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Ice Load Generation in Time Domain Based on
Ice Load Spectrum for Arctic Offshore Structures

Young-Shik Kim"”, Jin-Ha Kim, Kuk-Jin Kang~, Solyoung Han~~ and Jinwhan Kim®™
*Ojj'fshore Plant Research Department, KRISO, Daejon, Korea
" Advanced Ship Research Department, KRISO, Daejon, Korea
“"Mechanical Engineering Department, KAIST, Daejon, Korea
W*Oﬁ‘shore Floater Research, Samsung Heavy Industries Co., LTD, Daejon, Korea

SANFTEE H5BIE A
A ER A A7 WEE AR B AT

KEY WORDS: Arctic offshore structure =43} %72%=, Ice load generation ®3l% A4, Time-domain analysis AlZFS 34, Ice load
spectrum W35 2HEH, Mean ice load H+ W3ls

ABSTRACT: This paper introduces a new method of ice load generation in the time domain for the station-keeping performance evaluation of
Arctic offshore structures. This method is based on the ice load spectrum and mean ice load. Recently, there has been increasing interest in Arctic
offshore technology for the exploration and exploitation of the Arctic region because of the better accessibility to the Arctic ocean provided by the
global warming effect. It is essential to consider the ice load during the development of an Arctic offshore structure. In particular, when designing
a station-keeping system for an Arctic offshore structure, a consideration of the ice load acting on the vessel in the time domain is essential to
ensure its safety and security. Several methods have been developed to consider the ice load in the time domain. However, most of the developed
methods are computationally heavy because they consider every ice floe in the sea ice field to calculate the ice load acting on the vessel. In this
study, a new approach to generate the ice load in the time domain with computational efficiency was suggested, and its feasibility was examined.
The ice load spectrum and mean ice load were acquired from a numerical analysis with GPU-event mechanics (GEM) software, and the ice load
with the varying heading of a vessel was reconstructed to show the feasibility of the proposed method.

1. M = olgt= AT A3t HT IEEATHUS Congressional Hearign,

2009). o3 5= /it B ofd 240 wet BS8E £

Ao A AT dslo) ue} Base] W) mde] &Aoo e HEAY MEE A7 7]E Jhdo] o]FoAaL gloH,
3k

2 Zhaska glom, 2050uh7k 9 1950 dTle} Himatel s ESE AL w7 S SH0R S A WAk 8 ke 93t
WA o] ¢F 50% 7HA] 15 ASRE ZH I QITHNOAA, 2017). A ETEE 7I€ 7ido] B3] o] Fofx|aL Q.

old B Wl WA s B AHoz sk A2 F A sl A o] A "R B AE 98] AAlEE R
Ae AL Qlom, HAds A8 BFEE Pejeks A4 FASNFTEES 2 AR 2 S FAS] AR AAIRA

Q) B3 g2 ghgo] M BAEm Ik B So] B3 X9 (Station-keeping) AlZFlO] B3I Fig. 1- 20049 5= A4
9 7} A ufAreko] A M)A miAbeEe] 22000 o]= A oAl 3% Integrated ocean drilling program(IODP)ol| 4] 7 T
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IstIcebreaker

Flg 1 Arctic station-keeping operation of a dr111sh1p with ice-

management support by icebreakers (Source: IODP): a
drilling platform Vidar Viking in the foreground, and
icebreakers Oden and Sovetskiy Soyuz in the background
managing the drifting sea ice by breaking ice floes to keep
the position of the drilling platform stable

3 H(lebreaker)= &85+ 3T (Ice-management) 2433}
AN Z=EE 83 FH YA FA A 2=B(Dynamic  positioning
system)= ARE3t] WA AXFAE St e =E4
(Drillship) AH& Ho] 31 ITHMoran et al., 2006). L olA] Ho]
= Hke} o] Fy o= 7157 FA] s FolA FAFTREC]
HAE A A E S BFH o2 TP ok gt &

3] A F9 aol o3k WakE(ice load)-> A BT =2
AR FA A A D -GS ) FH o R aHE ook g
o diEAE FAMGFTERE YAATAYHOZE AFA=E
(Mooring system)< AH8-3F= W, &2 9 XA A 28l(Dynamic
positioning system)S AHE-3HE W, AlFAI2-RH A XA
A =E'E 3 AHSSteE W 55 1EE & o, olEd ¢

A A2 A DA o)A AIZES(Time-domain) ¥ 3% 18
£ T FAMGTEES] AAFA A WUF 2 A Woph

A o)t}

FAMGFTEES] 4% B7te BHste oA e AT &
A A OPE]'%(Araon)"ﬂ gk AW TH7E A7 AEA,
BYEANE, AXAZ] v S 83 nw AFE A3 B 9]
THLee et al., 2011; Lee et al., 2014). HZol= Wels 4 4E
A& 7o g §H Aol whet SR ST RE 2t
WelES A= 71 7iEo] 3= AtHKim and Lee, 2018).

oo FAFTFEE AEshe WakeS ARFHolA
1] S8l ok FAEIA 7R EC] A-E R eH, S5
GrEE FFgFe —;F—‘E “’*3 2] FH(ce floe)oll e =&
< AAkstar %‘%1-191—“ —}% - 37‘]3]1“—?}-% ey
Aol ZHg-she Watess F%
3= Discrete element method(DEM) ol 713k %%6] AT E
o] gttt o]2ig DEM WHS ©2 9 9 &5 Alksta
9 e HAEE 2Fete F5AE-E Ty o stERE g2
Aakest Alal AR 222 3THLeset, 1994; Kjerstad and
Skjetne, 2014; Kjerstad et al., 2015). ©]213F W35 4 5|3

&

Aol SAE FESA -7 2 -T2 e
1k, WETERE VA Hold 75
S Z¥= Graphics processing unit(GPU)E 53] A4k
283l GPU-event-mechanics(GEM)©] 7ldeu} ok
(Daley et al., 2012; Daley et al., 2014a). Daley 5 Y2l 1
A 7t=E Zh= Ji)) AFEIA GEMOE F-i2] SA 8]

TZE oF 2417 Bt A&ste WeksS Adtstet ¢ 36
Azto]l 22%-& WA, o]= LS-DYNA 7]4Hlo|A DEMOZ
TY Z20e AT A TR Yol A8dEs ANEAT
(Daley, et al., 2014b).

£ ATE AYdA Wates 1Hshe M2 HIHS
AR¥etal 1 &S HESIA gtk AtshE ARTY H
Z A3 71HE Wekso] Hit W3lE(Mean ice load)d} HE
S}5(Oscillatory ice load). 2 TA4HS 7Hgsta, W3l =4
FANGFTZE &5 e BE Ht Wk WE Wk
845 Aosl= Walks 2HEH(ce load spectrum) A
ot it YskeH Wots ~HER S JNlow H‘iu
o & Watss FHTEAN AR WikeS it

W £©
) ot

Ay ok O{N wa, o O

o
= —+—Hd
O =
T o =~

E AollAe B3
35 HlolEE R4
842 T S Ho
ggate Az °ﬂ A1
A Wates 2 gAY =

Haste] Aok AZkY WElE AW FE4S HEITH

2.1 Hl5k=9| EN

B HoMe FASNGFTEE F83t= Wakze 54
Agit), Aus)| FZHEA T4 (Korea Research Institute of ShlpS
and Ocean Engineering, KRISO) Wal|lFZoA F3lE ZPAHS
B3l AU SRS FTERE Aeske Wekes St 1
A= Fig. 20 AT REAIR Y] Wal 212 W (ce
management) 242 55 2 WY Ee] A 2o WHER
Uo7 W3 271 (Managed ice ﬁeld)O]D]- EA -2 200m
T FAE BAS o Fsidon, myne W U=
(Ice concentration ratio) 10/102] Pre-swan ZZ1o|™, B F7|(Ice
thickness) 1.7m, ¥ 7F%=(Ice strength) 1.2MPac]™, F1] 23] &

=% 0.13m/s0]th ZPAE-L KRISO Wall<FZ Pre-swan Z3A|
g AAE ne} P ATHKim et al., 2018; Jeong et al., 2011).
A ol A Adn] WeFo &2 fo] RsPehe oA FAE)
FTEE] HEFA(Surge) WFOE A83h= WatEe] A
E& Fig 2 Aol =8It Waks AAES Faae 24
ARl I~ E U = (Power spectral density, PSD)E 13 2]
sfdo] EASL, aE SAEY 4L W] 199
o5 F(Moving average)S 3 WIF FIYPAHEHUE
(Moving average filtered power spectral density, MAF PSD)E 19
o Zo] AT Wals ~HER o2 RE SAHH Wl
it Watsd WE Wilkso® FAES I < Stk

<{
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Measured Ice load
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Oscillatory ice load
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=
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N

o
o

Fig. 2 Measured ice load in model test and its power spectral
density
22 ZFHI} nj2o| AlZie] My aiH
2 AFelA A Weks A4 71 ol EAsHA
Re= gyt gl Me] ZF=(Current force)2t 13- 3 7171
(First order wave exciting force) A4 WHE 7|dto =2 /L=l
o webs B "ellA ARt el 2R/ 13 A 7]3EE
She LRkl RS ATl%i
bz o 7 sio] EAsHA] G Lut al oA sl ol
g 2R 2REES HYTRER YA 27 W
< Yehle =7 Al o AA= ™ =73 AlS(Current
force coefficients)E &3t Thaat 22 A AT

HJE oL
=)
2

CXULLT (ﬁ) A c
OYcur (IB) Asc ) (1)
CXYcur (ﬂ) AscL

_1 2
T, —2pwU

cur cur

A7NA 1, SFTER SR FHY P 2GS e}
© 2R WElT, ,, & Bo] AEelY, 1, & ZREECIT

A, E 27 4TS e F obl A¥ o] 358 (Surge)

Real Part of LTF

ILTF
o

et
il

200

w [rad/s] 0o o 3 [deg]

(a) Real part

06 !

cur
0.4 —Cy,

PANANNY]
J 37\’

cur ]
ey

A
\

-0.2

-0.4

Current force coefficients

\

current

-0.6

-0.8
0 50 100 150 200 250 300 350 400

B [deg]
Fig. 3 Current force coefficients and the definition of relative

current angle

Wk Bl 295 2(Sway) & TG A (Projection area)©|™, L&
duke] dololth. Cy.ts Cronrs Cryenr s 22 AT 52 F9-58,
Az B3] 279 AE v, & Aduke] EA 143t
FA|(Body-fixed coordinate)ol| 4] Aol =&= 27 YAazto|th. o}
Fig. 32 A8t g4 sjd72E gk 274 Aleet 27 A
pel AelE vehith =FY AFs RIFAY EE CD
(Computational fluid dynamics) 3141 B3l H3}= Zlo] YREH
olw, vl A 9 vl 2719 Aol ik =74 At
Z2AE A9 2 371E€ 128$ WAl(nterpolation) FE= €4t
(Extrapolation)& %3 X $-CHFossen, 2011).

ol o) 7|XEE 12 B B{FHLS g} fFTEE
of 283t = YAl o8l AA =M, A3 D3 (Linear
transfer function, LTF)E &-83lo] th3-2] 2oz w3}

N
Pt () = D3 /28 e (0)) Aw )
j=1
[LTF}w, B)cos(w;t + ¢,) + LTF{w, 3) sin (w;t + ¢,)]
AT e B i-2E W 12} 3G 710 S YEH, i=1

U w AFEL, =29 W) A959, =30 0 AL PP

Imaginary Part of LTF

w [rad/s] 0 o

3 [deg]
(b) Imaginary part

Fig. 4 Linear transfer function (LTF) for 1st wave force in surge direction: (a) real part of the LTF, (b) imaginary part of the LTF
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o] 12} 9 71xg e et §,,, (w)E 1A dEES A
ofshs S ER(Wave spectrum)©] 3L, IF3HF o 9] 0]
o FaEd oA Aojd stHER o B RE AZFY 4] ut

S 28433171 913l 9 Fourier ¥ 3K(Inverse Fourier transform)®]
ARREER, Tk 24 o7} AHEER ST, & Fuk 8as
ME FAE Aw & Z F 849 B 2o]E Jehd
ok LTF} (w, B) 3 LTF)(w, B) & i-5 HEF 12 3 7|08 S
el A8x ‘%5""9] A4=F(Real part)2} &|<=H-(Imaginary
par)yE 22 Yepith, A Fdgdhre] 4= Al o 9} e
-HA Fae 849 UREF(Circular frequency)$t 2 YA
Z+E Uitk 18} ¢, = ARE A Fake g4 9
(Phase)S UERATE 12} TH 7|X19& AAse AFHAEE T
= gukd o 7 ¥ el (Potential) 314 SIWE %L%“O‘P@] g5
Zo] dutdolt}. ol Fig. 4= Auly sjFT=E gk A
L W 1A 9= 7179S AAE] % AEA %"
Holx gt 5T HE AJAETr7E g 2 S et
o] A7ty A& AL 93 9 Fourier W3S sf v
9] =R AoyEA FAlol A e (Yaw) WSl E}-‘:
& 71208 W3t 13 E Qs 9 QA g R 7AEE
th= A o|th(Fossen, 2011).

_{

Sh=

wm B dr

m\i

= oHd
A NG =7 A THT 13 9 713E A Y

= st MER AR Weks A 7IHES Tl Aos
A bR,
7::,06( )7 uc(/g’ 7(‘6’7 1pe’%ce) (3)

+ Z \/2 7(‘F J’ ﬂ’ Vs

hice’ Tices Vice )Aw COS(u)jt +¢J)
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Table 1 Statistical comparison between measured ice load from a model test and reconstructed ice load by the proposed ice load

reconstruction method

Measured ice load in a model test

Items

Reconstructed ice load Error (B-AYA

(A) (B) [%]

Mean ice load [kN] 1,962 1,947 -0.76

Root mean square of ice load [kN] 2,540 2,505 -1.38
Standard deviation of ice load [kN] 1,613 1,577 -2.23
Maximum ice load [kN] -7,046 -6,712 -4.74
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Fig. 6 Simulated ice load by GEM software and reconstructed ice
load with the proposed ice load reconstruction method
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Table 2 Statistical comparison between the simulated ice load by GEM software and reconstructed ice load by the proposed ice load

reconstruction method

Simulated ice load by GEM

Reconstructed ice load Error (B-A)/A

Items Unit A) ®B) %]

Mean ice load [kN] -63.89 -65.52 2.55

Root mean square of ice load [kN] 70.71 7247 2.49
Standard deviation of ice load [kN] 30.32 31.00 2.24
Maximum ice load [kN] -174.81 -178.76 2.26
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Fig. 7 Mean ice load with the angle of attack by the ice floe
drifting

Table 3 The ice condition for the numerical ice load anlysis by
the GEM software
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Ice drift speed in average v, [nvs] 0.5
Ice thickness in average h,,, [m] 1
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Fig. 8 Ice load spectrum (power spectral density) with the angle
of attack by the ice floe drifting
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Numerical Study on Optimization of Bulb Type Twisted Rudder for KCS
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KCSE HMB 3 vt ele] HAF o] )3l <37 Als AF

AR QBRI
“Baistn 2AsFEsst

KEY WORDS: Energy saving device 1A #Z} =], Rudder bulb &t HE, Cap Z=H2| 7, Twisted rudder HIhA E},
Computational fluid dynamic Z4H+4 48t

ABSTRACT: Recently, in an effort to reduce the energy efficiency design index (EEDI), studies on energy saving devices (ESDs) have been
conducted. In this study, we designed a post-device suitable for a KRISO container ship (KCS) using computational fluid dynamics (CFD). In
order to increase the efficiency of the post-device, a twisted rudder was used, which has a proven performance (showing a 1.34% reduction in DHP
compared to the bare hull at 24 knots) in previous research at Pusan National University. In addition, an increase in efficiency was expected by
the use of a rudder bulb, including the discontinuous section of the twisted rudder and a divergent propeller cap to prevent the contraction of the
wake. The optimization criterion was the case where the delivery power was the least compared with the bare hull. We analyzed the cause of the
efficiency increase through an analysis of the self-propulsion factor. The case study for optimization was divided into 4 types (1. clearance of the
bulb and cap, 2. shape of the bulb, 3. size of the bulb and cap, and 4. asymmetric bulb). Finally, with a clearance of 50 mm from the ship, a
spherical bulb with the cap having an angle of 5°, and an asymmetric rudder bulb with a bulb diameter of 1.2HH/1.4H (horizontal/vertical)
showed a 2.05% reduction in DHP compared to the bare hull at 24 knots. We will fabricate a post-device that will be optimized in the future and
verify the performance of the post-device through model tests.

1. M =2 (Rudder bulb, 1) 2 22 (Cap, )< EFHoZ A
3} CFD(Computational fluid dynamics)E &g+ Ao %

A AAHeE 37 ool ek #Alo] ol wet A HaE Adsiith
3| AL7]17<] IMO(International Maritime Organization)ll 41+ EEDI
(Energy efficiency design index)Th= A XS A|AISH] Addlo] Y
= oliEea wiES Ak Ak ol whe} ESD(Energy
saving device, LA 7‘1” Aol gk A5-7F &s] 313E
3 At} Carlton(1994)2 T}k ESDE Z 232 ZW(Zone | ),
Z2HH(Zonell), Z2H 2 FHKZonelll)ol| F-2== ESDZ 1}
FAFig. 1). 283 B AFNAE °olE 42t Pre-device,
Main-device, Post-device®txl ™ 3}z1ch.

