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Fatigue Damage Estimation of Wide Band Spectrum
Considering Various Artificial Neural Networks

Jun-Bum Park” and Sung-Yong Kim"~

"Division of Navigation Science, Korea Maritime and Ocean University, Busan, Korea
**Approvul Centre Korea, DNV GL, Busan, Korea

R 1T AW AT P 2HEY H2ed S

- g8

s dsta Fafekr-
"DNV GL Approval Centre Korea

KEY WORDS: Fatigue damage ¥ 2<%}, Wide band spectrum FHY »~HE#, Fatigue damage model ¥ 242, Time domai
simulation A7+ % A4t Neural network 124174 main

ABSTRACT: The fatigue damage caused by wide band loadings has generally been predicted using fatique damage models in the frequency
domain rather than a rain-flow counting method in the time domain because of its computation cost. This study showed that these fatigue damage
models can be simplified in the form of normalized fatigue damage as a function of the S-N curve slope and bandwidth parameters. Based on
numerical simulations of various wide band spectra, it was found that fatique damage models in the form of normalized fatique damage with one
S-N curve slope and two bandwidth parameters(c,, cv,) provided less reasonable fatigue damage. Therefore, an additional bandwidth parameter
needs to be considered based on a semsitivity study using various neural networks, which proved that o,y would be the dominant factor of a
fatigue damage model as an additional bandwidth parameter.
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Fig. 2 Wide band response spectrum examples (Benasciutti and Tovo, 2005)



Fatigue Damage Estimation of Wide Band Spectrum Considering Various Artificial Neural Networks 345

[ Generate random signals N_ (10 blocks |

forS(®)during specific time(3hours)

[Set new set of random phase angles ] m

and frequency intervals

Repeat 20 times

Fig. 3 Procedure of time history generation (Park, 2011)
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Table 2 Normalized fatigue damage for each type with o, =0.6

and «,=0.3
Normalized damage
Spectrum type

m =3 m =4 m =25

Type 1 0.242 0.362 0.611

Type 2 0.239 0.356 0.598

Type 3 0.238 0.352 0.591

Type 4 0.240 0.354 0.596

Type 5 0.243 0.373 0.640
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Table 3 Artificial neural network formation

Number of neurons

Neural network Inputs in a hidden layer
N-H10 aq, Qg,m 10
N-H30 ay, ag,m 30
NO075-H10 Qg75, Q1 Qg M 10
NO075-H30 Q.75, Qp, Qg M 30
N15-H10 Qy, Qs 0g,m 10
N15-H30 Qy, 005, 00,m 30
NO7515-H10  avgz5, 1, 05, tg,m 10
NO7515-H30  az5, @1, a5, iz, 30

Table 4 Artificial neural network test cases

Bandwidth parameter

Spectrum e
P P Case 1 Case 2
T 1 T 5 a; =0.7 a; =0.85
ype ype a, =03 ay=0.55
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Table 5 Error Index for wide band spectrum and test cases

Neural network EI for wide band spectrum EI for test cases

N-H10 0.0406 0.1465
N-H30 0.0440 0.8587
NO075-H10 0.0187 0.7039
NO075-H30 0.0153 0.8501
N15-H10 0.0180 0.1270
N15-H30 0.0145 0.9477
NO07515-H10 0.0119 0.6148
NO07515-H30 0.0141 0.4441
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Fig. 6 Fatigue damage ratio with N15-H10 for wide band spectrum
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NO9%EFY] LNG HEA2H Divinycell®] FA42 &= A= H7}
A - AR - AW AT - G ol
mto)ehn 28|l

KEY WORDS: Divinycell TJH|U4, Liquefied natural gas 34712, NO%-type LNG carrier NO9GEFY LNGA], Insulation system

