273
of e Al 1 ERel wEE AYe Fasle FAIET)
7P 2 Aas vehl A0 =5 Typel o] &2 A3}
Atk olgk o] dAgE =E& HEF Typel o =S
A5387] 918t Table 49t 2o FAt&met BAMHTES et

EE Fth TypellE 34m’/he] 5UF EAMHTES 714
W SRS BAAES W5E Fo BAIES veksign
Table 3 Nozzle variation of Type I

Variable Nozzle Trenching  Nozzle
Flow rate . .
degree [m/h] velocity diameter

Type [] [m/s] [mm]

3
[ 60 42 0.11 4
5

Table 4 Experiment condition for Type I and Typell

Trenching velocity =~ Flow rate  Nozzle degree

Type

[m/s] [m’/h] [l
3.0
34
0.11
38
42
3.0
34
I 0.22 90
38
42
30
34
033
38
42
60
0.11
75
60
i 0.22 34
75
0.33 %0
75
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Cr-free Coating Solution for Degraded STS316L
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ABSTRACT: In this study, we developed a Cr-free organic/inorganic hybrid solution and investigated its coating properties on degraded
STS316L. Both the OIBD-1 solution and OIBD-2 solution had excellent corrosion resistance and adhesion ability. However, the solution had some
problems in a boiling water environment. In addition, the flexibility was excellent, and the scratch resistance was relatively good.
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2.1 AlgH

AMEEE AlsE AREL e 74 Imme] STS316L0]H,
Table 1] 3}88&-S UeRATh Fig. 10 UYehl= 95 &5
AgHe Z7]= KS D 9502 749 60x80mm Xt} ¢kgk &
70x90mmeo|th. o)A L 7pAe] Fite|A] F2lo] AlREE A
< WAB] st Heol® AE] 9% Aotk WA,
STS316L AlZ BAl F2 =g A gx)A(F9 F4d,
CW-ISC/D, Z=Ee] AlZAl, CW-1020)5 AH&3t A A3Sk,
o|aZZRGo|A SR 253 AHFT, PRt 8
AEH-e g3l o3t WA e Hrstr] Hsted, 480~72
0C oA 60T HAL 2, 7 2ZollA 4X3t dslste] 349
3T

FH-L HkEE 35 (FE T : 6.86m)E AHE-SHI2H, 200
TollA 8023t A3 AT olwf Z3tH OIBD-13% OIBD-2 3
Hutel FA= 5 T x ZRY nPE O R ALKSHA oF
11md =Eo|th

A8 sEAe =l FAAR 2 e
} =
TEAE S, B 2 o FA FAS AHES

Table 1 Chemical compositions of STS316L [wt.%]

C Si Mn P S Cr Ni Mo N

0.021 038 083 0.021 0.001 1678 10.02 2.04 0.05

80

Fig. 1 Dimensions of specimen for salt spray test (unit : mm)

Table 2 Coating solution [wt.%]

OIBD-1 OIBD-2
Urethane resin 13 7
Si polysilicate 7
melamine resin 2 5
Epoxy resin - 6

gom, si ZATACIES EFtste], /57 stolHPE &
BS A Z3EHUTE Table 2= Si7)7b 34E OBD-18H 3}
OIBD-2-8-4¢] A& Uepith

2.3 gTEFAY

FEE STS316L°] W44 H7Hs H4-2-5A187](ATS-SSTI00,
AT system Co. Ltd))E AH8-3te] AABHITE KS D 950201 23}
o S AW o] 45°7]&01x Aol Ax|s}al, F5-2le
25w B2 CTE {FAEIAA $4 A58 2538t AgS AA
SATE AFHE 2447 A0 2 FEER o n, 12047 F3F
AASATE AlFHe] WA Wrbke 29T ARICE 27] §2
o] AYAIZII Fa o] Mg o] Yol(FA HAE) R Adstd
o} 4 AxEL RiEFolHos Tt Fig 28 dFEF

Aol SE=o|th

Jot

2.4 TFEL 2RY AY

STS316L EHe] FHEF Rapg2 dukd o2 AREE T Q= |
o3& ARESITE AP 3} 7+o] 10x10mm
o] Ao 1mm Ao 2 A& X3 3M Ho|ZE £t} Woju)
Rs wf, IR vl EA RS HIFSIHTHASTM,
2009).