EA] Pre-deviceZ+= Pre-swirl stator(PSS), Pre-swirl duct
(PSD) T°] S, Main-device2+ Tip Rake propeller(TRP),
Contra-rotating propeller(CRP), “L&]3L Post-deviceZ= HIth* E}
(Twisted rudder), 1] ¥ E(Rudderbulb) 5°] &&A Aot

B H1E= ESD % Post-deviced] T3F AF= #Hg HB Fig. 1 Zones for classification of energy-saving devices (Carlton, 1994)
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Fig. 2 Modeling of semi-spade rudder and twisted rudder

Table 1 Main dimension of semi-spade rudder & twisted rudder

Semi-spade rudder  Twisted rudder

Top chord [mm] 151.8 1523
Bottom chord [mm] 126.6 120.1
Mean chord [mm] 139.2 136.2
Span [mm] 250.6 248.5
Aspect ratio 1.8 1.82
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g. 3 Definition of rudder bulb size, cap angle, cap bulb clearance

and hub diameter
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Table 2 Case study according to design conditions of rudder bulb and cap

Case Type Bulb type Clﬁ::r;ll]ce [ degaree] D w Design conditions
A Sphere 50 5 1.2H 1.2H
1 Rudder bulb & Cap clearance
B Sphere 70 5 1.2H 1.2H
2 A Sphere %0 > 120 L2 Sphere type & Parallel type bulb
C Parallel 50 5 1.2H 1.2H
D Sphere 50 2 1.1H 1.1H
3 A Sphere 50 5 1.2H 1.2H Cap angle & Rudder bulb size
E Sphere 50 8 1.3H 1.3H
F Sphere 50 5 1.2H 1.3H . .
4 Asymmetric rudder bulb size
G Sphere 50 5 1.2H 14H
o2 shjo] ESDAY AASKAT. 5, AL weh e 580 ASAen 4238014 F7HAQ Case studyE B T M
g Wuo] FAPOE olojd & Y=S Ao Zwel W 278 HH3 Sk
273& shtel Ms AAs. By dHe] FRYYE Aol LT At A Hlusr] ffs) Hr] WBHe| 27] 9 7Y 7+
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(@) D type (b) A type

(c) E type
Fig. 6 Modeling of rudder bulb and cap according to cap angle
and rudder bulb size
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Fig. 7 Modeling of rudder bulb according to asymmetric rudder
bulb size
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Table 3 Comparison of drag, thrust and torque according to time

step at 630rpm

H-A _}(

7, = (2,9,2) HF

o

o

greo] 2] Aol 0.2m7t HE SAH|
£T = 1.964m/s50)th
1129202 (1))3 Reynolds-

+pU— + (—GU" w,u,) +
ot P = o o o, Pt

o,

H}sEo

Time step Drag Thrust Torque

[s] [N] [N] [N-m]
0.001 49.04 32.76 1.11
0.002 49.25 32.50 1.11
Diff. [%] 0.43 -0.78 -0.39

Table 4 Analysis condition

Program

STAR-CCM+ (Ver. 11.02)

Governing equation
Discretization

Turbulence model

y+

Wall function
Velocity-pressure coupling
Rotation method
Cell number
Time step

Physical time

Incompressible RANS
Cell-centered FVM
Realizable k—e model
70
Non-equilibrium
SIMPLE algorithm
Sliding interface moving mesh
approx. 3,500,000
0.002 s
20 s

@)°1H, T3t 2ol &3

o, p= A,

, — pu u,; = Reynols stress, f,, = T

=2l Star CCM+ Ver. 11.02
ZBAAE HellMel velfs& BAb
s AP 2
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THTae, 2017; Kwon, 2013)°|A] Z13E KCSARFS] Model testS
53 CFDY| A 2 FAWRE ¥w st ti(Table 5, Fig. 10).

Table 5 Comparison of resistance coefficient at model scale

Resistance coefficient Cip*<10°
CFD 3.951
Model test 3.938
Difference (%) 0.318

Pressure Outlet
(Outlet)

3.0L

Velocity Inlet  3.0L

(b) Model test

Fig. 10 Comparison of nominal wake at propeller plane

4. Fx[siAM 2t

(Inlet, Top, Bottom) ‘Y i’x 41 Meys 20
AP FUT A 2AS AgItel AR QYL
Fig. 9 Computational domain and boundary condition sAEGgon, Hr Wr 2@ e I3 A3 e s
Table 6 Comparison of resistance according to case study
Case Type Division Crgx10° EHP [PS] EHP_Diff. [%]

Bare hull - 2.498 31643 0.00

| A 50mm clearance 2.497 31641 -0.01

B 70mm clearance 2.511 31817 0.55

) A Sphere type bulb 2.497 31641 -0.01

C Parallel type bulb 2.507 31774 0.41

D 2°/11H/11H 2.515 31859 0.68

3 A 5°/12H/12H 2.497 31641 -0.01

E 8 /13H/13 H 2.515 31870 0.72

4 F 5°/12H/13 H 2.509 31796 0.48

G /5°12H/14H 2.503 31724 0.26
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(a) A type

(b) C type
Fig. 12 Comparison of streamline according to rudder bulb type

Table 7 Comparison of self-propulsion performance according to case study

Self-propulsion point

Case  Type n T 0 ¢ w,, wg . . T DHP DHI:)_Diff.
[PS] (%]
ps] N [Nm]

Bare hull 64557  33.77 1.166 0.126 0.263 0.220 1.121 0.961 0.733 43167 0.00
A 64275 3345 1.148 0.117 0.266 0.218 1.129 0.967 0.743 42611 -1.29

! B 64333 33.50 1.150 0.114 0.266 0.216 1.130 0.967 0.744 42779 -0.90
) A 64275 3345 1.148 0.117 0.266 0.218 1.129 0.967 0.743 42611 -1.29
C 64324 3341 1.155 0.113 0.265 0.215 1.130 0.961 0.740 42963 -0.47

D 643.64 3348 1.151 0.112 0.265 0.215 1.130 0.966 0.743 42855 -0.72

3 A 64275 3345 1.148 0.117 0.266 0.218 1.129 0.967 0.743 42611 -1.29
E 640.65  33.46 1.150 0.111 0.272 0.218 1.137 0.964 0.746 42729 -1.01

4 F 638.66  33.98 1.153 0.127 0.283 0.232 1.136 0.970 0.749 42465 -1.63
G 637.60  34.17 1.152 0.134 0.289 0.238 1.136 0.974 0.750 42280 -2.05
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Dynamic Behavior of Floating Tidal Current Power
Device Considering Turbine Specifications
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Dynamic behavior &% 7%

ABSTRACT: Tidal current power is one of the energy sources of the ocean. Electricity can be generated by converting the flow energy of the
current into the rotational energy of a turbine. Unlike tidal barrage, tidal current power does not require dams, which have a severe environmental
impact. A floating-type tidal current power device can reduce the expensive support and installation cost, which usually account for approximately
41% of the total cost. It can also be deployed in relatively deep water using tensioned wires. The dynamic behavior of a floater and turbine force
are coupled because the thrust and moment of the turbine affect the floater excursion, and the motion of the floater can affect the incoming speed
of the flow into the turbine. To maximize the power generation and stabilize the system, the coupled motion of the floater and turbine must be
extensively analyzed. However, unlike pile-fixed devices, there have been few studies involving the motion analysis of a moored-type tidal current

power device.

In this study, the commercial program OrcaFlex 10.1a was used for a time domain motion analysis. In addition, in-house code was used for an
iterative calculation to solve the coupled problems. As a result, it was found that the maximum mooring load of 200 kN and the floater excursion
of 5.5 m were increased by the turbine effect. The load that occurred on the mooring system satisfied the safety factor of 1.67 suggested by APIL The
optimum mooring system for the floating tidal current power device was suggested to maximize the power generation and stability of the floater.
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Fig. 1 Costs for tidal current power system component (Vazquez
and Lbhlesias, 2016)

o) A%
g Fapol 2Hgshe shee B
itk webd B Aol g, RaAe] 94 &
el 24 e sl
A A7} o] F017]
AFE ¥ ChRolY FRA ZRUREAS) 7
99]\

- B ARl

WA el AR %2 a}
B Aol Bu A0 AdelA
o8] F7PHoR WSk Hile) Fex mUES
H, felstn, FFFY), HE FE 5
Case AA3He] 212ke] SAzA] tIF -
2l QA e ARttt = Ei‘ﬂ]gl B4 fial me
Ao 5 B AFelel] geo] v
sheiet.

e
4>

2.

SiA

H0

21 28 2EA

AR Aol 48 T2 OrcaFlex 10.1a7} AHEE L
o, AR SS9 BiA &5 A A () 2o
(Cummins, 1962).

(Mt a)iit Bt Cic + / j h(t—)a(P)dr= F(t) 1)

Mo A, o BT A% pe 24 S o= B4
Agolr, re FxE| 483k 1% 9G5S ekt 7}

FAY A TAE f5 7Nk Ak EAE o =

T . B dAFolM = A8 A
279 Wadam O EFE] T2E| #4414
w3 h(t—7) = AEEFEZEA Convolution HES S A7 4

ol Me] F-falel As 719 Z3E a1 = ek

22 oM =2

BEMT(Blade element momentum theory)= E8|o]|= =5 ©H
of A8k 3] A &FF 0|80 AME A oo
A, BHle] B4 A7 8 stes Akt of F2 ARSHET Fig
29} 2L BEol= o)y F9)o] H5L nw, Yare 57
ek &x(v)ol ola) dgo JAEE Ale(1)el 2]
ob ol ARHM, Frifol ofa FAPFOR I, 57
PO Yo MR T YL A Sge] Eas) 3
Aol 2]l 8 Aoz v Qo

EHlg 254 %9 oﬂx@ﬂré 1837 958 Matlabg ©)
43 OrcaFlex 75 41E& St HFig. 3). V& &7

Fig. 2 Mechanism around blade element
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Fig. 3 Flow chart of iterative motion analysis
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Fig. 5 Designed floating type tidal current power device

AL 7Hgstd o B4 S FRES HH3) AlF)= Aol
ohd, B 0 2 ALEE A AT RES R &
A5l Bk Eo] o] Fo|th Table 25 ol aiAol AHS
2 vk F2E AY-E JERATE OrcaFlex Aol Al A2
3h= 6D Buoy B@-& o]83te] EH-E 73 2™, Matlab =
£ o]g3te] 2HAE ¢ U mHEE g 9H o T ALEF
=

S

e 4TS BAT 5 Uglon A Y 3 mwEes

864.4kN ! 564.1kNm= 723t ZFe} 9=r} BN 202

Z}-83= Case 994 AT

Table 3 Turbine loads analysis result

LoaI(\ilocl:ase Thrust [KN] Thrust dev. I\EIIS;In;?t Mg;r\l/e.:nt

1 309.6 6.8 338.9 42
2 547.4 10.0 450.7 4.9
3 852.5 13.8 562.4 5.6
4 311.3 389 339.2 213
5 549.3 52.0 451.0 21.5
6 854.6 65.3 562.7 21.7
7 319.3 92.0 340.6 49.5
8 558.2 122.1 4524 49.7
9 864.4 152.5 564.1 49.9
10 154.8 34 239.6 3.0
11 273.7 5.0 318.6 34
12 426.2 6.9 397.6 3.9
13 155.7 19.5 239.9 15.1
14 274.7 26.1 318.9 153
15 4273 32.7 397.9 154
16 159.6 46.1 240.8 35.1
17 279.0 61.2 319.8 35.2
18 432.1 76.5 398.9 354

Fig. 6 Mooring line layout

Table 4 Mooring tension with a various load cases with turbine

Load case No. Max. tension [KN] Line No. Std. Dev.
1 402.3338 1-1 12.5
2 558.8096 1-1 15.9
3 817.9315 1-1 24.3
4 513.5729 1-1 26.6
5 701.7993 1-1 39.8
6 1030.969 1-1 59.7
7 666.8946 1-1 46.8
8 930.9297 1-1 67.6
9 1311.669 1-1 107.4
10 659.3693 4-1 57.0
11 792.5558 4-1 57.6
12 989.2022 4-1 59.9
13 1081.043 4-1 124.8
14 1310.183 4-1 137.3
15 1641.159 4-1 143.9
16 1357.692 4-1 136.6
17 1702.308 4-1 163.2
18 1903.318 4-1 187.7
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3. AlF etdd &It

AAE 2=FEAEA ] NS FE Ao AlF A
gt 0}3‘5 API RP 2SK(Design and analysis of station-keeping
for floating structures)& ©]-83t AZFSFATHAPIL, 2015). A
TN AABRE Ha Al A FAIGE Table 59k 2]
Intact condition®l4] Dynamic 314 HH-E& AMSIES 0 1.672
THE

Table 5 Design criteria (API, 2005)

Tension limits

Analysis method Equivalent FOS

[% of MBL]
Quasi-static 50 2.0
Intact
Dynamic 60 1.67
Quasi-static 70 1.43
Damaged )
Dynamic 80 1.25
Table 6 Specification of mooring chain
Specification Value
Type 64mm R4 studless
Length [m] 425.7
Normal drag diameter [m)] 0.064
Mass per unit length [kg /m] 82
Axial stiffness [kN] 349,798
Minimum breaking load [kN] 3534.84
Factor of safety 1.67
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Table 7 Analysis result summary

. Mooring Legs
Condition -
Max tension [kN] Factor of safety
Intact / Dynamic 1944.32 1.82

Minimum breaking load [kN] 3534.84 (Corroded)

AF AU Nominal diameter 64mme] Studless R4 Grade
chain® 2 TAE 0™ 3867kN2] MBL(Minimum breaking load)
< 71t} Table 6 AlFAIZ=El T30 AR A|Q1] Apkol
RS, dlF 725 FHE¢e] Al FAE& 133t A
A AQ o] A7 90%THE AHE-FF MBLS] A& A|FskaL
RS H(DNY, 2012) ¥ AFNA%E MBL H4& 19%E 7HS
Corroded MBLS AA| 7|F22 A3 T

AF Aded A DB HhshsS 1,94kNC 2, 71 & 9
e} ZF<Eo] FLFH o] 5159] In-line condition®. = Z-&-3}+=
Lload casel9°|A] &Yt Th o] Corroded MBL 3,534.8kN H
H] QFAAIS 1.825 SHE= oz 24 87 KA 1.67S
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A A Al ARl Ho AAE S kA AlGE YERATL

4. 2 =
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564.IKNmZ Al A 315 1,903kNell ths] EjHIS 1183}1A)
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A=ATE =S BRI /A A% 8-S oF 53% 7R
o A A% wAS oF 11.7mE FAGUATE AFA S
64mm Studless R4 grade AlFAI] 12701E o] 83l F&A3I9 L,
Case 1894 1.829] HA& ¢k AlFE gRFOH ol= API
(American Petroleum Institute) | 4] A AISH= AA A A5 1.67
& 3= atelth
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[e)

n

e BRAS AE 5
o
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71850).
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Study on Hydrodynamic Forces Acting on Tanker Hull with
Consideration of Various Vertical Centers of Gravity in Drift Test

Taechul Park’, Sungwook Lee®™’, Kwang-Jun Paik~ and Sung-Ho Moon’

"Korea Maritime and Ocean University, Busan, Korea
Inha University, Incheon, Korea

B7 Aol g AllgEol A7 AT

M - oS0 MR BT
L3

KEY WORDS: Vertical center of gravity(VOG) s+21%aF FA1%54], Manoeuvrability %4, Computational fluid dynamics % 4H| 9%},
Manoeuvring hydrodynamics %% 41, Roll motion ¥, 3 Degree of freedom(3DOF) 37 %

ABSTRACT: An investigation was conducted to determine whether the changes in the maneuvering forces and moments acting on a hull could be
affected by changing the vertical center of gravity (VCG) of a tanker. The changes in the hydrodynamic forces and moment acting on a hull
according to the restraint conditions of motion were examined using CFD for cases where the VCG was located at the design draught (100% of
draught), under the design draught (75% of draught), and at half of the design draught (50% of draught). The following motion restraint
conditions were selected: (1) fixed restraints for everything; (2) heave, pitch, and roll free restraint; and (3) heave and pitch free restraints. It was
found that restraint condition (2) had the best agreement with the model experiment results. In addition, it was found that the hydrodynamic forces
and moment acting on the hull with restraint condition (2) could be greatly affected in the model tests and CFD calculations by the various
configurations for the vertical center of gravity of the hull. Finally, it was concluded that the location of the vertical center of gravity of the hull
could be an important factor when more accurate hydrodynamic maneuvering forces and moment are estimated.
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A w8 BPAPA AHEE 146420601, F8 AL o
Table 1= 53l ERANE 4= Aot Table 1914 Lpp= NFEF

oMol Ao, B At F 1= 55 9t

Table 1 Main dimension of target ship

KVLCC 1 Prototype Model

Scale 1 46.426

Lpp [m] 320.0 6.893

B [m] 58.0 0.625

T [m] 20.8 0.448

Froude number [-] 0.141 0.141
Reynolds number [-] 2.18x10° 6.622x10°

2.2 ZX}t A|AH

Ak A}%FJ thAl & KVLCCI o2 3 SIMMAN(2008)<
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& AR F e AHE /AL 212 , Hlﬂzﬂ. s 2
o AzLg AARE & Uk ALt Y9 AL AA dolg &
A= dAste] i Aute] MAETEEtE vl AR} A4 o]
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Table 2 Test case conditions