TG A 28], Compression test &5 Al

ABSTRACT: Divinycell, which functions as both insulation and a supporting structure, is generally applied in the NO96-type liquefied natural
gas (LNG) insulation system. Polymer-material-based Divinycell, which has a high strength and low weight, has been widely used in the offshore,
transportation, wind power generation, and civil engineering fields. In particular, this type of material receives attention as an insulation material
because its thermal conductivity can be lowered depending on the ambient temperature. However, it is difficult to obtain research results for
Divinycell, even though the component materials of the NO96-type LNG cargo containment system, such as 36% nickel steel (invar steel), plywood,
perlite, and glass wool, have been extensively studied and reported. In the present study, temperature and strain-rate dependent compressive tests
on Divinycell were performed. Both the quantitative experimental data and elastic recovery are discussed. Finally, the mechanical characteristics of
Divinycell were compared to the results of polyurethane foam insulation material.
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A7I(KSU-sM)oll AAete] tEA1dE a8kt (Park et al.
2015). S48 A= YTl Al e 2=A7F Azt o)l
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Field emission scanning electron mlcrosope(FE—SEM, SUPRA
25)4118 o] &3kThFig. 2(b).
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Table 1 Compression test scenario for Divinycell

Case No. Material ~ Temperature [K] Strain rate [s7]
1 0.01
293
2 o 0.001
Divinycell
3 0.01
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4 0.001
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Table 2 Compressive strength of Divinycell

Compressive Strength ~ Standard Deviation

Case No. [MPa]
1 0.963 0.091
2 0.904 0.041
3 1.142 0.092
4 1.12 0.073
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Fig. 5 Initial and recovered state Divinycell
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Table 3 Comparison between Divinycell and PUF at RT.

. ] 5 Compressive
Material Density [kg/m’] Strength [MPa]
Divinycell 54.58 0.904

59 below 0.5
PUF (a)

122 below 1.02
PUF (b) 116 below 1.0

(a) PUF at 293 K

(b) PUF at 110 K
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Fig. 7 Photographs of permanently deformed test sepecimens of
PUF and Divinycell after the compression test
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Fig. 8 FE-SEM images of test specimens at different temperatures and strain rates
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ABSTRACT: Recently, the lifetime extension of nuclear power plants has been considered. Thus, it is necessary to consider facility safety
management and economic management. However, when the bolts in nuclear power plants are replaced and the turbines of nuclear power plant are
disassembled, numerous problems are found in relation to stuck bolts in clamping parts. In order to solve these problems, a hybrid vacuum chamber
was first designed and manufactured. It can perform arc ion plating and sputtering, which were used to deposit Ti/TiN on an A913 B7 bolt. X-ray
diffraction (XRD) and scanning electron microscopy (SEM) analyses were conducted to determine the composition and characteristics of the bolt,
and tests were conducted to determine how long the bolt could endure under various conditions in a nuclear power plant. The SEM and XRD
results clearly showed a continual and even coating layer. When this TiN-coated bolt is used in a nuclear power plant, the lifetime can be extended
compared to a conventional bolt, but it is necessary to determine what additional properties are required.

.M B

A AAE A FRE A BA ] Aol we} =
Al F7E BR, Z15s) ool o3 247k wjlE A &
S AT F Je U GezZN A A E Mesia
Aok @A =P8 AL S7Fshs FAIE Heln o)¢k
Eo] 939 AL oA A FUkekaL ok AL
=F37F 713to] RtmE o] ke A Exae| EHOH wA
Holl meh kS Hrtste] Aol AFEHJE A5 104
B 2Ae AEshs Ae 2ot AA A BT 498 A

AL 45, 25 A2 Fio] i - ajte] el =g
(Creep), 2=El(Stuck) @-4-2] &AJo] HIMste] A H|(Overhaul) A

Asta Qe SEURMIAE ALeHo] FaAET ;a'u}
olol ek Qe WAL U 717150 A 44 9 no)
A0l 7% F\Ae] Aol Bro|AT Ale] ARBEES W
|