Ultrasonic cleaning
(Isopropanol, 5 min)

|

Heat treatment
(480, 540, 600, 660, 720 C at 4 hours

|

Solution coating
(Bar coater, No.3)

|
Hardening (80 sec at 200 C)
|
’ Air cooling ‘
|
’ Taping of specimen edge ‘

|
’ Salt spray test (120 hours) ‘

Fig. 2 Flow chart of salt spray test
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25 LHHISTH Al

ko] Ynles4 Al STS316L EHo) OIBD-14-< 3}
OIBD-28 & FHsto] F= 2o 1413 Bt A7 & A4
ol & Adstal, 2 FejlA £rpo s 308 4
®He] Hsts AEEh

26 LIZ=H A"

FEuto] YEFFAS OIBD-1893 OIBD-289-S =B
STS316L-S 180°%3] 4], T8 FHel Io|u} wkg] 5o Ay
= BEsITh

27 FE Ny AlE

=8 A Hrhe el A" A= AE7I(No.221D,
Yoshimitsu) S AHE-3te] KS D 352090 2143t 2Alst9ith 42
& v ZHA] AFo R, FHS TR 45°F o] 98N sheo R
Ao g2 Wojx] R Filo] sk e AddS kst
Atk o] wf 2~4% TRk O F O 10mm AT E TUT HEE
ol st shute] Aol tisto] 5314 AlFsto] 33] o) &
ol WAYEHA| ghom, A3 o] AEE FAshs 2oz
Atk

w
My
EJ

&

|.EL

31 ArEFAIY

Fig. 32 120413 5%t A&7 Ade =24 3 720C <43
Ao A3E yepdt I3elA e 28 A, b=

OIBD-189 ZEAAH, ()= OIBD-28< FEIA|FHo|T) H

477

Atk 12 OIBD-1
A g9rort, OIBD-2
Fri=d

Fig. 4= F38¥ A9¥, OIBD-1-49 IZ8AEH 9 OIBD-2
£ FRAEHS FAHAEY AFLEFALAe] FHAE U
ERd Zlolth (@), (b) 2 (ool BEAlE F2lo] Ak &8k
7] W&ol JeERA] edsdt) (a)= F-ZEAIEHS BAudE
< e Ao|th. (a)llA d3slemrt @ 480T+ F-2lo] A
o] AgEtA] Fort, 540CH 600TCE FAHAE| 252
2 Z7kka Atk 1207 A A2 A Eo] 50%2 80%E
YeERSIEE. 38 660°CH 720CE 20417 oA B2l H 2 Eo] 7
9] 70~80% 2 JERN L, 120417 04 A AZ o) Fao] wAYsL
Ath (b= OIBD-189 IRAPHS BFAAAES YEPA A
o2, o gslemoAE o] AR dgith (oF
OIBD-2&¢ FIRAPHS FAWAES Yehd  Zojth
OIBD-28-% FERAFHLE FU3tA 720C F3FAFH ] 1204]
Zrel A Falo] ozt WAl oF 4% 9] FAHHES UERL
o weba B Aol AMSE 28R FE AL Yalado] 5
stk fdkEch

d71eF 2ol % UAAS UEillE olf = thed 2t
(Seo et al, 2010(a)). Si71E H7}3+ f/%-7] dtolHY= g
-2 e RSl st i ZFAEACIE §Hg Tt
£ & Utk 2% GFAIEE Me(ORnS.Z UERH, 4] (1)
o] ¥k-g-3} o] ZhrEafsted, AdE Me(OH)n &4 Foll A