Types Variable
Linear Upwind limitedGrad
VOF .
convection Gauss linear
fisch interfaceCompression
chemes
LinearUpwind limitedGrad
Momentum linear
convection
upwind

Time step [s] 0.01, 0.02, 0.04, 0.06, 0.08
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Table 3 Main case condition
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Simulation of Vessel Motion Control by Anti-Rolling Tank
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ABSTRACT: The effects of an anti-rolling tank (ART) on vessel motions were numerically investigated. The potential-based BEM vessel motion
simulation program and particle-based computational fluid dynamics program were dynamically coupled and used to perform a simulation of vessel
motions with ART. From the time domain simulation results, the response amplitude operators for sway and roll motions were obtained and
compared with the corresponding experimental and numerical results. Because the main purpose of ART was only to reduce roll motions, it was
important to show that the natural properties of a floating vessel were not changed by the effects of ART. Various ART filling ratios and several
ART positions were considered. In conclusion, ART only reduced the roll motion regardless of its filling ratio and position.
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for various inner tank ratio (Kim et al. 2014b)

Table 1 Characteristics of floating vessel and anti-rolling tank

Inner sloshing tanks

Description Floating vessel (AFT / FWD)
Length [m] 285 271
Breadth [m] 63 40/
Draft (Height) [m] 13 7
x-Position [m] 0
y-position [m] 0 0/0
z-Position [m] 0 33

Table 2 Environmental Conditions

Wind N/A
Current N/A
Heading 90 Degree (beam)
Significant height 50 m
Wave )
Peak period 12 s
~ of JONSWAP spectrum 33

Filling level of
inner tanks
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Table 3 Characteristics of floating vessel and anti-rolling tank

Description ART Tanks (A / B/ C)
Length [m] 271271/ 27
Breadth [m] 40 / 40 / 40
Height [m] 717117
x-Position [m] (From the center of vessel) 130 / 0 / -130
y-position [m] (From the center of vessel) 0/0
z-Position [m] (From the center of vessel) 3/3

Filling ratio

0 %, 43 % (0.422 rad/s), 57 % (0.484 rad/s), 73 % (0.536 rad/s)
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Fig. 3 Comparison of baffles effects from (a) time history and (b) FFT results
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Fig. 4 RAO of FPSO with variously filled ART for (a) sway motion and (b) roll motion
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Development and Application of Two-Dimensional Numerical Tank
using Desingularized Indirect Boundary Integral Equation Method
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KEY WORDS: Numerical wave tank X%, Desingularized indirect boundary integral equation method HIE-0]8}7H7] 78 A 2 #1878 4]
"W, Fully nonlinear free surface boundary condition ¢4 HIA1% A-f-4H 23, Radial basis function *$AF7 1413, Meshless method
Fah Uy

ABSTRACT: In this study, a two-dimensional fully nonlinear transient wave numerical tank was developed using a desingularized indirect
boundary integral equation method. The desingularized indirect boundary integral equation method is simpler and faster than the conventional
boundary element method because special treatment is not required to compute the boundary integral. Numerical simulations were carried out in
the time domain using the fourth order Runge-Kutta method. A mixed Eulerian-Lagrangian approach was adapted to reconstruct the free sutface at
each time step. A numerical damping zone was used to minimize the reflective wave in the downstream region. The interpolating method of a
Gaussian radial basis function-type artificial neural network was used to calculate the gradient of the free surface elevation without element
connectivity. The desingularized indirect boundary integral equation using an isolated point source and radial basis function has no need for
information about the element connectivity and is a meshless method that is numerically more flexible. In order to validate the accuracy of the
numerical wave tank based on the desingularized indirect boundary integral equation method and meshless technique, several numerical simulations
were carried out. First, a comparison with numerical results according to the type of desingularized source was carried out and confirmed that
continuous line sources can be replaced by simply isolated sources. In addition, a propagation simulation of a 2"-order Stokes wave was carried out
and compared with an analytical solution. Finally, simulations of propagating waves in shallow water and propagating waves over a submerged bar
were also carried and compared with published data.
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Fig. 1 Schematic diagram for two-dimensional numerical wave tank
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Table 3 Chapalain's experimental characteristics(1992)

Trial h [m] e [m] T [s]
A 0.4 0.078 25
C 0.4 0.113 35
D 0.3 0.078 2.5
H 0.4 0.078 3.0

3.4 Luth et al.(1994)2] E|AIS

Luth et al.(1994)%] 8] A@S FAF2E T3l Fig. 159
Zo] JERHATE Submerged bar®] Al¥-2 Eo] 03m 123l
A7 Aol 1:209] BIEH FEHAIHO] 1:109] BI&S 7HRITh
Luth et al.(1994)8] FE|AEH LS 3 JZ 0.01me} 3 7]
2.02sec.2] AN 2] ALte AT A T}
Al Piston type2] ZI}7| 2 Al E#H0)H-S 8P 27| o] 2
< 53 9719 Stroke:= 0.29859mE AA AT FAIE
N w3ly] ¢ske] ZubHolA 4m, 12.5m, 14.5m, 17.3m3} 21.0m
Holzl A3 o] FZ AAEE Hlaste Fig. 169 =A] aF3ch
Z3H A 4m B Z XA Reference pointZ A #H3}7T gl
7] Wil 2317] o233} FYT 0.01me] ¥AE 3= PAHTS
lsd A e FARE 23S YeRdS BRIkt o
2 A F1Z AAE TS Luth et al.(1994)2] A H T 2



Development and Application of Two-Dimensional Numerical Tank using Desingularized Indirect Boundary 455

0.08 [ ‘ 0.08 ‘ I
——— Ist harmonic Cal.(Present) ——— Ist harmonic Cal.(Present)
007 || |=e—— 2nd harmonic Cal.(Present) || 007 | | |=—— 2nd harmonic Cal.(Present) ||
3rd harmonic Cal.(Present) 3rd harmonic Cal.(Present)
0.06 = = =4th harmonic Cal.(Present) 0.06 = = =4th harmonic Cal.(Present)
: o st harmonic Exp.(Chapalain et al.,1992) [ ’ e Ist harmonic Exp.(Chapalain et al.,1992) B
»  2nd harmonic Exp.(Chapalain et al.,1992) w  2nd harmonic Exp.(Chapalain et al.,1992)
~ 0.05 3rd harmonic Exp.(Chapalain et al.,1992) H = 0.05 3rd harmonic Exp.(Chapalain et al.,1992) H
§ X 4th harmonic Exp.(Chapalain et al.,1992) % X 4th harmonic Exp.(Chapalain et al.,1992)
= <
2004 ([ 2 ® o . ° v, S 004 [® e
= ° =
S S
R 0.03 2 0.03
S S
£ g
S - 3
= 0.02 e - e = 0.02
K PR
/‘ !\\. /‘ (] L
4 *.
0.01 A . F 0.01 -
‘a en P4 A"
4 o Rl -~ -
/'i' i‘\ Az (" - w--*’x‘-x_&x-x-'wx e (‘.X’)“X“-x
0 Kge Ram me i X780 x~he e ag AR TS s xme TR0 50 g 0 i XY
0 5 10 15 20 25 0 5 10 15 20 25
Distance to wave maker(m) Distance to wave maker(m)
Trial A Trial C
0.08 I ‘ 0.08 I ‘
= [st harmonic Cal.(Present) = [st harmonic Cal.(Present)
007 || |=e—— 2nd harmonic Cal.(Present) || 007 | | |=——- 2nd harmonic Cal.(Present) ||
3rd harmonic Cal.(Present) 3rd harmonic Cal.(Present)
0.06 = = =4th harmonic Cal.(Present) 0.06 = = =4th harmonic Cal.(Present)
. o st harmonic Exp.(Chapalain et al.,1992) [ e e Ist harmonic Exp.(Chapalain et al.,1992) [
»  2nd harmonic Exp.(Chapalain et al.,1992) u  2nd harmonic Exp.(Chapalain et al.,1992)
~ 0.05 3rd harmonic Exp.(Chapalain et al.,1992) L -~ 0.05 3rd harmonic Exp.(Chapalain et al.,1992) -
§ X 4th harmonic Exp.(Chapalain et al.,1992) % X 4th harmonic Exp.(Chapalain et al.,1992)
3 <
= 0.04 = 0.04
N . 2
S . £
N L N e ©® o
S 003 T2 . D B N 2003 =L e, P e S
S R e e ? Y 5 B s o
g S e
g N
f 0.02 n Pl W8 . i’ 0.02
Vs \.\ % ’/__.—-w-l"“'"""" l."\.g
,,‘ n, e . ~u,
0.01 A " o 0.01 e B
. /“ \‘\ ’: /’._r’ " .
A e * /- < L >
I S e TIRCNey W SRS D A e e e S PO oy B
0 5 10 15 20 25 0 5 10 15 20 25
Distance to wave maker(m) Distance to wave maker(m)
Trial D Trial H
Fig. 14 Spatial variation of harmonic amplitude
Submerged bar problem(Luth et al., 1994)
T T T T T
@14.5m

Ref. 4.0m

0
0.1 )
1 1
1 | |
1 1
0.2 ! :
1 1
1 1
0.3 i i
1 1
1 1
1 1
0.4 - :
3 5 | 10 1 115 | 20 25 30
T« = >+ = i

Fig. 15 The sketch of the numerical wave tank for Luth's experiment (1994)

AL HAY 5 ek 53 ZoAolA 125msh 145m ol v 17.3ms} 21.0m ol AHAAE Aol ZolA szt s
A AR E 40l ok A Shask F7hska kel Fokd  obAE AWE FAAANCIAE BEF 5 ATk



456 Seunghoon Oh et al.

0.05 T T T T T 0.05 T T T 0.05 T T T
Numerical results ——Numerical results ——Numerical results
0.04 - o Exp.(Luthetal.,1994)| | 0.04 - o Exp.(Luthetal. 1994)| 0.04 o Exp.(Luthetal.,1994)) |
= = = Ist order wave theory
0.03 ¢ 1 0.03 ¢
0.02 ¢
-~
£ 001
= o
oLs
-0.01 |
0.02 ¢ 0.02 -0.02
20.03 | . . . I 20.03 | . . L . 20.03 . \ . . I
20 21 22 23 24 25 26 20 21 22 23 24 25 26 26 27 28 29 30 31 32
Time(sec.) Time(sec.) Time(sec.)
Reference wave probe (at z = 4.0 m) No. 1 wave probe (at = = 12.5 m) No. 2 wave probe (at z = 14.5 m)
0.05 T - 0.05 T T T T T
Numerical results ——Numerical results
0.04 o Exp.(Luthetal.,1994)| 0.04 o Exp.(Luthet al.,1994)
0.03 0.03
0.02 0.02

-0.03 - - - - -
28 29 30 31 32 33 34
Time(sec.)

No. 3 wave probe (at z = 17.3 m)

Fig. 16 Wave elevations at specific locations

4.2 B
o] gate] 2x- A HIAY A
o] AN P AEE HT H
Fioll WA 1A g ARSI EE FA7IHS
|Rke] o g B ALS f1g 7:‘1]'7} e gl
o] 71& Wi vluste XA 02 FAsrt
TAFzxe] 54 Fot 9 AFE A3l o FAAR
FYSAT. 4 HEolgtE Ao FR wE FXAd
S HIWSIaL FRIF oz Aol Bt H L2 A &0
2= T ASS st 183 Stokes 22+ I} o] 2
FRF] AAES s vin AR
== Stokes 22} —4— O]i slE ©]-&3HH Piston type
]'2—4; AL oz
S| PAdo] gt Mg ¢
Algd Chapalam et al.(1992)«] —rﬁl Ald 2 Luth et al.(1994)
doll thste] FXALHE FASATE AEAES
YA FAT} vwstH o FEFHoR g Jx)g

£ =FoA4= DIBIEMS
MstE e A5

=
23}

I

N
2
it

it
ftlo

=)
)
' o
mw I

n
Ach
>
)t

r}meﬂrﬂ
o X2 4
;;

ATolA AR e WA 85 7]
2249 9 WY FRSEE olgdtel A BIFRA
A B A BERT 3AY FAFRE FHATE 5

el

-
9532

iz

% o ©

o2 ool

il

-0.01 §

-0.02

20.03 | | I . |
35 36 37 38 39 40 41
Time(sec.)

No. 4 wave probe (at = = 21.0 m)

7

o

B A= goksatie] IZTNEAIAEQ] AlS| 22z
LFe A% A7 A=} 75 9 AHEHE Pre-FEED 9313
A71ENE (PMS3850)2] AFHEY-S 3l nidyth

References

Beck, R.F., 1994. Time-domain Computations for Floating Bodies.
Applied Ocean Research, 16, 267-282.

Boo, S.Y., Kim, C.H., 1994. Nonlinear Irregular Waves and Forces
on Truncated Vertical Cylinder in a Numerical Wave Tank.
Proceedings of 7th International Offshore and Polar Engineering
Conference, Honolulu, HI, ISOPE, 3, 76-84.

Cao, Y., Beck, R.F., 2016. Desingularized Boundary Integral
Equations and Their Applications in Wave Dynamics and Wave-
body Interaction Problems. Journal of Ocean Engineering and
Science, 1(1), 11-29.

Cao, Y., Schultz, W.W., Beck, R.F., 1991. Three Dimensional
Desingularized Doundary Integral Methods for Potential
Problems. International Journal for Numerical Methods in
Fluids, 12, 785-803.

Chapalain, G., Cointe, R., Temperville, A., 1992. Observed and



Development and Application of Two-Dimensional Numerical Tank using Desingularized Indirect Boundary 457

Modeled Resonantly Interacting Progressive Water-waves.
Coastal Engineering, 16, 267-300.

Cointe, R., 1990. Numerical Simulation of a Wave Channel.
Engineering Analysis with Boundary Elements, 7(4), 167-177.

Ducrozet, G., Bonnefoy, F., Touze, D.L., Ferrant, P., 2012. A
Modified High-Order Spectral Method for Wavemaker
Modeling in a Numerical Wave Tank. European Journal of
Mechanics B/Fluids, 34, 19-34.

Goda, Y., 1998. Perturbation Analysis of Nonlinear Wave Interactions
in Relatively Shallow Water. Third International Conference
on Hydrodynamics, Seoul, South Korea, 33-51.

Koo, W.C,, Kim, M.H., 2004. Freely Floating-body Simulation by
a 2D Fully Nonlinear Numerical Wave Tank. Ocean Engineering,
31, 2011-2046.

Koo, W.C., Choi, K.R., 2009. Spatial Modulation of Nonlinear Waves
and Their Kinematics using a Numerical Wave Tank. Journal
of Ocean Engineering and Technology, 23(6), 12-16.

Longuet-Higgins, M.S., Cokelet, E.D., 1976. The Deformation of
Steep Surface Waves on Water: 1. a Numerical Method of
Computation. Proceedings of the Royal Society of London,
Series A 350, 1-26.

Luth, H.R., Klopman, G., Kitou, N., 1994. Kinematics of Waves

Breaking Partially on an Offshore Bar; LDV Measurements
of Waves with and without a Net Onshore Current. Report
H-1573, Delft Hydraulics.

Wu, N.J., Tsay, T.K., 2009. Applicability of the Method of
Fundamental Solutions to 3-D Wave-body Interaction with Fully
Nonlinear Free Surface. Journal of Engineering Mathematics,
63, 61-78.

Saranli, A., Baykal, B., 1998. Complexity Reduction in Radial Basis
Function(RBF) Networks by Using Radial B-spline Functions.
Neurocomputing, 18, 183-194.

Sung, H.G., Hong, S.Y., Choi, H.S., 1997. A Study on the Boundary
Element Method for Numerical Analysis of Nonlinear Free
Surface Waves(I). Journal of the Society of Naval Architects
of Korea, 34(4), 53-60.

Sung, H.G., Choi, H.S., 2000. Numerical Analysis of Two-
Dimensional Nonlinear Radiation Problem Using Higher-Order
Boundary Element Method. Journal of the Society of Naval
Architects of Korea, 37(1), 67-81.