Ztol ddEt dojAe 97t A dTHKorea Hydro and
Nuclear Power Co., 2015). WetA] ZAIZE A4S ell= 12
o MAHA Gk= EES} &l A= HA Bt Ha e
- aske] JHE AQ ¢ 9)\—‘5 EE° g deAo] A7|HL
ATk =T, A WHLE Y AR 8ol wiEel o
F sligkell 1Fdste] AA|E A glom, sfijke o] YF
2 F2o] BT & Se 7HEE SHos didd o% AA
EBE9| 7|AF 5o ®slsiAY dA] AstE =gk
3, E8l3 Z7|Sztelgta Bele PVD(Physical Vapour
deposition) -2 3 ol 55& 715AA 7188 55 A
7} 451-5]'74 B FHE Bl glo] dEgEdd =gl He

(Sputtermg)%ﬂ, o] Z#°|"(lon plating)¥<

2000; Konuma, 1992)¥|™ PVDH 2 450, EY 5 183
(High melting point) A&.2] EF0] 7Fedlal, Wy Fol 3<%

Received 10 September 2016, revised 11 October 2016, accepted 11 October 2016
Corresponding author Yun-Hae Kim: +81-51-410-4355, yunheak@kmou.ac.kr

© 2016, The Korean Society of Ocean Engineers

356



Anti-Corrosion Properties of TiN-Coated Bolt for Application to Nuclear Power Plants Located Near Coastal Areas 357

I HlEE dAE olesste] W79, 93} EE, 23} E
&, AaldFuly, @shta Fo ek, el 9 71E 7
s80] Jde RME FE =58 F= UtHKim, 2011 Yun,
2012; Zhang et al, 1994).

meba B Aellds 34 Z2A2Q0 PVDHIA of= o]
< E¥°]®(Arc ion plating) ¥ ~HEHHPE T3l HE
Ti-TINS S2Fete] ¥ 2EE 2] (Morphology) 3 A4 Hi&A]
< Bt AZEES] w1 74 5l #uAst E4S Brtst

A Fk

2. Als xi= gl gy

SER

e
o
o,
L
flo
[
o
i

PPt 2% oliAE 7 A
He o olfd 75 Elo] MnHA TF DS
7444
1A
e}

2
olN

X
2

fol s T 3 £57) Leths wae] Qt.

iy

M ofN [N X m
©
b
ot
2
(3
)
flo
M
=
o
o,
2
2
=
L)
i
rlo
)
i)
o
2

Aol FaL E AHE Alztsrlol AHsita ddE=
5x10™ torr2] Outgassing 717 SUS-304L& A4 5T

Table 1 Ti deposition final conditions

Conditions Ti (Sputtering)

1 % 10° torr
60 V x 35 A (21 kW)
140 mm (width) > 1,280 mm
(height), Ti (99.99%)
1.5 x 10° torr
Ar N
150 SCCM 0 SCCM
150C
15 min / 30 min / 40 min

Degree of beginning vacuum

Plasma power
Target size and source
Degree of working vacuum
Amount of gas

Working temperature
Working time

Table 2 TiN deposition final conditions

Conditions TiN (AIP)
Degree of beginning vacuum 1 x 10° torr
Arc power 70V

76.2 mm (Diameter) < 30 mm

Target Si d
arget Size and source (Thick), Ti(99.99%)

Degree of working vacuum 58 x 10* torr
Ar N
Amount of gas
150 SCCM 750 SCCM
Working temperature 150 C

Working time 15 min / 30 min / 40 min

< o}3 o] FHo|WWF ~HEFHE T &
, ZHE ¢33 AgH-& ASME CODE 20102] SA193
B7 EEo| u}g} Size 22.23mmx160m= A2 &gk JF A
HolA % 99.99%2] TiE Table 12] ZHo
Table 22] 27122 TiINS F3tste] vleks A 2bsch
FHol AES doprr] 98] SEM(Scanning  electron
microscope)® XRD(X-ray diffraction)E ©]§3ld IHH EE
o ¥H B4 2 AAHFRE #ASa, vt F3o) g w
A ZAA L] ZAH EA H3E AFs] 8 AR E, G2