&
&

°C As-received 720 As-received

720 As-received

120

(a) Non-coating

(b) OIBD-1 solution coating

(c) OIBD-2 solution coating

Fig. 3 Typical results of salt spray test using as-received specimen and degraded specimen (720 C)
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4 Q9 o] whg,

Me(OR)n + nH20 — Me(OH)n +nROH )

21 (MollA Me: Si, Ti, Al, Ba 59 3<%, RS CHs, GHs,
GH; 59 €27, n& 359 41845 Yepith & dgolA
= 5iE Arpelgens,

Si(OH)n — SiOn/2 + n/2 HO @
Si(OHn2 2 (2)01] 9] 5} %43}01 £ ZFo S5i-0-5i-O-
o] Agto] ¥4 v HA7E A EH A, o

z?oﬂ AR Sctel 33

32324 A

Fig. 5+ Fig. 19 UYeli=e] 222 23 &
£ st ] AgE 23E yEhit
OIBD-1-8-} OIBD-2-8-<el| 2Jek I&u2 &
1A goromz FElolo] BAA L 9431} Seo et al(2010c)
o A7AIlA w7t BT S700R T - RS U
ERith

33 LHISTY A"

Fig. 6= M54 Alde 27E Yehdnh 1389 A4S
EAFol 9%t IR tﬂfﬂr EAEG T Z8E AEE 14
BN B BA 5, B, 7, AR T Wge ¢l
AT} o)A fellA ’étﬁ?& A7 2ol xUgt gjute] YA
7] w&olth ey —’Eﬂ@kOE 303 A& 3?—9] AR
OIBD-18-9 3 OIBD-24 =% Wiy dojds F<lslgith
e TEAFR = FElHol =7} 140T ﬂﬁowi 10
0Ce] HlEFAdA AstE 7] dfZolth o]z o= OIBD-189

1 mm

——

(a) OIBD-1 solution

(b) OIBD-2 solution
Fig. 5 Results of cross cut test.

(@) OIBD-1 solution

(b) OIBD-2 solution

Fig. 6 Results of boiling water resistance test (Solid line : Surface
variation portion by rubbing)
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(a) OIBD-1 solution (b) OIBD-2 solution

Fig. 7 Results of flexibility

Table 3 Results of scratch resistance by OIBD-1 solution coating

Pencil type
4B B F H 3H 4H
1 o o o o X X
2 o o o o X o
3 o o o X o X
4 o o o X o X
5 o o o o o o

Table 4 Results of scratch resistance by OIBD-2 solution coating

Pencil type
4B B F H 3H 4H
1 o o o o o X
2 o o o o X X
3 o o o o o o
4 o o o o X o
5 o o o o o o

N
N
r

S5t 0‘9#3% Al el /Iﬂ i
24, Wlsrd, W48 2 J3
A 5 IZRN WSS HrFsHATh
(1) €3}% STSB16L ZH S OIBD-18H 7} OIBD-2-894-2
214E et
goo R, YHlIETFA, =34 2 H53 A
& 545 YIS v A dEd
WnelE 9 Tﬂ% AFL ZAE A=) otk
FE5F &Y F Si-05-0-9] A
2 Ak wlw}ﬂ A= T, AFsE mgAprE A= o]
3} Foll Ad3k vue] FAHH7) o] ¢
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Effects of Heat Input and Preheat/interpass Temperature on Strength and
Impact Toughness of Multipass Welded Low Alloy Steel Weld Metal

Kook-soo Bang, Ho-shin Jung and Chan Park”

‘Department of Advanced Materials System Engineering, Pukyong National University, Busan, Korea
Department of Materials Science and Engineering, Pukyong National University, Busan, Korea

KEY WORDS: Strength 735, Toughness ¢14d, Heat input %} 9%, Preheat/interpass temperature ¢ g/3j2=7F %