Zhang, X.T., Khoo, B.C., Lou, J., 2006. Wave Propagation in a
Fully Nonlinear Numerical Wave Tank: A Desingularized
Method. Ocean Engineering, 33, 2310-2331.



ok

=8| FFsts] R A32A A6Z, pp 458-465, 2018'd 12€ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[ Original Research Article ] Journal of Ocean Engineering and Technology 32(6), 458-465 December, 2018
https://doi.org/10.26748/KSOE.2018.32.6.458

Calculation of Fatigue Life of Bow Frame of ARAON
Considering Navigating in Ice and Open Waters

Woo-Seong An’, Tak-Kee Lee®" and Mi-Ran Hwang

‘Dept. of Ocean System Eng., Graduate School, Gyeongsang National University, Tongyoung, Korea
“Dept. of Naval Archi. & Ocean Eng., Gyeongsang National University, Institute of Marine Industry, Tongyoung, Korea
“Dept. of Civil Eng., Zentech Eng. Corp., Seoul, Korea

W 2 ddlel| e 23S 13 ol s Ay n24 Ak

KEY WORDS: Ice-going ship ¥ 314 23414, Fatigue life T 259, Ice load W3%, Wave load 33315, Fatigue damage index ¥ &
A4

ABSTRACT: Ice-going ships such as icebreakers, icebreaking tankers, and icebreaking LNG carriers are subjected to wave loads in open water and
ice loads in ice-covered water. In terms of the ship’s structural design, the local ice load is important. The fatigue failure due to repeated ice loads
is also important. 1SO 19906 specifies the assessment of the fatigue limit for a polar offshore structures. In addition, Lloyd’s Register refers to
fatigue damage based on ShipRight FDA ICE. In ShipRight FDA ICE, the fatigue damage indices due to wave and ice loads are simply presented
as 0.5 for each load. It also states that the sum of the two fatigue damage indices should not exceed one. This study calculated and analyzed the
fatigue damage index and fatigue life considering ARAON's voyage schedules and the assumed Antarctic voyage based on data measured during
the Arctic voyage of ARAON in 2010.

1. M = 7] 3] 23} (Ice-induced fatigue failure)2t FTHISSC, 2012). WL
2 Qg A EFAE Ao e #ils B o ole
Wade 2 oaksls 441 Yo ge) A et Mz WO s BT duila FolAM W FEZ AT ALTAN
2L WY gk o AAE AUvle PEow war B AN AN A% AT BASA gkos, W
(Ice load)S WAl ok Walgolgt Walde eashs o]  AS £Fdhe Ak At ApEn T30 Ss AA
A 3 H(Sea ice)oll S MATFRI} v B e deie, A o 7] wWiEolgk & 5 Utk shANE W AbAbEzE Qlkar
A ZAol] Z-83F= A ®3HE(Global ice load)Z =5 20| A A& WatEor Qg 92 & 1A ¥E F
Agsh= 7 H °]"<5‘(LOC31 ice load)2.2 U= 4 QUTHABS, © itk olgt #Hste] 2ol= Ad(Lloyd's Register)2 A
2011). o213 WalEL At 2 Wade L3kee Al Z9] JZE4S Hr1sh7] Y%k ShipRight FDA ICE(Fatigue
dlo] MA oA TSRt =93t} design assessment procedure)S A|Alsle] I ZEg0] 8 J)E
Eg WHlele SATH Aue AMe Raol A xze € Tsjel WalE Uk U] M2 B
2 A7 geE _?43]] e Wolu= FAA =1 Ze  (Lloyds Register, 2011). 12|31 1SO199069 M= FA] =
HalESs ukE o 2 WA =) o]g3l HiREEo 2 olg n) Bl tiF] AZAAE 1HES HAISIL UTHISO, 2010).
Algk fgo] T2 Eo AR olojd + et olAE W Watsol o3t Y Z=Egol] B3t AFEFS A T, Bridges
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Table 1 Number of days of annual voyage of ARAON (KOPRI)

Research and general voyage

Preparation of the voyage and supply

Research General Foreign port of call Base supply
South North South North South North Jang Bogo  King Scjong
Station Station
2010 21.5 21 99.5 29 27 5 0 8
2011 56.5 13 119.5 32 28 5 10 6
2012 44 34 75 32 22 5 21 0
2013 43.5 315 135.5 29.5 355 7 235 5
2014 26.5 37 103 35 21 8 27 0
2015 48 26 95.5 37 19 8 7.5 0
2016 42 25 97.5 32 26.5 8 6.5 0
2017 44 30 126 325 31 55 6 2
Avg. 41 27 106 32 26 6 13 3
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Fig. 3 Ratio of the stresses in the outer plating and the span and
near the frame(Likhomanov, 2010)
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Table 2 Example of the calculation process for fatigue damage index(average stress case at FR. 106 2)

Time o, o 4(Avg) 0,4x1.512  LogN (D curve) N, n; n,/ N, Sum
514.96 28.47 28.47 43.05 7.277658 18,952,115 1,296 6.84E-05 0.0007160
926.78 24.69 24.69 37.33 7.463289 29,059,567 1,296 4.46E-05

1,408.04 26.84 26.84 40.58 7.354549 22,622,927 1,296 5.73E-05
1,580.80 20.77

28.85 43.61 7.260666 18,224,932 1,296 7.11E-05
1,581.06 36.92
1,604.00 22.60 22.60 34.17 7.578571 37,894,047 1,296 3.42E-05
1,606.32 20.16 20.16 30.48 7.727317 53,372,438 1,296 2.43E-05
1,881.44 21.65 21.65 32.74 7.634473 43,099,529 1,296 3.01E-05
2,062.76 37.87 37.87 57.26 6.906068 8,055,041 1,296 0.000161
2,212.04 22.90

24.55 37.12 7.470786 29,565,558 1,296 4.38E-05
2,212.38 26.20
3,468.54 30.38

39.41 59.59 6.854036 7,145,551 1,296 0.000181
3,468.96 48.45

Table 3 Fatigue damage index of frame & stiffener by ice loads

Akttt Table 3-& 20106 E5olA AFeslE 53l A=
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Frame Avg Max
104 105 0.000554 0.000884
105 0.000178 0.000238
105 106 1 0.002137 0.002139
105 106 _2 0.001618 0.010161
105 106 3 0.002046 0.002070
105 106 4 0.000644 0.000697
105 106 5 0.000679 0.000681
106 1 0.002137 0.002139
106 2 0.002939 0.010394
106 3 0.002042 0.002066
106_4 0.000644 0.000697
106 _5 0.000679 0.000681
106 107 0.000797 0.000940
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Fig. 4 Comparison of average and maximum values in 2010
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Table 4 Fatigue damage index of frame & stiffener by wave loads

Frame Avg Max
104s 0.000752 0.000811
FR.105 0.000000 0.000000
105s_1 0.001134 0.001574
105s_2 0.002188 0.002373
105s_3 0.006309 0.006609
105s_4 0.003083 0.004486
105s_5 0.001474 0.001602
FR.106_1 0.001134 0.001574
FR.106_2 0.002188 0.002373
FR.106_3 0.006309 0.006609
FR.106_4 0.003083 0.004486
FR.106_5 0.001474 0.001602
106s 0.000000 0.000000
FR.107 0.002097 0.002118
107s 0.002097 0.002118
FR.108 0.000000 0.000000
108s 0.010656 0.011424

st
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Table 5 Fatigue damage index of frame & stiffener by ice loads and wave loads in the assumed Antarctic voyage conditions

by wave load

by ice load
100 % 150 % 200 %

Frame Avg Max Avg Max Avg Max Avg Max
104s 0.000841 0.001342 0.0024908 0.0026852 0.0084064 0.0090627 0.0199262 0.0214819
FR.105 0.000270 0.000362 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
105s 1 0.002955 0.002957 0.0037576 0.0052124 0.0126817 0.0175920 0.0300702 0.0417095
105s_2 0.002457 0.015430 0.0072492 0.0078602 0.0244660 0.0265282 0.0579935 0.0628816
105s_3 0.003051 0.003027 0.0209002 0.0218916 0.0705382 0.0738840 0.1672017 0.1751325
105s_4 0.000977 0.001294 0.0102134 0.0148611 0.0344702 0.0501562 0.0817070 0.1188888
105s_5 0.001031 0.001035 0.0048834 0.0053081 0.0164813 0.0179149 0.0390669 0.0424649
FR.106_1 0.002955 0.002957 0.0037576 0.0052124 0.0126817 0.0175920 0.0300702 0.0417095
FR.106_2 0.007067 0.029406 0.0072492 0.0078602 0.0244660 0.0265282 0.0579935 0.0628816
FR.106_3 0.003045 0.003022 0.0209002 0.0218916 0.0705382 0.0738840 0.1672017 0.1751325
FR.106_4 0.000977 0.001294 0.0102134 0.0148611 0.0344702 0.0501562 0.0817070 0.1188888
FR.106_5 0.001031 0.001035 0.0048834 0.0053081 0.0164813 0.0179149 0.0390669 0.0424649
106s 0.001210 0.001428 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
FR.107 0.005394 0.008838 0.0069451 0.0070150 0.0234398 0.0236757 0.0555609 0.0352085
107s 0.007802 0.009176 0.0069451 0.0070150 0.0234398 0.0236757 0.0555609 0.0352085
FR.108 0.004028 0.004486 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
108s 0.006614 0.011592 0.0352984 0.0378413 0.1191320 0.1277143 0.2823869 0.3027301
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Table 6 Fatigue life for each case

Case 1 Case 2 Case 3
Ice & 100 % Ice & 150 % Ice & 200 %
wave wave wave
Avg Max Avg Max Avg Max
Measuring point 108s
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Numerical Study on Estimation of Static Configuration of
Steel Lazy Wave Riser Using Dynamic Relaxation Method

Seunghoon Oh’, Jae-Hwan Jung, Byeongwon Park, Yong-Ju Kwon and Dongho Jung®™
"Korea Research Institute of Ships and Ocean Engineering, Daejon, Korea

5ol S o] 83 Steel Lazy Wave Riser?]

HARGY FAo| BY FAAAH AT

KEY WORDS: Dynamic relaxation method &2}°]$H, Static configuration 27137}, Lumped mass model FFHZFE, Fictitious
mass 7HdA®, Viscous damping formulation 8/ 744 A28}, Steel lazy wave riser(SLWR)

ABSTRACT: This paper presents an estimation method for the static configuration of a steel lazy wave riser (SLWR) using the dynamic relaxation
method applied to estimate the configuration of structures with strong geometric non-linearity. The lumped mass model is introduced to reflect the
flexible structural characteristics of the riser. In the lumped mass model, the tensions, shear forces, buoyancy, self-weights, and seabed reaction forces
at nodal points are considered in order to find the static configuration of the SLWR. The dynamic relaxation method using a viscous damping
formulation is applied to the static confiquration analysis. Fictitious masses are defined at nodal points using the sum of the largest direct stiffniess
values of nodal points to ensure the numerical stability. Various case studies were performed according to the bending stiffness and size of the
buoyancy module using the dynamic relaxation method. OrcaFlex was employed to validate the accuracy of the developed numerical method.
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Table 1 Steel Lazy wave riser parameter (Ruan et al., 2016)

Item Unit Hang off catenary Buoyancy catenary Touch down catenary
Segment length [m] 1,600 370 1,200
Outer diameter [m] 0.457 1.137 0.457
Inner diameter [m] 0.406
Dry weight [kg/m] 270 697 270
Bending rigidity [N'm’] 1.66E8
Axial stiffness [N] 7.098E9
Inner flow density [kg'm’] 881
Seabed stiffness [N/m/m?] 6,000

(-2,340m, -1,255m)E X783ttt AHe e AA=E 4, F&
A8, 5% ZHES} ZHAZNS OrcaFlex$} B3t Fig. 79 EA
slom, Blal AI= Table 201 89FFATE of7]A =

jzopt‘

4.1 SLWRe| 7|= MAslM Zut Y HS
Table 19 AAIE A LS o]&3}e] SLWRE] H& FXA LS
T35t Hang-off AH-&(0m, -10m), ZgiL FA A&

Table 2 Comparisons for static configuration

Item Unit Results of DR method Results of OrcaFlex Difference [%]
1, [kN] 3080.264 3081.512 0.040%
1o [kN] 592.951 594.302 0.227%
g [KN-m] -625.794 -623.083 0.435%
M,,, [KN'm] 587.879 587.179 0.119%
0; 00 [deg.] 168.879 168.850 0.017%
Xrpp [m] -1359.541 -1360.398 0.063%
Mrppies [KN-m] 556.847 554.726 0.382%
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Table 3 Comparison for static configurations according to the variation of bending stiffness

Item Unit Case A (EI = 1.668ES8) Case B (£ = 1.668E9) Case C (&I = 1.668E10)
T, [kN] 3080.264 (0.04 %)" 3066.405 (0.064 %) 3000.97 (0.048 %)
Vi [kN] 592.951 (0.227 %) 567.277 (0.386 %) 453.469 (0.055 %)
M, [kN-m] -625.794 (0.435 %) -5927.724 (0.606 %) -27439.516 (0.587 %)
M, [kKN-m] 587.879 (0.119 %) 5686.466 (0.191 %) 42147.454 (0.019 %)
0, 0 [deg.] 168.879 (0.017 %) 169.301 (0.083 %) 171.316 (0.290 %)
Xrpp [m] -1359.541 (0.063 %) -1378.144 (0.113 %) -1406.521 (0.278 %)
My pp s [kN'm] 556.847 (0.382 %) 4749.34 (0.506 %) 20322.152 (1.027 %)
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Table 4 Comparison for static configurations according to the variation of size of buoyancy module

Item Unit Outer diameter 0.487 m Outer diameter 1.137 m Outer diameter 1.256 m
7, [kN] 3224.552 (0.012 %) 3080.264 (0.040 %) 2827.758 (0.055 %)
7, [kN] 598.45 (0.149 %) 592.951 (0.227 %) 6662 (0.178 %)

M, [kN-m] - 625.794 (0.435 %) -1098.243 (0382 %)

M, [kN-m] 552.456 (0.404 %) 587.879 (0.119 %) 523.924 (0.007 %)
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Xypp [m] -665.341 (0.192 %) -1359.541 (0.063 %) -1622.203 (0.002 %)

Myppris [kN-m] - 556.847 (0.382 %) 501.217 (0.207 %)
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Fig. 9 Comparison study according to the variation of size of buoyancy module
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ABSTRACT: In this study, a new numerical modeling system was proposed to predict oil spills, which increasingly occur at sea as a result of
abnormal weather conditions such as global warming. The hydrodynamic conditions such as the flow velocity needed to calculate oil dispersion
were estimated using a three dimensional hydrodynamic model based on the Navier-Stokes equation, which considered all of the physical
variations in the vertical direction. This improved the accuracy compared to those estimated by the conventional shallow water equation. The
advection-diffusion model for the spilled oil was combined with the hydrodynamic model to predict the movement and fate of the oil. The effects
of absorption, weathering, and wind were also considered in the calculation process. The combined model developed in this study was then
applied to various test cases to identify the characteristics of oil dispersion over time. It is expected that the developed model will help to
establish initial response and disaster prevention plans in the event of a nearshore oil spill.

1. M = glele] A 2010 WAZ The] HAE Selo]E& Hf{AIF

Aol ket s/ AR 7[Eo] fEE I Y

H= 9] E,Lxﬂﬁol woFo] =ylz tg Aule] Ql&gle]  HAIZE IS|E F Aol om, 2014 o]kl ofde}

AA Z7lsla Q= AR oA WElg sl ok @ sk E QT AXE SHHoA FEAIT TSk sultt 2lE
A F ol A2 9_%‘%7;—__1./] 2 u s s BAEkT Qe A ool JIT XYl FEHIAUTE AT YENAE 19979142
Jo|TtKXie et al,, 2017). 1995 HFFE AFolAE= A7 145t € & FF0] d duolA HERTE2Z AR Feid Y

B frzA NZA2T7L ol FUE|HA 53] Eo] 7|8 Aol #2A URIIETF H=stuA 62004 Eo] IS T

o] nithol] f=d Ho] glom, 2007 delE A&l Bigt gujriel] 7 FESHUT AL WA AF QAL thshe] FStATr el A

M EF AR GzA o] AxEl To9) AAEA 2459w ZULE Uit AtEoe] del AMEHI e tEA<

1307 2ESEA 24 B AREe] W 192547 3AH S A POM(Princeton ocean model)S ©]-8-3}

7‘3;1_?41—:1,] 27} glok ol Flg o2 §=Eo] ojejo A FAEALE Rt T o|5ARE 93 v AUrk(Yohei
£ 7Ed AGUEA Azet B4 FeE g3k et al, 2007).