.
=2k 5,

] =
ST iAol BAIEO] A ot vl M ATAE] S Thel
Z5 EPRI1000975, Boric acid corrosion guidebooks ETHE,
AP 288 200C 504 7P o= Wgste] 10043 &
o= 22 A =4 stk

1) FA =74(0.001g 142 L=

(2) 32 SFll Boric acid®] %

(3) Autoclavetell &5 ¥ &
g g7

(@) Autoclavetoll 72t Al@HE A

(5) AutoclaveE 7Fd3std 200CE FA

6 N T5 F AEHE A

(7) 29 AA F00001ge] AL=ER 74 =4

®) AP A RA RS ol ge FASEE 79

oL,

2 24 9 33 &F
=2 5700 Ml o2 =4
H,

GasE 300 cc/min<]

3. Jé!lﬁz-ll 7=IJ—|_|, al _T;_J'cl-
3.1 TI/TIN 2}2fo| SEM image £

Fig. 12 Ti/TiNg F2AIgbe] o2
images YERH Ho|th A z}zte] A
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#9 9 ©d SEM
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Z4Zy 223 Ay, 38 2o F7= Ti 332.8mm, TiN 1,857mE

7)
=
o] WAL o] thet FHH(Cross section) SEM image
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o] FolF AL I 4= U3tk ol= AlP(Arc ion plating) &
Aol BEAQ L& npojojx MY R % AHARE ALRHTL
9o} 22 =7l Uik XRD pattern ¥4 A= Fig. 20
ERiSTh 919 A7EA 21 BF =% Tigk TiN peak ¥Hol
HEEAT Tig 1584 2 & 23, Tisk TiNE 242 °F 110
ek 530nm F=e] FAZ S| HAT 2 AEet S
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Conditions

Ti (1.5x10° torr)

TiN (5.8x10* torr) 15 min

30 min 45 min

Top surface

Cross section

Intensity (arb.)

50

26(deg.)
Fig. 2 Ti/TiN XRD pattern based on final conditions
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Table 3 Mechanical properties of two type of bolt

Table 3> FE-S &4 %2 EE(Non-coating bolt)¢} TINS.E

S yehd T#=dg. WA Non
B4 AR A, At EE 954
N/m?, 53 x A%=E 36 HRCE
ZA= U} 1283 TiN 28 EE(TiN-coating bolt)2] 7143
EA =24 A7, QA EE 966N/m?, FEH-L 881 N/n?, A
A1E2 21%, 7%= 36 HRCE YR o] A9 A3s 8,
oF7ke] ztol= 9lot} SA193 B7 EEo| TINS 23t wlet
WAAEY FEAE, AXE 5ol 5oL gl Aoz B
Zt}. &, TN Z3Zro] SA193 B7 2E7} A Y e
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G vIAA B, vt FHo] o HYAE mA 3
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2y

ol
7o) 54 2 mojo] nELS HAT 5 Ak

3.3 S4E0 o8t HAIEN
Bkl 9§ BAAE Wrtstr] @) Fig. 33 2ol 5700
ppm Boric Acid2] 200°Coll4 100A13F 52t 6719 B E T/

. . Result value
Test item Unit ) Test method
Non-coated bolt TiN coated bolt
Tensile strength N/m? 954 966 ASTM A 370-12
Yield strength N/m? 876 881 ASTM A 370-12
Elongation % 21 21 ASTM A 370-12
Hardness (HRC) - 36 HRC 36 HRC ASTM A 370-12

(@) Drawing of Test bolt
Fig. 3 Sample bolts for corrosion rate testing

-
g
§

(b) Before coating (c) Coating bolts
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(@) Ti-coating bolt
Fig. 4 Ti bolt after corrosion rate testing