ABSTRACT: The effects of the heat input and preheat/interpass temperatures on the tensile strength and impact toughness of multipass welded
weld metal were investigated and interpreted in terms of the recovery of the alloying elements and microstructure. Increases in both the heat input
and preheat/interpass temperatures decreased the tensile strength of the weld metal. A lower recovery of alloying elements, especially Mn and Si,
and smaller area fraction of acicular ferrite in the weld metal were observed in higher heat input welding, resulting in a lower tensile strength. In
contrast, only a microstructure difference was observed at a higher preheat/interpass temperature. The impact toughness of the weld metal
gradually increased with an increase in the heat input because of the lower tensile strength. However, it decreased again when the heat input was
larger than 45 kj/cm because of the much smaller area fraction of acicular ferrite. No effect of the preheat/interpass temperature on the impact
toughness was observed. The formation of a weld metal heat-affect zone showed little effect on the impact toughness of the weld metal in this

experiment.
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o= mE §HFE AAH 44e ZHT FHE Table

Chemical composition [wt%]

Wire/plate
Si Mn Cr Ni Mo Al Nb Ti B
Wire 0.075 0.51 2.39 - 0.80 - 0.30 - 2.07 0.0099
Base plate 0.037 0.14 1.50 0.197 0.21 0.069 0.04 0.039 0.02 -
Table 2 Welding conditions and joint configuration
Welding conditions
Weld Speed Heat i t  Preheat/int Pass Joint configuration
metal pee eat inpu reheat/interpass | iber
Current [A] - Voltage [V] [cm/min] [KJ/cm] temperature [C]
1 367 32 35 20 100 6
2 360 34 35 21 200 6
3 377 41 32 29 100 5 —
4 381 41 32 29 200 5 191 {
5 417 42 26 41 100 3 —— , =
6 412 42 26 40 200 3 .
unit : mm
7 428 43 24 46 100 3
8 421 43 24 45 200 3
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Table 3 Mechanical properties and chemical compositions of weld metals
Weld Mechanical properties Chemical composition [wt%]
e
TS YS El vE ° . ) )
metal MPa]  [MPa] %] 0l C Si Mn Ni Al Ti B
1 664 600 26 109.2 0.049 0.49 1.69 0.70 0.03 0.046 0.0034
2 626 561 28 116.1 0.050 051 1.62 0.77 0.03 0.045 0.0031
3 599 533 27 110.1 0.044 0.40 1.42 0.76 0.02 0.035 0.0026
4 586 514 30 1234 0.045 0.40 1.50 0.73 0.02 0.033 0.0024
5 588 506 28 146.0 0.046 0.41 142 0.73 0.02 0032 00023
6 550 452 30 150.2 0.046 0.40 1.44 0.77 0.02 0.030 0.0023
7 573 488 29 1234 0.046 0.39 138 0.78 0.02 0.028 0.0022
8 560 463 29 124.3 0.054 0.37 135 0.76 0.02 0.026 0.0022
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Fig. 4 Typical microstructures of (a) weld metal and (b) acicular ferrite
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| notch location |

WM-HAZ:  as-welded 8 WM-HAZ 3 as-welded
Fig, 7 Typical microstructures at notch location in impact test
specimen
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Dynamic Modeling of Autonomous Underwater Vehicle for
Underwater Surveillance and Parameter Tuning with Experiments
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KEY WORDS: Autonomous underwater vehicle (AUV) A-&5-$1%<4, Dynamic modeling &% E%, Underwater surveillance 4%
3%, Maneuvering coefficients tuning 2Z A5 4, Motion control &% A}