01 2o = 2010 AA4F tiAbErll A 2] B3] MR E O olER, 2 & T HFREAIE A wid LAy}
2] grol @ A7k o F9k 7]Bo] §EF vl 9on, 2014del= 3L loH I BAYSHE AEiARERE ofdet I FRIES] A
Sk o222 FAoA BT o] A <F 3uk wjP@4,767 Al AZEE ARFololA HHidE £ A e ekt
22 2E) A= 7|20 H&HE Aol Utk FAl FEst=E #AlE FANLlA ZAE ol A=

Received 8 October 2018, revised 23 November 2018, accepted 13 December 2018
Corresponding author Sangyoung Son: +82-2-3290-4865, sson@korea.ac.kr ORCID: http://orcid.org/0000-0002-2819-5140

(© 2018, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

474


http://orcid.org/0000-0002-2819-5140
http://orcid.org/0000-0002-2819-5140

Oil Spill Simulation by Coupling Three-dimensional Hydrodynamic Model and Oil Spill Model 475

A
A2t @ A5 A ilRde) Syl Baste, o2 9
Bl §EF) F 2 SEel o o5ulel 4
3]

9 dlZo] Wasith A% qFed AL PN A
£ AT B 45T 5 e 2y Ago] HAHOR o
Foj ok gk

% .
TS it A3 A= AF7H] TR H 0 & okt
H ST Lee et al.(2000)> PIV(Particle Imaging Velocimetry)
HE o] 83t fAo A s & U= 7HE &
Hl7F 91.2™, Jung and Kim(2008)-2 #3242 8-S o] &3k

x
5 2 FEt dSA 28-S AAIBFATE Kim(2011)2 A
33} o] 2ol ZAS d|dute] HIAELEEE o] st ol &gt 7]
25tk G ZHPES A ABFH 1, Cho et al.,(2012)2 A4 2]

AP A S Agete] dlgdlA e FREts o5k
A AAE fFR-E Tt Odd AFE0] FREHAT
(Chao et al., 2001; Chao et al., 2003; Dominicis et al., 2013a;
Dominicis et al., 2013b; Gong et al., 2014). L&Y} 7|&2] o]k
ATFEL o|Ft BoF &S T3] st TA-Ed

22k RS ARgShAY et 7ol 3akd Ry S A8k

B A5l 3494 AFE Relshzd] o2 717 Alete] 9}
ek

B Q7o) BEE 349 559 R ARAERYS 2
Fotol P A FEIE FRY 2] FUE AFY 5
e EFL AT 0B BEHA FRABAL WY A F
% 0 AFALE G B AFS FAE BA A5
Zoleh. o & B3l AZFAT) 0L F AusGe] AET F
A R A2} Fsek Ak w9, sleba 2708 Fa
A, B, ALY TslE BT FF FRAEAD
WY A BEEHOE YA F UE A THNE vk

skt 288 5 Sl
2. TR =2E
2.1 3xel RE& SHAZE - NHWAVE(Non-hydrostatic wave

model)

FHHOE el WS FFAE ol SsS

N
'
H.u =
ok
Ta
N
3.
7 ok %
ol
AN o
1B
j; tlo
ot %%
o ¥
oo X

o H of Wi ox 2 |1
b o
S ok
o dfu

o
o2 —
o (o
tlo

N
&é‘i =
o
B
mr O
of A
r: 5
oflt M
(g e
o
%k

o
¢ fo
_0|_1‘
rlr

o 18
o

2

il

4

(6]
2012)2 Navier-Stokes W4 41-& Aoz A8l T

7} o] Uepd % 9lt

ou, 0 )
ox;

ou, ou, 1 0 0T ;

T e T @
ot °ox; P ox; ox

t=t,rz=x,y=y, 0= 3)

SA7VA, e 54, Dlh+n) o-R3EA WIS 918 Hold wiet
R SR ] AAFA, g SRS UERAT(Ma et al,
2012), webA, 2 ()7 4 2 Thet o] tkekd 4 itk

oD  oDu  oDv = o
=+ oy @)
ot ox oy oo

oU  oF oG  oH _

q7]A,
Du Duu + igD2 Duvl wuw
:[DU], F= 2 , G=| Dvv+ —¢D?|, HZ(U'U}] (6)
Dw Duv 2 ww.
Duw Dvw
=9, S, S, SE 47 FAus), o 9 Apedd @
Z2-o]H Ma et al.(2012)°14 ZHAIZF &S ZHS 4 o} &
A AfFE ge thed 2ol 4 9E o=0%H o=1714 F
=]
hind

she] A4k 4 9t



476 Tae-Hwa Jung and Sangyoung Son

oD 0 1 0 1

2 @5) 2 A ©°) FRALRT FRARRL 2§31
A3 FaAn GHgel Ao FYol AXHE Afsw
AAEAE A & 5 /7] wiol Ao el 4y
@e Adslgon Urlx wsge Ael F9o] xgth

st Alststdnh, 2l Aol 2 order Godunov-
type FIHAAHS gt o A AollX Y {FFS A
$18kd HLL approximate Riemann solverg A3l THMa et al.,
2012; Ma et al, 2013). Z9le] WH2S & o ot g2
ZoE A& AHgSt Tk om, o] A B AAAEE W
Fx3 9 ~ZA AAZS NdE At A28t THLarsen
and Dancy, 1983)

shkol A% Gedol Pt wEel 339 B e
5 Aol 43 ke Azto] 288t o)& F8317] 93

o] High performance preconditioner HYPRE softwareS =@l |
431 MPI(Message passing interface)E ©]-8-3F A7} 7}
SIEE ST

22 RF 7= stM=EY- GNOME

FrERdolA AN F&7 dF 5= A¥std /7
FEs BT AFFEREL 7|EH OS2 Lagrangian HEES
ZIRko & gtk ol& /R 544 olFe] WAHAUFEe] -‘F’r-rer?ﬂ‘
78] olFo & 7dE 4 7] wiEelth oA W E= F
Fo o)F ¥ &4k Eulerian 71¥He] 5523 Lagrangian 7|

Al

W] fFRAEREY 28-S B8l A5 & Atk £ ATl
Ferdy A3 FRFEEFSZ TS Office of Response
and Restorations(OR&R)<2] Emergency response division®l|l A 7'
ko] A8 F<9] GNOME(General NOAA operational modeling
environment)= AH8-5}%] THBeegle-Krause, 2001; Zelenke et al.,
2012). GNOME thFgt F/-o fR-fZol tiall ol 4}
¢ D R 55 BT ¢ UEE AbE ZEI3oth

GNOME®NA 7 UAke] ol5(Ar, Ay) At At 5%
o f% 2 F& SOl 93l ZA = 1% order Runge-Kutta UH
& o] &3t o o] ALtdTt

u

111,120.00024 v
— A, Aym——————— A
oS (y) 12 Yy ¢ (8)

= 111,120.00024

3714 111,120.00024= Y= 159 s|g3l= nE] ZolS ojn)

st olujAut FAstta 7Rt ke 4 (9)9 o] L
FHR LA 2E o] 83t Bogitt

oC_ s a*C a:C

o = DVC=D,— 4D, o ©

A7) = frRel FEE UEE D, 0= A2 5y BE
47148 o155 Random walk o] o] 7]4he shn] T3
2o 7% %

10, 10,
D=5 A DT oA (19)
71 A
ﬁf“ 2 g A HZ/A“ Vg AV an
g ny 20T 3 vJ A, 20y 3

. D
— A
6107000 t 6 D

"111,120.00024 10,000
=TT Ay=dy———
s (y) ’ Y= W11, 120.00024 (12

At

( -4 [ —t toy =2 -t b =2t

pl2™ -2 7 )+P(2H‘72 o )+P,(2H‘*2 K )

x,,- 2 e (13)
P2 ‘+P22 P2’

A, PE FRE T A 90 T S eIt

e 74 AR Wr)g ojmsie 2izke] fRol sl the

Table 1 Half-life of various pollutant materials depending on the ratio
of constituents (Boehm et al., 1982)

Half-life of
constituent [Hours]

. Ratio of constituent
Pollutant material Ou
of concern [%)]

P, 50.0 0.12
Gasoline P, 50.0 53
P; 0.0 1.0x10°

P, 35.0 53

KeJr;se;ﬁzl& P, 50.0 14.4
P, 15.0 69.2

P, 30.0 14.4

Diesel P, 45.0 48.6
Ps 25.0 243.0

P, 24.0 14.4

Fuel oil #4 P, 37.0 48.6
P; 39.0 1.0x10°

P, 22.0 14.4

Medium crude P, 26.0 48.6
P; 52.0 1.0x10°

P, 20.0 14.4

Fuel oil #6 P, 15.0 48.6
Ps 65.0 1.0x10°
P, 100.0 1.0x10°
Default P, 0.0 1.0x10°
P; 0.0 1.0x10°
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Fig. 1 Schematic flow of coupling method of hydrodynamic-oil spill model
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Fig. 4 Simulated advection and diffusion of oil spill over rip channel for 48 hours (Horizontal and vertical extent of domain are 560

m and 640 m, respectively.)

(a) No weathering

Fig. 5 Simulated advection-diffusion

(b) Gasoline

results depending on various types of oils (after 24 hours)

(c) Diesel
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~

(a) 0 m/s (b) 0.1 m/s (c) 0.5 m/s (d) 1.0 m/s

Fig. 6 Simulated advection-diffusion results considering various wind gust conditions (after 24 hours)

(a) 0 hr (b) 6 hr () 12 hr

(d) 18 hr (e) 24 hr

Fig. 7 Simulated advection-diffusion results of oil spill from two point-sources
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Fig. 8 (Left) Observation points of buoy at Cheonjin Port and (Right) simulated current speeds (Horizontal and vertical extent of domain

in right figure are 700 m and 800 m, respectively.)
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Fig. 12 Simulated advection-diffusion results of oil spill from three point-sources at Cheonjin Port
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(a) 6 hr (b) 12 hr
Fig. 13 Same as Fig. 12 but considering wind gusts
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Study on Wave Reduction and Beach sand Capture Performance of
Artificial Coral Reefs for In-situ Application
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ABSTRACT: Because of the increase in coastal erosion problems, many studies have been conducted to prevent coastline retreat by developing
low-cost, highly effective countermeasures. We developed the artificial coral reefs (ACRs) method as part of this research trend. To wverify its
coastal protection performance, we carried out performance tests on its wave attenuation and beach sand capture ability, which are the key
barometers for this newly developed technology. In this study, three different types of methods, including natural beach, TTP, and ACRs, were
used to determine the coastal protection efficiency under both ordinary and storm wave conditions. Based on the results of this study, ACRs
were found to have the best wave attenuation performance and captured more than 20% of the total erosion area. This means the ACR method
can be applied as a reliable countermeasure to protect a coastal zome.
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Fig. 1 Materials and structures for the experiment
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Fig. 2 Experimental setup for 2D experiment (Note that we rescaled the scheme for better understanding.)
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Table 1 Results of the wave analysis
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Fig. 4 Decline tendency of wave transmission effects under storm

wave conditions
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Table 2 Results of the topographical analysis for each experimental cases

Total beach

Efficiency of erosion

Volume of captured Efficiency of beach

sand erosion reduction beach sand sand capture
(AV, Cm3) ( 'ER> “) (Vﬂb Cm3) (E(" %)
(a) T.T.P under
oxdinary wae 29,142 1143 - -
(b)s Jﬂz 'szi‘ser 41,394 54.24 - -
(f))r dﬁgjjs izseer 28,260 34.71 6,776.7 23.98
(d) ACRs under 28,693 71.00 10,179.3 35.48

storm wave
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Variations in Tribology Factors of SM45C by UNSM Modification
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SM45CA 2] UNSM A gld| o3t EglolE&#] &4 W3l

AR - AARETT AN L ofope R
SRR LTI P st
"R 7)A g
T AREAT AT
g A7
“pEieta 714 g

32

KEY WORDS: Tibology Egto]E2]A|, Press die Z#H|2 53, SM45C, Surface hardness EW74%, Ultrasonic nanocrystal surface
modification 283 =¥ M), Friction coefficient "HEA| 4=

ABSTRACT: The following results were obtained from a series of studies to accumulate data to reduce the coefficient of friction for press dies
by performing tribological tests before and after the UNSM treatment of SM45C. The UNSM-treated material had a nano-size surface texture,
high surface hardness, and large and deep compressive residual stress formation. Even when the load was doubled, the small amount of abrasion,
small weight of the abrasion, and width and depth of the abrasion did not increase as much as those for untreated materials. When loads of 5
N, 75 N, and 10 N were applied to the untreated material of SM45C, the coefficient of friction was approximately 0.76-0.78. With the large
specimen, a value of 0.72-0.78 was maintained at a load of 50 N despite the differences in the size of the wear specimen and working load.
Tribological tests of large specimens of SM45C treated with UNSM under tribological conditions of 100 N and 50 N showed that the frictional
coefficient and time constant stably converged between 0.7 and 0.8. The friction coefficients of the small specimens treated with UNSM showed
values between 0.78 and 0.75 under 5 N, 7.5 N, and 10 N. The friction coefficients of the SM45C treated with UNSM were comparable to
each other.

1. M =2 ING A8 Wz Al2="loll AHSE T Qe WRHQ Age
YA o] Hold B ¥k ol 834, WAA, I E R &
N3} AA7}~(Liquefied natural gas, LNG)9] &2 INGe] — 24%, 12]al SA A Qd4do] Folok girt o] thEz<l
%S 93 Loading® Unloading®] ¥HE-O 2 111K(-162C)olA  AEE 9% Nid# 2B EAl 2B|JE27HSTS 304L%)
HRESLE-S WA Foh w3k NGO At dixo) wE $-F 5o &HA JATHKim et al., 2011; Kim et al., 2013; Yu et al.,
22 Sloshing(£5)0leh= 44452 &7fol o3 kel 2013; Suh et al, 2016).
3k SlollA RE T 85 @ 1te] Bl o) 9 TE FE5BE HEH R LAUPFAA AFE TtEs =Y
B ¢)(Membrane)®] &g WAE7] 98 Hugld FEe LS AF ABEE AASH] A8 F=2 144 TA°l T8
Ax)e=t] o] F2& FRAA Y 27RO R AFAHChun M, ©l¢} Fdste] WriAd s npEAlge] i) o7t &4
et al,, 2009; Kim et al., 2010; Kim et al., 2011). Wgel A3} FEEojof Srf(Amanov et al., 2012; Amanov
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et al,, 2014; Gim and Jeong, 2007; Jeon et al.,
2015; Pyun et al., 2012; Suh et al., 2016).

wEha] B Aol A LNG Auke] A ste} kA e
A ole] sy el yEHSQD &A1) STS 304L0 thet +
4% o8 EAdE AARNFY JFE EgelEYA
(Tribology) & Q1 &l A BI7IBIESE 3t & FE4Es<d &
AE s LAHFER FATLY %EE 3AXY, & 584
A, E=HE, S LA 019 &2, 589 #H 131 ol
A FEFE A "

2 ATolM e FE4988 3o EaAE e 2ol nf
ol ojd FIFE WX=A AR Slal EftolEe]A Al
de AAst HA o RATHS =33 98 dTE

2014; Lee et al.,

]

SAsE 2 Wua 4% 29U SMISCE AHESH
of EgfolBeA Qe WalE TRSRA Z&hirEw)

Z(UNSM, Ultrasonic nanocrystal surface modification) % *]2]
213 EgfolEEA] A7) ezl mE ntEAe &
WSS AERTE o e HRYRl FANASY AESE 4
4318 = Qe S ZUAHE YT £ =S
AR2E FZ3tA It Amanov et al., 2012; Amanov et al.,
2014; Gim and Jeong, 2007; Jeon et al., 2014; Lee et al., 2015;
Pyun et al., 2012; Suh et al., 2016).

2.1 UNSMX{2|7|=2t &H|

Fig. 1(a)= £ A7l A&-E UNSM 7]
£ YERJITE & Fig 1(a)2F 2] 52K Tranducer, 20kHz), &
)\Ei(Booster) E(Hom)2.2 Hof9ly, &o] Aetol= E(Ball)3
S 39N A F= ER(Tip)el Atk dArkg <50 UNSM A
g)E 3 Fig. 2(a)¢t 2ol Y FHRo| HH, nlo|a 2 I
(Dimple)(Fig. 1(b), Fig. 1(c))°] AA=EHA D& &S FAsl=

&8 Aol THRL

2 zF Aol YehA Ha, o] 9L Avkgl xHET
77 7)(Surface roughness)”} 7=} =3 é?— Hol| 123
20,0008 o] BAE T FEHxZ o] v 25K (Nano

structure) 2 F| 31, EHA S} FAEH, 23 2L AE5F-3Y
(Compressive tesidual stress)©] EHol|l FAETHAmanov et al.,
2012; Amanov et al., 2014; Lee et al., 2015; Suh et al., 2007).

Table 12> & Aol AHE-H UNSMA 2|z R 7] 22 50
oJated SM4sCell 78 Ajel =18 AEsith Fig 1)
UNSM A2] $2] SM45Ce| /NS SEM(Scanning electron
microscope)AH 0.2 R AQ 7 £ FuAdA BE
g = ok 7FEREE L oF 2.6 um(270 9] Btz o) 3FA 0 1041
umo|EZ 47)2 He Fholth Fig 1(c)= 3DE T3 AFM
(Atomic force microscope SPA400 Japan) AP S 2 3 9] 2%
< umTHo)F, Fo] FL& mmE HS5E ARt 74 T
220 UNSMS] 71&-&2] 9 Micro dimple2] 542 =o] Fol
Al g g th

UNSM #2212 Table 13} AR 288152 30N, 40N,
S0No.2 ZEjatiA 37kA] 2102 UNSMA 3] UNSM-
30N, UNSM-40N, UNSM-50N2.2 A 3}53 T}

’ Bogster Headstock of CNC Lathe

Transducer

’[::_ 6 X

Generator
Generator

Hor!