(a) TiN/Ag-coating bolt
Fig. 5 TiN/Ag-coating bolt after corrosion rate testing
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(b) Ti/TiN bolt = 15 min

(c) Ti/TiN bolt = 30 min
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(d) Ti/TiN bolt = 45 min
Fig. 7 Neutral salt spray test result of Ti/TiN bolt
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ABSTRACT: The aim of this study was to experimentally investigate the hydrodynamic performance of a hemispheric wave energy converter
(WECQ) and its wave power takeoff. The WEC is a heaving body-type point absorber with a hydraulic-pump power take-off (PTO) system. The
hydraulic PTO system consists of a hydraulic cylinder, hydraulic motor, and generator, with consideration given to the hydraulic pressure and flow
rate. Two body model shapes, including the original hemisphere and a bottom-chopped hemisphere, were considered. The heave RAOs of the two

models were evaluated for various body drafts.
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Table 1 Incident wave properties for experiments

Case Wave height =~ Wave period  Incident wave
[m] [sec] power [W]
1 0.027 1.0 3.30
2 0.039 12 8.27
3 0.053 14 17.82
4 0.067 16 32.59
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6 0.09 2.0 84.09
7 0.110 22 122.09
8 0.124 24 170.48
9 0.137 2.6 22748
10 0.151 28 300.76
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Table 2 Experimental model cases

A1 A2 B-1 B2
Draft [m] 0.6 04 0.52 0.32
Mass [kg] 45238 23457 44086  223.04

(a) Hemispheric model, model A

(b) Flat-bottomed hemispheric model, model B

Fig. 2 Two types of experimental models
(Dry weight: (a) 81.5 kg ; (b) 75.5 kg)
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shaped buoy

Fig. 3 Hemisphere connected to platform by arm
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Fig. 5 Time series of respective measurement values of WEC system
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incident wave elevation, (d) buoy displacement)
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Development of Navigation HILS System for Integrated Navigation
Performance Analysis of Large Diameter Unmanned Underwater

Vehicle (LDUUV)

Tae-Suk Yoo, Moon Hwan Kim, Jong Hyun Hwang and Seon Il Yoon'
"Maritime R&D Center, LIG Nex1 Co. Ltd, Seongnam, Korea
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S RHAAX], HILS (Hardware in the loop simulation), FMS (Flight motion simulator), EKF &}

ABSTRACT: This paper describes the development of a navigation HILS (hardware in the loop simulation) system for an integrated navigation
performance analysis of a large diameter unmanned underwater vehicle (LDUUV). The HILS system was used for the performance analysis of the
LDUUV. When a conventional HILS system is used, it is not possible to calculate the velocity and position using an inertial navigation system
(INS). To cope with this problem, an external acceleration was generated. To evaluate the proposed method, we compare the results of a Monte

Carlo simulation and navigation HILS experiment.
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MyungJun Jeon’, DongHyun Lee, Hyeon Kyu Yoon™ and Bonguk Koo~

"Department of Eco-friendly Offshore FEED Engineering, Changwon National University, Gyeongnam, Korea
"School of Industrial Engineering & Naval Architecture, Changwon National University, Gyeongnam, Korea