ABSTRACT: This paper presents the dynamic model of an AUV called HW200 for underwater surveillance. The mathematical model of HA200
is briefly introduced, considering its shape. The maneuvering coefficients were initially estimated using empirical formulas and a database of
vehicles with similar shapes. A motion simulator, based on Simulink of Mathworks, was developed to evaluate the mathematical model of the
vehicle and to tune the maneuvering coefficients. The parameters were finely tuned by comparing the experimental results and simulated responses
generated with the simulator by applying the same control inputs as the experiment. The velocity of HW200 in the tuning process was fixed at a
constant forward speed of 1.83 mys. Simulations with variable speed commands were conducted, and the results showed good consistency in the
motion response, attitude, and velocity of the vehicle, which were similar to those of the experiment even under the speed variation. This paper
also discusses the feasibility of its application to a model-based integrated navigation system (INS) using the auxiliary information on the velocities

generated by the model.

1. M e

=

A& 51744 (AUV, autonomous underwater vehicle)<- 3|
A& e FEEReIY. AUVE A <
Hell A A 5 Jlemg, sgst A& viEste, A4
g A AA Y A, AL FEEA B A, A H =
AL FEAE A, A fE B 5 s SHoE &8
Ha duk @R s d>Aret e 28 T A
il HW200& 20143 7R3} thLee et al, 2013b;
Park et al, 2015). £ =8-& HW2009] 483 mdzsl Ag
AN Lojxl F HICIHE o] &3t EATE Fdshe W
Holl &3k Ao|th
Gertler and Hagen(1967)2 #<73F Al &80 o] &) B

D

WAAE 43R ol F, Tdd mdE 7ol /s
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Table 1 Main particulars of HW200 AUV
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ABSTRACT: An experimental method to investigate the dynamic characteristics of buoys in extreme environmental condition is
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Table 1 Computed wind and current forces on buoy models

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

LNBY-100 2.563 0.516 2.729 0.140
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the paper. If the editor or the publisher learns from a third party that
a published work contains a significant error, it is the obligation of the
author to promptly retract or correct the paper or provide evidence to
the editor of the correctness of the original paper.

Atticle structure

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

Abstract

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

Keywords

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

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

Equations

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

Tables

Tables should be numbered consecutively with Arabic numerals. Each



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

Figures

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

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

1) Single author : (Kim, 1998)

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

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

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

Examples:

Reference to a journal publication:

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

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

Reference to a book:

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

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

Reference to a proceeding:

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

Reference to a website:

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

Journal abbreviations
Journal names should not be abbreviated.

Revised manuscripts

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

new manuscript when and if it is resubmitted.

Proofs and reprints

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

Peer review

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

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

Page charge

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

Editing checklist
See ‘Authors' checklist’ for details.

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



Authors’ ChecKklist

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

< Editing checklist >

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

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

A2 Syo] AR TAARZ AFEgon, theel detzt mrE ey

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

O year(s)).

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

o A 7).

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

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

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

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

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

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

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

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

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

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

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

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



O

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

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

< Submission checklist >

O

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

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

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

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

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

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

e drEddAY dreRtds 2den, &8 A Aokddth

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

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

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

G AARE gRsgon, BB A4 Y F ANRE BRI

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

Title of article

Date of submission : DD/MM/YYYY

Corresponding author : signature

Email address

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



Research and Publication Ethics

Authorship of the paper

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

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

submission for publication.

Hazards and human or animal subjects

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

privacy rights of human subjects must always be observed.

Fundamental errors in published works

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

paper.

Ethical Codes of Research

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

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

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

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

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



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

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

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

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

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

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

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

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

opportunities to develop professionally.

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

above.

. The Scope of Manuscript
L.

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

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

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

. The Definitions and Types of Fraudulent Acts in Research

1.

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

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

data or results.

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

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

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

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

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

a paper without any participation in research.

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

in research or inflicting an injury on an informant.

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

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

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

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

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

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



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

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

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

Supplementary Provisions

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

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

1, Nov. 2008

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

[1, Nov. 2008 amended]
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E-mail address
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Assignment of publishing right
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