Air compressor

Alr Compressor Guide unit

I Fixture unit

| UNSM system |
(a) UNSM equipment

10 7.5 5 25 0

(c) 3D of Atomic Force Microscope (AFM) after UNSM treatment
Fig. 1 UNSM equipment and micro forging traces

(a) For CSM tester

(b) For TE77 AUTO tester
Fig. 2 Configuration of the test specimens
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Table 1 UNSM conditions of SM45C

Table 3 Tribology test conditions of SM45C

Fre- Ampli- Horn Feed Speed Load .Ball
quency tude speed rate [mm/min]  [N] Diameter
[kHz] [4m] [mm/min] [mm/rev] [mm]

20 30 3,000 0.07 2,000 30,40,50 2.38

2.2 SM45C2| Al&Hut ERlo|S2{X| A&

2 ANFA AMES TtEAIFEHL Fig. 2(a)2F Z2o] 20x20x
5mm 3719 HAZAFE(Fig. 3(a)2] A1@718&S 22 AgHolzt
A%k} Fig 2(b)9F o] 38x58xdmm =712 A (Fig.
3(b)8) SMASCA] AlEFHS Z AldHolet AeHa, AgH
9] g E BEA4X & Table 294 2T

Fig. 3 Tribology experimental apparatus

Table 2 Mechanical properties and chemical composition of SM45C
[wt %] (UT = 625 MPa, YP = 530 MPa, Vickers Hv = 210)

C Mn P S Fe

042 ~05 06~09 <0.04 < 0.04 98.51 ~ 98.98

obz - b A ge] A Table 39 2T, Fig 30 $BA =
Sol2elx] AW7)E A8 AR EREEE SMASC
AAPVE F cAvistel A8t

ol¢} o] zZLe AFHLE Fig 2@t Zo] VA FFe

Specimen Load  Speed Stroke Time Counter part ~ondition
type [N] [Hz] [mm] [min] (SAE2100)
Small 10, 75,5 25 15 25 d=5 mm  Dry
Large 50, 100 2 15 30,60 d=10 mm Dry

UNSMA & 3 9o, AlFHA 170l o8 279 AP Al
e = 91, &2 5N, 7.5N, 10NoIA 2A8FA T Fig. 2(b)9]
2 ANEAHS 121 Tk AJo] 7Fsstd, E& ol wet 50N}
100N 4] 1,8003(0.5h)3} 1,200%(0.3h)ollA] Eglo]E2=] AlF
< AAET

2.3 Alga|

B Ao AHEE EgtolEE A A@AHIE Fig 3@ 2ol
ZFe AP H-8(CSM Instruments, Micro-tribo tester, Swiss)Z} Fig,
3(b)et Zo] & AEHE(TE77 AUTO, Plint & partners, England)
< AH83kTh

A ARNE SAHs] Sl AT A API(Mitutoyo
SJ-210, Japan)& AHESIA M, BEE FA8L7] 97 HIF 273
E7](Mitutoyo MVK-E3, Japan)$} 23974 = =4 ZAH|(Wolpert
Testor 2000, Instron Corp. USA)E A3} Micro dimples&
F8l7] fall AFME AH&SFTE 12] 3L SEMARRLS- FE-SEM
(S-4300, Hitachi, Japan)ZH1E AME-glom, nfmme] A2 &
WX e d4 =4 A (Surfeom 1500 sd3, Japan®} Form
Talysurf PGI, Taylor Hobson, England)& Z}2} AR&-3FATH

3. Al 2ot o DH

3.1 SM45CR{2| O|AMz|AH2t UNSMAZ|ZHS| E2to|ZHX| E4

3.1.1 &9 A2r] ds

Fig. 45 2 AgHoZ 714 7153 deldl miA =9t
UNSMAZ]A] 37}4] 9] A AZ7]E vlaste] YeRHIT Fig.
4(a)= BT AZA7] Ra°)1L, Fig. 4b)= AZ7] =0 Rz, Fig. 4(c)
= AA DataZ =5 ¥lud A& 2% R gho) /M F&
njo] 22 Wzkckz 2191 UNSMA 2ol ojste] 471 &/dolth
olu], mlA Ao ==} 7P A1, UNSM A 2|A] Sl A3t
%2 A 3 UNSM-50N¢] Z%7} UNSM-30N# UNSM-40N¢l]
H|gle] 3m, Al wel Ravt A2 APH o2 Zrlshe 7
& YERATE o] A mFol| Rz9] AAY] ol Huigks JEk
02, HT RaRTh AE|o] Aty Hrehe Aol

[95]

12 A=x)2] W3}
W A% Fig. 59} o] UNSM 2] Zl(Hy, 210)3.tF UNSM-
30NQ! 739 225 7.1% “3%3F59 3, UNSM-40N-2 228 8.6%,
UNSM-50N-2 2242 6.7% ‘3= At wehA] 3714 & H+#std
75%9] Feads de F Utk

ol21gt Fig. 59 HEX]9] W=l UNSMAgetd =+
EUAEIE SVl Agom JUIEE A9rE It et
7ol mpet SRR At opya, Aslddo] A EH

73
73

#
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ORa

Roughness
o
o n

]
Untreated |
UNSM30N ]
UNSM40N ]
UNSM50N ]

(a) Comparison of average surface roughness Ra before
and after UNSM treatment [unit: xm]

6 r BRz
%)
0
c4r
<
(=)}
32
o
0
-] p=d P4 =z
] =] o =]
] ® < n
o = = =
- (%] (%] (%]
< z z z
> =] =) =

(b) Comparison of average surface roughness Rz before
and after UNSM treatment [unit: 4 m]

ORa ERy MRz

N |

(c) Comparison of Ra, Ry, and Rz

Roughness

O B N W b O

SM30N
NSM40N

Untreated
UNSM50N

U
U

Fig. 4 Comparison of average surface roughness Ra, Ry, and Rz
before and after UNSM treatment [unit: 4 m]

ZAEX7} BoiAl= A7 AR o] AAE AER]
o 232 AEAE-E AADAIRE Fig. 59 22 AaS
o Bve] mAg AEXe] Hal= SHA ¢ wel =4
HAlE= gl AZIAY, dojus= d44©F HRB(Brinell
hardness) A @l A= o]# A2 qliTh

Fig. 5(b)= & AEHCE 7FE]E SMASC BAJ9} o] ZA| o
UNSM-30N, UNSM-40N, UNSM-50N9] 37}4] o2 EH |
29 nEAEAH ¥ AL HR,E ZAste] vlud Ao
t}. o] 1ol X ZAHRT} UNSM A2l Ae oF 24% Z7s8ke

e fo
fr 3@ o

275

N

N

w
—>

Hardness (Hv)

Untreated UNSM30N UNSM40N UNSM50N

(a) Variation of Hv hardness depend on UNSM load

98
aI‘E’ge i N SM45C
E’ # UNSM-30N
e UNSM-40N
el
é 94 ® UNSM-50N

\
92 - & -

(b) Comparison of HRb hardness for untreated and
UNSM-treated specimens

Fig. 5 Variation of hardness depend on UNSM load

AR JERILITE =S 3717 UNSMAIS] Hahgol o) A
A ghgit). o)d @ AEAs AR 249 sl dER
o] B4 S Agyel akn Rus gk

LU

3.1.3 ulH A2 5ol e vEA S W

Fig. 6(2)& Fig. 3(b)2 AHE ARS8l sSM4sC wxe] A<
Z APEe R EffolEYA AP AAE ARt wet mpF
A7t Wskel= EHE JERARITE Dry 202 1,8005714]
3l% SONZ AAS o) nlzA|Se] WstZo] AZ AT 0.783
S FAEYI, 100NNAE 0.72:0.00) 78S FA3IATE Fig.
6(2)2] AS= 3% 100N, 50Nl ok vhahA|4=<1E], UNSMA]
ZE ZH)E tiE & B AoiAY] FEEFY 540
T T Amanov et al., 2012).

Fig. 6(b)= Fig. 6(2)¢] A3 AHE PO R FAslo
Al Zae sHEEE vl *S‘h 3% S0Nell Hlsked 100N2] 3}
ZFo] A& wo] FA Fawo] oF 17% TAsITh oA
SM4sCAl9} 22 Aol Y& AFolA s1F 50Ne HIsle]
100N9] 3}zl 2o5te] mlx Ao Ueh= BEHQ 713743
FHaro 7 Aoy},

Fig. 72 SM45CA| 2] mlx A e] 22 A|gH & AlPH v}
Ao} shezATe BAE o2 ZR Blug Zlolth &
Zhe Al Tl Al o] rlEAlE B1F0] SN, 7.5N, 10N] A4
A= ¢F 0.76~0.78 HEZ AL] v A UERSAL, & Al A
+ Fig 6(a)9F 2] sk 50N = 0.783-2 41593, 100Nl 4]
£ 0.720.0)3S FRIsk, nlRAE 2-gslFe] F7]9] 2o
o= E73laL 0.72~0.789] I3t nEAFE YERNRIT

41:
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2
g 0-8 .'_'A_‘ "‘v__"—v hd e -‘A"" ‘“
8 { — e st PSSPt
o
c 0.6
2
5
e 0.4
0.2 —50N |
——100N
0
0 500 1000 1500 2000

Sliding time (sec)

(a) Variation in friction coefficient of the untreated specimen
as a function of reciprocating sliding time at a normal load of
50 N and 100 N under reciprocating dry sliding conditions

0.05
@ SM45C
Vo004 }
o
— 003 |
=
D02 }
)
; 0.01 - l .
0

100N
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(b) Variation in weight loss of untreated specimen

Fig. 6 Variation in friction coefficient and weight loss

0.9

I Untreated
0.8

0.7
) E
0.5

N=10 N=100
Load (N)

Fig. 7 Relationship between friction coefficient and normal loads

Friction coefficient

3.1.4 UNSM Ag] 213 st o8 242 A9 vpdA
o] £A Wzl

Fig. 8(a)¢} Fig. 8(b)= 22 AW E Edo|EHA APt
A AFE vied ADEZ np@AFE 2A3 A9E 94
3 Zlolt}. o] ¥ 18-S UNSM-50NZ} UNSM-40N A &A o] A
A= 3hFol wat oo ztolE loj® mEAIFE 0.75~0.84F
ool MB3AA AZ Hl5g 54 YeAUT

Fig. 8(c)= Fig. 8(a)¢} Fig. 8(b) &= AEE AMgste wpdA
o] AslE oz vug Aol oju wpEAST) &
At AR ghe HT HE HdYstRon, 5] 75N
7 5N A= vEEAISTE 0.77-0.78 Atol] #hE BGTh o
714 Aol vlwste] 22 vtRAEH e 2g3)Fo] 5N,

SM 45 C: tr. L-50

Load: 5;7.5; 10;
0.90 . v v
] ' " |=——8M45Ct.'L-50 N-5
0854 o SM 45 C tr. L-50 N-7.54
’ ——SM 45 C tr. L-50 N-10
0804
g
5 0754
= )
§ 0.70
=
2
3 0654
o ]
0.60
0.55
0.50 T T T T T T
0 5 10 15 20 25
Distance, m
(a) UNSM treated specimen at 50 N
SM 45 C: tr. L-40
Load: 5; 7.5; 10;
0.90 T T T
] ——SM 45 CL-40 N-5
0854 ——SM 45 C L-40N-7.5
= SM 45 C L-40 N-10
0.80
S
5 075
= ]
§ 0.70 4
=
2
32 065
= |
0.60 -
0554
0.50 T T T T T T
0 5 10 15 20 25
Distance, m
(b) UNSM treated specimen as 40 N
0.79
N Untreated
£ 078 ® UNSM-30N
K] H UNSM-40N
9 UNSM-50N
& 077
7]
<]
o
c
5 0.76
=]
2
L 0.75
0.74
N=5 N=7.5 N=10
Load (N)

(c) At a normal load of 5 N, 7.5 N, and 10 N

Fig. 8 Variation in friction coefficient of UNSM treated specimen
as a function of static loads 50 N (a) and 40 N (b) at a
normal load of 5 N, 7.5 N, and 10 N

7.5N% 7%= 10NET} vpaA G577} 718k 43S Yel]
A9k 10Nl M= A7 daske A Jepiiy. 53
10N9] 9= 75N Ho} 3.2% 7HAshs 43S Uehdot
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3.1.5 UNSM A& 243} 3150l W& & AlHe] vpaA4=9
EA4 dsl

Fig. 9(a)$} Fig. 9(b)= A3HES 30N, 40N, 50N9] 3714 =7
O Z UNSM A28 UNSM-30N, UNSM-40N, UNSM-50N2] Z
A &@H ) Fig 3(b)e] A& ARE 100N 50Nkl Egfo]Eg
A N@ste] wpEA et Azt IAE 242 JERITE o]
Egjo] B A AFAFA A 3714 UNSM HEAl& 3F5e] &
100N2] 7497} wpaAI 7} 0.70] 33893, SN -9+ 0.8
o] % ¥ UNSM-3ONAIE vRaAIS7) 9t st b
H Age YA wEbAd Fig 8(0)2 22 AlgHe] mh
Ae] EAF st 2 APEL 07082 ¥t AFS
Uehd Aot} o3t npEA|ge] £44-2 UNSM Aol whE
B 9%k AR AREAF vhd F3} Zlojoz Aol
AL Ao o dEh

SM45CA| ] =] 2] A) Tk UNSM 2] A<} U}ﬂﬂlﬂ} 43}
= 7o) ARt Fig. 8(a)<t 2ol vhaAg e wpet 18R] e 7
E3FAth o7 SM4sCAI7E THE AT AFES] F8AR

o} Asta Wgo] & = AR EAA A= AR o
=t Amanov et al., 2012; Amanov et al., 2014; Lee et al., 2015).
277} o] Az e 2F Yo = UNSM A Este] EgfolE
A AlFsHA Fig. 103 2ol npEAS7) vlA 2 A= 0.6~0.68,
UNSM AHZ|AE 0.5 ~ 0.552 H Atk A7} 2ol A A0
= UNSM X2l 837} AA T & AT AMgdE A% A8l
SM45CAlll= 1 &7} AR GUTHGIm and Jeong, 2007).

H
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(b) At a normal load of 50 N

Fig. 9 Variation in friction coefficient of UNSM treated specimen

as a function of static loads 30 N, 40 N and 50 N

Dry condition

0.7

0.6

0.5

Untreated

e NS

Friction coefficient

0.4

0 1000 2000 3000 4000
Sliding time (sec)
Fig. 10 Comparison of friction coefficient before and after UNSM
treatment of carbide hardened materials

Fig. 113} Table 4= Fig. 99] A8 S 94 o, = SM45C =LA
o] UNSM &9 3714 271o=2 zmg 2 AEHe] Egto)E
2] Aol A 1,800% Fo| £ Zads sigHEE AHue 2
Tolt}. o] AgellA FA3HE 50N ZRETH 100N] Z1o
Al whREFo] oFE ZHASH o, whE k] Abole A oM, Fig.
6(b)S] P AANAME 22 FAfo] AATE olHF FTF TAa
Hgol| W g2 SM45C A EAF nfEZ 3} npEZlo]
Wslel Aol 3B E 316004 T AESITH

0.028
0.024
0.02
0.016
0.012
0.008
0.004
0

Weight loss (g)

SASS SoSS
FFFTF S
s 8

Fig. 11 Variation in weight loss of UNSM treated specimen

Table 4 Comparison of weight loss of the untreated specimen,
and UNSM treated specimens

Weight loss [g]

Specimen

50 N 100 N
Untreated 0.0171 0.0142
UNSM-30 0.0224 0.0180
UNSM-40 0.0234 0.0189
UNSM-50 0.0252 0.0179

3.1.6 PR A3} viE Zlojo] w3}

Fig. 128 22 AgHos AN EgolEd A g Ax
£ vk 72| (Wear track profile) &2 A3+ Zolt). u)x]g]#) 9}
UNSM A2 A| 37FA1E SAloll YERSLaL, o] 5ol A vhee]
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6 I ] L} L
4- SM 45C tr. L-50 s
€ 2 V.
£ ;
o S 2
-8 0+ PR
~ Ny
© i .
9 ¥
T 2 !
3 g
2 U — SMasCuntr, |
4 Ni |~ sMasCr.L30
vl = = —SM45Ctr. L-40|;
——SM 45C tr. L-50
-6 ] ] ] L 1 ]
0.0 0.5 1.0 1.5 20 25
Wear treak width, mm
Fig. 12 Cross-sectional wear track profiles of the untreated and

UNSM-treated specimens

SAMPLE-3 - P/10.050mm/LS Line
50N 10 1mm/Adm|n/PGl Old

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Y ]l T T

Y lv

| 42 43 44 45 46 47 48 49 50 51
millimetres
Reference Point Difference
X 47.5775 mm AX -2.2300 mm
Z 24.7365 um AZ -151.2426 pm

PV 153.6276 pm Pitch 2.2351 mm
Fig. 13 Sample of wear depth by Taylor Hobson tester

o] g5 4 JeEATE 13mmellA 1.5mmAte]
R A e Zlo)9 gro] sk ofu|= 13} rfEAZ ol 2
A7 @golth. F7HE ntRAA S F7FeHE 11 Fo] HolA|
Aol o=k

Fig. 13 3& Eg}o
11¢] 2= o, 5

bl
=

20
&

2 ds 50NZ} 100N3tll A AAE A FE A
AZA7] &4 ZX|(Taylor Hobson tester)ES AF&-3te] nl=Z3} o}
nZolE A3 dojtt. & Fig 139 T2 SHEAANE %a%
of, I ARE 77 ~ste] AP sHHA nfRe] Ao -2 Fig.
14(a)°ll, vFE.9] Ho) Zlo)= Fig 14(b)= UEMSlL, 1 54S
Table 5¢} #Zo] A2lstHTh

= B8] AldH-e AHE3ke] Fig 9% Fig.
oég
%

T Z
-

SM45C UNSM-30N UNSM-40N UNSM-50N

(b)

Fig. 14 Variation in wear width and depth to static load and specimen
conditions at a normal load of 50 N, and 100 N

Table 5 Comparison of wear width and depth to static load and

specimen conditions

50 N 100 N

Specimen Width Depth Width Depth
[mm] [mm] [mm] [mm]

SM45C 2.29 0.108 2.24 0.091
UNSM-30 2.53 0.145 246 0.108
UNSM-40 2.53 0.151 251 0.102
UNSM-50 261 0.153 2.50 0.105

Fig. 14%} Table 58] A2 A Egto]Ea]x] A& o] AFHA
FTEHY i AFZY HAuEH Ao 2ole
SM45CS} 7+0] UNSM-30N, UNSM-40N, UNSM-50NS.Z2 ¥
e 371 A @Al = EgtolEEA] AR Stgo] 2ul 2
A 1 Zol7F =i
100NS] 7497} SONETH Hojz&= AL AddA5Y]
% FHAQ] JHEAsIEG R o). o] dde
ZolA oA BAE| = Frh

IE UNSM A a#7} EdtolEe]R] @4l A7+ 7
159} o] T AFollA de

At}

53] FHdjzlelA =

Hzz o] Yeslrl ofF 120 4m7hA] FAEI, EHHES

%3 23 2 PJEAFS ] Pl Ul g A 7EL"4(Pyun

et al.,, 2012; Suh et al., 2007).

m A2 A <)

30|
o) oj)
SEM#

A2 Fig.
Z}go) AWk UNSM A A= &



Variations in Tribology Factors of SM45C by UNSM Modification

Hardness [Hv]

Residual Stress [MPa]

Fig.
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15 The UNSM treated material seems to be caused by nanozation

of surface texture (a), surface hardness increase (b) and
formation of deep and large compressive residual stress (c)
(Pyun et al., 2012; Suh et al., 2007)
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3.2 EZOIERX| ATl SEMEHE Z 3t

3.2.1 SM45CAI9] mA Ao SEM#ZE A3}

Fig. 162 2 A2 TYRE SEM B 3 7o g, Eglols
22 AY oF 20% Fo] vAE aA2] EHE A% Zlolth
Fig. 16(a)= 1000, Fig. 16(b)= 3000xZ Z+ZF Fthdk Ao x|qh
£33 npdEF(Wear trace)S ZHS 471 Qith npEs) npert
AZREE 2|Z2H02 EHEY|(Asperity) S0l 2J¢ vPEZE v}
o|lZg IFHJ} YAHE AE B 4 Yok

Fig. 17(a)= "A Aol 2+-831% 50NolA 1,8002(0.5 AlZh
Zo] mrAejolt). Fig 17(b)= Fig. 17(a)2] wlRd SRS
30x Hi&= SEM#ZEE AFo)d, Fig 170b)lle PtREHE 2
Mol st E et o] & SEM #H2E AR7] Al
N 1.89mmE SHE QL vfHEH He-E= V|AVIFo R
sk ko] Bl

Fig. 17(b)ol= 82 v]11%(Adhesive sliding, Ad-S) Fgo] u}
2 ol Mgk Aoz & JePfUTE E Fig. 17(b)2] AR
2 FAGE BEES 100x Foista §2F v1iglo] #EHSIY
|21 (Adhesive wear, Ad-W) E=3F 2= AT &2 v 11
& ARA BN T2 e E-FHolE w11y HE Al
ZYOlES Ho] FEH AWt BAE= Fa3k @4
2 v dell ogF AAle] &9WFe 710g Aotk v
HEE Adlle 540 WS 7 AL GAEA YERA| T,
AFe gueFo|ng Fujdoz =] gtk

Fig. 182 Fig. 17(c)F2< THAl Sig SEM A2 5004
9} 1,0000 = 22+ )3k L, Ball-on plate FE-5o|2} Wak

-
o

M Hojo & o Rl oo g

Fig. 16 SEM images of micro wear grooves for the untreated
SM45C specimen after 20 sec. of the tribology test

(@
Fig. 17 Specimen and SEM images(30%, 100x) at the center of
wear track of untreated specimen. (a) specimen surface,

(b) mag. of 30x%, and (c) mag. of 100x
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Fig. 18 SEM images (500%, 1000x) at the center of wear track of
untreated specimen.

A, &2 vy Y93 §2 vhE F2o] ol g
= JAEo] 27 AAtu) 11 (Abrasive sliding, Ab-S) %
R B MnYEAS 5l o £A47F 284U E S 5
Azt A=oltt.

Fig. 1894= Ab-W7} AAE wlgko]
ZFoll AHE Ab-SFHlA LAYl WEFoE YE evA
EE 9 W R o FstHA TAE Ab-Wo| WS s
2 27 37185t &AW o]l H g9o] Holx ke Aol
EgtolBEA AFY &A7F HEE, npE W AA) o= Wk
o2 wpdo] WS EA A5 F e BRE AL U

At o 2 AAjo] npHEEFe &R0 A=, A83tFH v 11
Aol sliA A==, A9 vpdEe FEo FHolA
Az’ WFAE7A] A3 A2 FEFS vXITh Ab-SeF e 4
didgo] wAEA], Ab-Wo -2 2 mlgo| HAHEAE &
Aol BE, AF 7, vInE &5, A0 Aol i w29
ol A|(Surface energy of adhesion)2} TF&A| o] F&FS W=t}
. Aok

H 18 i oox
o m rlo

3.2.2 UNSMAe] SEM#HE Az}

Fig. 199} Fig. 20> SM45CA|ol UNSM-30N3} UNSM-50NZ
EHAE A APHe EffoladA] HH FYF] SEMARS
AAE Aol o] F I A Fig. 183} o] ¥zE Ball-On

() (b) (©)
Fig. 19 SEM images(30x (a), 1000x (b), 3000% (c)) at the center
of wear track of UNSM-30 N under the normal load 50 N

(a) (b) (©)
Fig. 20 SEM images(30x (a), 1000x (b), 3000x (c)) at the center
of wear track of UNSM-50 N, and load 50 N

Plate 452502} WFFL2 AR A2elng dojxqurie
BRI §ulnel Axulma Q1gk WEgo] FaEm, 3000x]
e 133 Debris7} S F2E AT}

SM45CA 9] H XA} UNSM A #, 3o Egto]2# X
AEE ANl Zg 2~ F8E AT E BFe A5E 5
Ashy] A% 4o ATl T 22 AFRE Ath

SM45CAI2] wlx@lA ol 5N, 7.5N, 10N&] &}Fo] =-ga of,
oL ZAFTE F 0.76~0.78F =R A9l HlZ=EhA] JEbD, 2 A
B M= 315 50N AE 0.7838 F-A13HH9 AL, 100NA = 0.72
s A, ntRAES Zg3lEe] Z7)9] Aold= B
3kal 0.72~0.789 Hl<z%t vhEAIFE UERSITH

UNSMA | ®l SM45CA|e] £ APHS 100N 50N3tol| Et
ol EEA] Al@ste mlEAFe} ARt IAIE UERA ulEA
FE 0.7~0.8 Atolo]l eHg A o 7 SEkth UNSMAEl® 2
AFH vlEASE SN, 7.5N9F 10Nl A 0.78~0.75 Ako]2
s UERlel AZ vsgt A YERILL, SM45CA <]
UNSMA ol M2 vpaA| = A2 v HTh

SM45CAl 9] UNSMAEIAlE A Yied], & 1A%
S} e Z AS3FeE 34 FoE A83tFol 2vlE F
V= nk=, vl o3t FettAaRE, v Z ) Zlo)7t wAg

AAE A F7HHA @2 AEgS Uehiith

7|

o

E A7+ KEITY A SIS NTAD(FARS
10077592)3 A B2 A B0] 219] 7)< 8 Al 7 AL (10067485)
o Aho g FYPLHAFUTH
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ABSTRACT: In order to accumulate data to lower the friction coefficient of a press mold, tribological tests were petrformed before and after
coating SM45C with a PVC/PO film and plasma coating (CrN, concept). The ultrasonic nanocrystal surface modification (UNSM)-treated material
had a nano-size surface texture, high surface hardness, and large and deep compressive residual stress formation. Even when the load was doubled,
the small amount of abrasion, small weight of the abrasion, and width and depth of the abrasion did not increase as much as those of untreated
materials. A comparison of the weight change before and after the tribological test with the CrN and the concept coating material and that of the
untreated material showed that the wear loss of the concept coating material and P-UNSM treated material (that is, the UNSM treated material
treated with the concept coating) showed a tendency to decrease by approximately 55-75%. Concept 100N had a lower friction coefficient of about
0.6, and P-UNSM-30-100N showed almost the same curve as concept 100N and had a low coefficient of friction of about 0.6. The concept
multilayer coating had a thickness of 5.32 «m. In the beginning, the coefficient of friction decreased because of the plasma coating, but it started
to increase from about 250300 s. After about 350 s, the coefficient of friction tended to approach the friction coefficient of the SMA45C base metal.
The SGV-280F film-attached test specimen was slightly pushed back and forth, but the SM45C base material was not exposed due to abrasion. The
friction coefficient was 0.22, which was the lowest, and the tribological property was the best in this study.
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&A= A STS 304L(LH U EA 2HQIE 27 S0 de]
AH&-E 3 QTHChun et al,, 2009; Kim et al., 2010; Kim et al., 2011,
Kim et al.,, 2013; Yu et al., 2013; Suh et al., 2016).

wEbA] B A dlE F3A AR SMASCE AMgste] EHSE
Ao g Zetzul FH(Plasma coating)?l PVD(Physical vapor
deposition) 4] Fo] 7 ol A3 Concept T ZH
(CrWN / TiCN / TiCNy)3} CrNZ® 2! PVC(Polyvinyl chloride) / PO
(Polyolefiny B &oll W& nhEAIFe] SARSIE AY #7137

T3 A2 EUAPI7|EZE nlo] 2 X (Micro forging)7]
=2 2SI} =T H/RZE(UNSM, Ultrasonic nanocrystal surface
modification) 71%-& PVD7|&¥ AFAAIA HABH FA LGS
AEds H4oe ¢ e 8, S suAYES I8
Agg AT F A= A8E FHstu4 FTHAmanov et
al.,, 2012; Amanov et al., 2014; Gim and Jeong, 2007; Jeon et al.,
2014; Lee et al.,, 2015; Pyun et al., 2012; Suh et al., 2016).

21 =30t Lo EH M2[Hol| [E AlgEe] 27
Fig. 1(a)x UNSM(Ultrasonic nanocrystal surface modification)
211 30N, 40N, 50N°| 37k 23 0= A 2]ske] UNSM-30N,

(d
Fig. 1 Appearance of the test specimens: untreated specimen (a),
thin film coated SGV-280F (b) and SGV-167L (c), concept
coated specimens after UNSM-40N treated (d)

Table 1 Chemical composition of SM45C [wt %]

C Mn P S Fe
042 ~05 06~09 <004 <004 9851~ 9898

Table 2 Tribology test conditions of SM45C

- Counter part
L[‘If]d S[I;ff]d S[gl(l)xl:]e [TI;ES (SAE2100, Condition
SMA45C)
50, 100 2 15 30 d=10 mm __ Dry

UNSM-40N, UNSM-50NCS.2 A3}t = o] A Z|Aell Concept

% TS ANl rhASe] BANSE AFHILSEA
P-UNSM$} o] %7131 THAmanov et al., 2012; Amanov et al.,
2014; Lee et al., 2015; Suh et al., 2007).

2.2 SM45C2| AlglHat EBlO|SE{X| Al 2y

E AR A AHESE ulREAFEH-S Fig. 1(a)9k 2] 38x58x4
(mm) =719] ZAZE ] SMASCAl AN FH-S AH-EAT, A1Y
He| 38hd ZE-S Table 13 2T} E FAEY AFAEE
625 MPa, IE7}= 530 MPa, HIA X = 2100]th

Eglo] BE A Alge] 2L Table 29} 2T} AgHe] gH e
SM4SCAIE 71AI7FE & Avkste] AR&3kdth Fig. 1(b)<} Fig.
1(c)= PVC/POE &5 H2&5 Ald¥HolH, Fig. 1(d)= UNSMA{E]
% Concept THeFHE A& dAIg Zlo]th Fig. 18] EgtolE]
A A @H-L 50NT 100N2] F3}3kaol A 1,800%27F AlgS AA|
3T

2.3 AlE|

E Aol AHS-E Egol B3R A@HIE Fig. 29+ 2] 45
2] A& 7]¢]l TE77 AUTO(Plint & partners, England)S AH-8-5+$3th.
XA ARVE &35 {8 A"E7] Z47](Form Talysurf PGI,
Taylor Hobson, England)S AF8-8}3 o™, 42 4317 93l
@457 71(XC10, Mahr, Germany)E AH&-8IATE & 7= S48
0 2 BA2ZE7|(Mitutoyo MVK-E3, Japan)9} 2IAA T =4
ZH](Wolpert testor 2000, Instron Corp. USA)E AH8-3}51 T} Micro
dimplesE &<13}17] 913l AFM(Atomic force microscope, SPA400,
Japan)2 AF2-3}F1 T} 18] 31 SEM(Scanning electron microscope)Ak
718 FE-SEM(S-4300, Hitachi, Japan)3H] S AF&-gom FH T
22 A= Accretech(Surfcom 1500 sd3, Japan)S AM&-3FAth

Toll el Zetznt IR TR S
M2 Z8-2 Fig. 39] Mercedes adhesion

Table 30ll= &
At olH gk
tests B3l ZERIE whube] W URMSHIE ER1, Bk Al
AHE ARESIATE o] AEHE AEZ7E AHEsl Fig
3(@)2t 2L Q22 500N 1,000N sl A AAste] FE]Z] 9
Z4EE ER1gt) o] u FRFS Fig 3(b)eH2o] HFI($HH ¢
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Table 3 Conditions of plasma coating

Coating CrN Concept
Type Arc ion plating
Hardness Hvgps 2,200 Hvoos 3,000
Layer Mono Multi
Temperature 420 ~ 480 C
Voltage 40 V -100 V
150 kp = 1,47

kN

Rockwell C-
Indentor

Tensile

stress )
Compressive

tress

Coating

Substrate

(@ (b)
Fig. 3 Mercedes adhesion test

Substrate
Coating layer

E ———— 1)
fe—s] Y
- 2R
E : thickness of Coating layer
R R : Radius of steel ball
4
_';_ Coating
Substrate

Fig. 4 Method of thickness measurement

Table 4 The thickness and the degree of adhesion of the coating

layer
Coating Adhesion state Thickness [ xm]
Concept HF1~2 532
CiN HF1~2 341
2 ~ HF6($HA Btel)7h) EReTh & %L o AHEE hEAY
Heo| FEZ2 Table 4%} Fig. 59} Zo] HF1 ~ HFR2O.& g Fo l

1}2](Delamination)&/d0] i Fogh W= ’E]' B2 RS
gtk

E I8Z FAE Fig 49 2o] wlod 29 nl=d o5}
o =A%t A3} Table 49} 2°] Concept THEB-S 532 1m,
CINE 341 um 2 247} S =Tk Fig. 5& & A7 A=
IR ZF] e o] TERARH Z-HTY FAE ST A
£ d2A4 Yl

J]Nr

(a) Concept

(d) CrN
Fig. 5 The thickness and the degree of adhesion of the coating

(c) Concept

layer

3.1 PO/PVCH ZE2| EZio|EX| Al
Fig. 67 Table 5= 37} EE-& SM4SC Aol F2sto]
ZO0Z 50N slol|A Ego|B#jx AH3 AxE A3

Zlo|t}.
0.a .
= 16711
o
‘S 0.3 167L-2 p—
% 167L-3 ’
S 0.2
= P—1
S
§ 0.1 {
£ [[Rup-id]|
o 20 40 60 80 100

Sliding time (sec)

(a) PO film-50N

0.a N

: — 2801
§ 0.3 |——2802 ( \
S —227-1
% 0.2 227-2 }
S ” \.‘ 7‘
S o I:Run-inl V
t
= (]
50 100
Sliding time (sec)
(b) PVC film-50N
0.4 I
k= 1671
] — ’
Sos | i
S 3
g 2271 [ —t——
227-2
k= 0.1
=
o
o 20 40 60 80 100

Sliding time (sec)
(¢) PO / PVC films-50N

Fig. 6 Comparison of friction coefficient as a function at a
normal load of 50 N on the PO / PVC films
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Table 5 Comparison of friction coefficient of the PO/PVC film

conditions.
Actual test Friction Film
Film time ¢ (.) Color thickness
coefficient
[sec] [mm]
16 0.284
SGO-167L )
(PO) 13 0.285 White 0.1
09 0.252
~ 23 0.201
SGV-280F Yellow 0.11
(PVC) 12 0.239
~ 07 0.342
SGV-227 White 0.1
(PVC) 07 0.371

Fig. 6(a) A PO EE<2I SGO-167L #¢] Axtz 2P A|I7t
?l F=S gulste] ASF L, SMAsCol AlE3E 799 2ol
1% Fof AFE o] 7]5o] AZRETE 1 & 1 Ajde

| oFEAS 02842 HAIL, 9832 Fo] 0.1598 ATk 2

o W

Zostgon, 3 AW 40%0l PHEAS 02522 HATh

Fig. 6(b)= =& PVC BES] SGV-280F=} WA pyvC B&
Ql SGV-2270.2 Egto|&H A Alggk Ao|H, Fig. 6(a)et 2
o] 31% Fof ZFEo] 7|Fo] AZEUTE 1 & SGV-280FA)
o] 1 AlHE 540 AT 02012 =AU, 2 AlHL 43
Z %ol 02392 A3kt SGV-227A412] 1 AlHE-E 3829
oA 03422 HAA, 2 AlE-L 383 Fo 03712 Ash
At

Fig. 6(c)= Fig. 6(a)2}+ Fig. 6(b)2] AEZS FAlol] BlaLadle] 1}
ERAl Zlo]t}h Table 5+ Fig. 69 EgfolE2A] A AF}é} 2t
S5 TS AR npE@ASFT AAZE AR oF 20& o]y
o Z71AYREE FASATE 9714 Run-in goiA)e} 24|
Ql SM45C $19] FE9 vy AAEY, A& M52 Eod
5 AAEE Hugho] A=Hck

Table 5°= EEo] 2A EHS BE3lH Holz|7] A7t 9
upgA| e} nhE AGAIZRS BT olEd 77kA] dE F
ZhAH 9] Egfol B A Al@AN =@ pVC BEo| 3714 2
5 5o 71 EgfolEeA] A@AIRIe] 2, vpEASTE Pt
0222 7P gotth I e g2 J55 2] gA gAY
A ka1 o) WAEHAM(Fig. 14 Fx) AEAZ 0] 24 A
317] wjEolth. 1 t3-& POAl SGO-167L°] £& 27102 B4
HATE T o] BE-L ElojFo] ZU]d A7 WA A&
Alzto] e ko] SEMTE A ERIFUATHFig. 13 =)

3.2 E2t=0t FER|e| EEI0E2X| AlH

Fig. 7@ EHIZY vl$ FE8F 502 4’4== Concept
FE(CrWN / TiCN / TiCN, B+ Z®)¥H CNe| Egt=n} I8
< vH A M7 A upEATY WsE SONT 100N
et AREe 2 ek Zolth

T Fig. 7(b)%} Fig. 7(c)= UNSM A &Aool Concept =
23 AgHe] 50N 100Nl wet A @e A3 242 AJEst
Atk o] &3] 28le] UNSM A 2|Afjell Eet=n} FH

o
o

24

AN AL P-UNSME FAIBHITH

©] Fig. 7(2)°llA] concept 100N&] 757} vlaA| 7T AW o
k31, concept SONS =T}7} 0.839 3R TE. 18] AL Fig. 7(c)
ol 4] P-UNSM30-100N] 77} Concept 100N} A< Z& =
Ag YeAA uldA 7 oF 0622 AY YT Concept
FEAE 532 um, ON ZRA = 341 pmBES FAO|EE =
71l Eehznt IEo FEFo R wpEAleTE Yol tit ¢
250 ~ 30025E F7}8l7] AlRske] oF 350% o] Foll= SM45C
BA9] mpEA ol HIsHE AEFES eI

Fig. 82 Fig. 79| Egto|&A] AlgFol F4F vf=EZH
3 Zlolg WAV} B S47E A7 o] &t Al
He| nfrEAe] FAlH(Stroke 7.5 mme 3H)E FHEE A
stod gt Zloltk & wREA ] 3} Zlo]E 217} Fig. 8(a)

2} Fig. 8(b)oll D18 EZ wwdte] YeRyAT)

- 1
c "
.g 0.8 y Mf‘-,‘\k,“w_ﬁq’\.w
£ 0.6
S p ——CrN-50N
s ——CrN-100N
S 0.2 CONCEPT-50N
5 0.
= ——CONCEPT-100N
“ 0
0 400 800 1200
Sliding time (sec)
(@
- 1
g 0.8 -;&J‘- Aotocihest |
§ 08 [hgrmemedes
S 0.6
S
c 0.4
S | —P-UNSM30-50N
g 0.2 | —P-UNSM40-50N |/
= ‘ P-UNSM50-50N
0
0 400 800 1200
Sliding time (sec)
(®)
1
-
; |
2 08 |5 !
2 L g
< 0.6 w
% 0.
S
5 04 1 ——P-UNSM30-100N
£ 0.2 ——P-UNSM40-100N ||
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o 0 | I
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©
Fig. 7 Variation in friction coefficient of UNSM treated and
plasma coated specimen at a normal load of 50 N and
100 N
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Fig. 8 Comparison of wear width (a) and depth (b) of the CrN,
concept coated specimens, and UNSM treated specimens

Table 6 Comparison of weight loss of the CrN, concept coated
specimens, and UNSM treated specimens

Weight loss [g]

Specimen
50 N 100 N
Before plasma  0.0171 Base 0.0142 Base
CIN 0.0162 -53 % 0.0151 + 63 %
Concept 0.0048 <719 % 0.0106 - 254 %
P-UNSM30 0.0056 -67.3 %  0.0107 -246 %
P-UNSM40 0.0076 -556 % 00112 -21.1 %
P-UNSMS50 0.0042 -754 % 00117 - 176 %
0.02
~ 0.016
2
(7]
o 0012
-
kS
.q;': 0.008
s
0.004
0
SESES LSS
< & & &
"&“«;“ w“é’ ¢ &‘*&‘,@‘,&
CT TS ¥
Q' Q Q QC ¥ <

Fig. 9 Variation in weight loss of the CrN, concept coated
specimens, and UNSM treated specimens

o714 wxElA el Hlnste] Concept SON-> <F 53%, CrN
50N ¢k 359 AT Ey,} Zlo]p,] 7+ A gfo) z%giu].

T P-UNSMAI= mIA Aol vlaste] Fo] oF 60% A
Al Zaskitk. o]g€A P-UNSMA7F ConceptA 2} CriNA| R}
g o] Zo] 72 22 UNSM Aol 23 THAE A5,

22 9] Yoo} hEF-3E o A Mgty Eetzn I8
o FFo] HrHEoR A7 AoF HrIETHAmanov et al,
2014; Amanov et al., 2012; Suh et al., 2007).

Table 63} Fig. 92 315 50NZ 100Nol| A AEH FFIE Eg}
ol B A AIH A 3] TALAEES HwE Ao|t} o] AFE A
Eehzrt FRAE v Ald] nlaste] §A Zaigo] vle- A
< & &= 9tk 3] 50N 7%, Concept TR AN} P-UNSM 2] #]
= npmao] oF 55-75% TAadhe ¢S YeERITh

T Concept ZE A7} CrN-50NZ:3} CrN-100NZ: K.t} vhEEFo|
66.6%2} 31.7% ZAashes AEFS UERAET), ©]A-2 concept
TE L CrWN / TiCN / TiCN, 8] 58 0 2 Tiet wel 3gt&E
o] sl FAEM, FHZF FAYF (NZ: B} F47] wl &
nhdo] HA A71E A 2ok o]H3 A4S Concept ZH O] CrN
B} nkm Z3} 7o)} 2A| 7+43 Fig 82 AFet= 7 Yx)st
= A&olt). =3k CrNS Concept ZE R T} npEEAJo] o7k 5
B2 B9 nlRge] FTlEE AR odH

= A

3.3. E20|Z2X| A[&=2| SEM 2H&
3.3.1. Concept B A SEM#H2H
Fig. 10> Egtol&A] AP AW SEM #F ZAHAE o

A8k Zlo]t). Fig. 10(a)E Concept ZE Al 315 S0NCIA] 1,800

Z %o nfugeE rfdEAS 279 sauz JehAdh v

HEY Yolle vpdEdo] Holw F2 §32 v|11%(Adhesive

Fig. 10 SEM images ((a) 30%, (b) 100x and (c) 500%) at the center
of concept coated specimen at load SON and after 1800 sec.
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/x1.00k

Fig. 11 Comparison of SEM images 1000x at the center of uncoated
SM45C specimen (a), concept coated SM45C specimen (b)
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Fig. 12 Appearance of test specimen with films: (a) SGO-167L,
(b) SGV-227, (c) SGV-280F, (d) Platinum coating on
film before SEM shooting

Fig. 13 7 connection SEM photographs of SGO-167L specimen
with the film tearing

Fig. 14 7 connection SEM photographs of SGV-280F specimen with
keeping in close contact and maintaining longer time

Zlojw, YR FFo] Hojxx ATz ozt DHA|RL 301 €]
Aufgof A mpRe) oF BA|7F = EHA] AT whebs] 3744
BEZol SGV-280F9] wHESA] 78 prskalal, =9t vt
A7 B ATl A 71 vt

Fig. 15 Fig. 132] SGO-167L F%3-2] 500812} 300000 2] &
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X3.00k o
Fig. 15 Magnified SEM images of the central part of Fig. 13,
showing the film was teared and pushed, and the base

material was exposed

(a) 100x
Fig. 16 SEM photographs enlarged the state of film adhesion of
SGV-280F to 100x and 1000x

(b) 1000x
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(a) The tip of concept-100 N (b) The tip of CrN-100 N

specimen specimen

Fig. 17 SEM and EDS analysis of SM45C material expanded on
concept coating-100 N (a), CrN coating-100 N (b)
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Wt %
C 6.11
N 421
O 11.25
Si 0.10
Ti 39.59
Cr 0.83
Mn 0.28
Fe 37.64

(d
Fig. 18 EDS analysis on the tip of concept coated P-UNSM40N-
100N specimen.
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Fig. 19 EDS analysis on the tip of CrN coating-100N specimen.
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Development of Underwater Laser Scanner with Efficient and
Flexible Installation for Unmanned Underwater Vehicle
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ABSTRACT: This paper proposes a vision-based underwater laser scanner with separate structures for an underwater camera and a line laser
projector. Because the two devices can be adaptively placed regardless of the features of the unmanned underwater vehicle (UUV), the scanner has
significant advantages in relation to its availability and flexibility. Position calibration between the underwater camera and laser projector
guarantees a 3D measuring performance with high accuracy. To verify the proposed underwater laser scanner, a test-bed system was manufactured,
which consisted of the laser projector, camera, Pan&Tilt, and Attitude and Heading Reference System (AHRS). A camera-laser calibration test and
simple 3D reconstruction test were performed in a water tank and the experimental results are reported.
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Fig. 2 Examples of laser scanner installation on UUV
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(a) Underwater laser scanner test-bed

Fig. 3 Vision based underwater laser scanner system

Table 1 Specification of vision based laser scanner test-bed

(b) Trimming tank (KRISO)

(c) Experimental set-up

Device Name Model Specification Purpose
Camera FLIR blackfly BFLY-PGE-23S6C-C 41 FPS at 1920x1080 Image acquisition
Line laser Global laser GreenLyte-MV-EXCEL 532 nm, 75° Laser projector

Sensor Tritech Intelligent gyro compass res. < 0.1° acc. < 1° Pose sensor
Actuator SIDUS pan / tilt SS109 Torque. 13.6 Nm Actuator
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Detected laser line
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Fig. 4 Experiment of camera-laser calibration in water-tank
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Fig. 7 Reconstruction result by laser scanning experiment (in meter)

Table 2 Real and measured dimensions of 4 objects

* H: height, D: depth, W: width

Object Real dimensions Measured dimensions
Cylinder 1 ¢ 75 mm, 150 mm (H) ¢ 72.5 mm, 145 mm (H)
Cylinder 2 ¢ 50 mm, 150 mm (H) ¢ 49.6 mm, 149 mm (H)
Square pillar 50 mm (W, D), 150 mm (H) 51.1 mm (W) 49.1 mm (D) 150 mm (H)
Cube 100 mm (W.,D,H) 96.9 mm (W) 101.2 mm (D) 96 mm (H)
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ABSTRACT: As a new technical approach, this paper introduces a method for improving an electrically propelled outboard motor in consideration
of the driving system applied to an electric-propulsion boat with solar cell energy. The most efficient model for a drive shaft, propeller shaft, and
bevel gear was suggested and examined with respect to the results of test operation in prototype mode. Furthermore, this research included a
performance evaluation of the manufactured prototype to acquire the purposed quantity value and the development items. After manufacturing the
desired prototype of an electrically propelled outboard motor, the maximum sail time, thrust force, noise, and weight were evaluated in a
performance test. An additional test in relation to the maximum sail speed (knots) of the completed prototype was conducted using a sea trial
evaluation to acquire the optimum quantity.
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Table 1 Specification of BLDC motor

Item Value
Voltage 72V
Efficiency 91 %
Phase resistance 60/ 72V
Phase induction 77uH /72 V
Weight 17 kg
Casing Aluminium
Length Diameter : 206 mm
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Fig. 6 View of drive shaft in mid section part
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@

Fig. 9 (a) entire drawing for the outboard motor, (b) drawing for
drive shaft, (c¢) schematic diagram between drive pinion
and bevel reduction gear
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discussed in this study
(a) Test for BLDC motor used as main part
(b) Test for entire outboard motor body

Table 2 Principal particulars of outboard motor

Prototype Outboard motor
Battery power 200 A x 48 V
Driving horce power 20 HP
Driving device BLDC motor
Main fuel Electric
Electric boat weight 0.5 ton
Electric boat material FRP
Maximum passengers 3
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Fig. 13 view to test an item for running time of the outboard

motor prototype discussed in this study
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Fig. 14 view to test both weight and noise for the outboard motor
: (a) weight, (b) noise

Table 3 Results as to performance evaluation items

Item Unit IE;:]: pﬁ(l))se Result
Thrust force N 30 294 343
Max. sail time H 30 1.50 1.51

Weight Kg 20 70 less 49

Noise db 20 85 less 66
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Fig. 18 (a) As anti-clockwise rotation on driving system, (b) as

clockwise rotation on driving system of outboard motor,
Fig. 16 designed drive shaft of outboard motor (c) designed bevel gear & key for outboard motor
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Table 1 Computed wind and current forces on buoy models
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Authors’ Checklist

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

< Editing checklist >

I checked my manuscript has been ‘spell-checked’ and ‘grammar-checked’.
vhol o] ek W BEH 9R/b A Shelstgisy .

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

g Fe) A BAAE QYo o Azt

ol R

- A3 W

F

71 A5

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

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

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

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

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

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

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

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

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

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

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

B BERAA et SANE E WE 9 7 MEs A3E9eS Selstag

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

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

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



O

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

< Submission checklist >

O

I checked the work described has not been published previously (except in the form of an abstract or as part
of a published lecture or academic thesis).
U B 9130 vhgo] 22, Tl sl 50 Aofat e A Sof Al ARlo] g Selsiy

i)

Y.

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

ji)d

U,

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

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

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

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

ol

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

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

U A48 daedat S Fddlen, e e Aok

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

Ue s daetxe] Az Aol Fofsi, Axd HATAAE AEsHlsYTh

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

U AMRE dstgon, BB A B33 & AYRES gsasyt,

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

Title of article

Date of submission : DDIMM/YYYY

Corresponding author : signature

Email address

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



Research and Publication Ethics

Authorship of the paper

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

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

Hazards and human or animal subjects

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

Fundamental errors in published works

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

Ethical Codes of Research

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

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

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

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

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



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

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

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

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

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

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

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

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

opportunities to develop professionally.

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

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

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

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

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

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

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

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

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

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

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

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

5. We raise common issues only through objective and fair methods.
(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



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

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

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

above.

. The Scope of Manuscript

L.

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

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular

basis.

. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

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

. The Definitions and Types of Fraudulent Acts in Research

1.

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

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

data or results.

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

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

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

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

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

a paper without any participation in research.

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

in research or inflicting an injury on an informant.

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

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

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

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

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

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



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

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

publication and notify the cancellation to the author/s

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

impersonal judgement when he/she found any violations.

Supplementary Provisions

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

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

1, Nov. 2008

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

[1, Nov. 2008 amended]
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