KEY WORDS: ROV, Component drag model 843554,
A, Simulation A E#]°]A

rdls 83 AAAAE ROV 2dy 9 EF] AlEdolAd

*k

LA R

Computational fluid dynamics H4H+493t, Modeling 227, Tracking

ABSTRACT: The large drift and angle of attack motion of an ROV (Remotely operated vehicle) cannot be modeled using the typical hydrodynamic
coefficients of conventional straight running AUVs and specific slender bodies. In this paper, the ROV hull is divided into several simple-shaped
components to model the hydrodynamic force and moment. The hydrodynamic force and moment acting on each component are modeled as the
components of added mass force and drag using the known values for simple shapes such as a cylinder and flat plate. Since an ROV is operated
under the water, the only environmental force considered is the current effect. The target ROV dealt with in this paper has six thrusters, and it
is assumed that its maneuvering motion is determined using a thrust allocation algorithm. Tracking simulations are carried out on the ship’s
surface near the stern, bow, and midship sections based on the modeling of the hydrodynamic force and current effect.
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Computational Flow Analysis and Drag Coefficient Research
for Angle of Attack in Slocum Underwater Glider
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KEY WORDS: Underwater glider F22t°]t], Slocum €27, Angle of attack ¥-57}, Drag coefficient @747, Computational
flow analysis k534

ABSTRACT: An underwater glider makes it easy to explore a wide area with low power. However, an underwater glider is difficult to use for
rapid collection, because the surfacing location cannot be predicted after a dive. Thus, simulation research is needed to predict the swimming path.
In this paper, based on research, a linearized equation is derived for the drag coefficient at each angle of attack by assuming the boundary
conditions for the Slocum underwater glider and performing a computational flow analysis.
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Table 1 The Specifications of Slocum underwater glider’s 3D model

Specification
Size 1939.9 x 988x 4022 mm
Weight 50 kg
Volume 0.0490 m3
Center of mass X=0.19, Y= 2.08, Z= 849.4 mm

Moment of inertia I, =8108.969 I,~0523 I.=-0.256
(Taken at the center I,=0523 I, =8121.730 I, =96.460

of mass) =025 I,,=96460 I,362.149

Center of
location

Rudder

Rear exposure Sensor
AY device

Fig. 1 Designed 3D model based on actual size of the Slocum

- gravity
50 kg
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\a\/
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“\\" ,\»‘E&/'
4> ' " Angle of attack +5°

underwater glider

114 (5 5/(sin26°) mm

o T EEEE

: Boundary condition

« s e e e

Density: 1030 kg/m?

Flow velocity: 0 m/s

Depth: 1000 m

Viscosity coefficient: 1.08 x 10-* Pa-S
Temperature: 15 °C

Fig. 2 Boundary conditions of underwater glider at the cruise submerged operation

lvsis s ® Space 1: 16 x 7 x 7m
ysis size ® Space 2: 12 x &2m
® Space 1 min: 2 10*m, max 4 x 10'm
Mesh size ® Space 2 min: 2 X 10*m, max 1 x 10'm
e Glider model max: min: 2 x 10*m, max 4 x 10°m

Fig. 3 Mesh deisgn for computational fluid analysis & specifications of mesh
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Fig. 4 Conputational flow analisys results at AOA of 0°
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Explorations of Hydrothermal Vents in Southern Mariana Arc
Submarine Volcanoes using ROV Hemire
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ABSTRACT: This paper presents the explorations of hydrothermal vents located in the Marina Arc and Back Arc Basin using the deep-sea ROV
Hemire. These explorations were conducted by KRISO and KIOST to demonstrate the capability of Hemire in various applications for deep-sea
scientific research. The missions included the following: (1) to search the reported vents, (2) conduct visual inspections, (3) deploy/recover a
sediment trap and bait traps, (4) sample sediment/water/rock, (5) measure the magnetic field at the vent site, and (6) acquire a detailed map using
multi-beam sonar near the bottom. We installed three HD cameras for precise visual inspection, a high-temperature thermometer, a three-component
magnetometer, and a multi-beam sonar to acquire details of the bottom contour or identify vents in the survey area. The explorations were
performed in an expedition from March 23 to April 5, 2016, and the missions were successfully completed. This paper discusses the operational
process, navigation, and control of Hemire, as well as the exploration results.
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Table 1. Dive summary of Mariana explorations of Hemire.

Pan-Mook Lee et al.

Time
Dive  Station/ Scientific Date
No. Target Equipment Deploy/ On/Off o vation
Recovery Bottom
] PC(6), SC, HN, SB,
Dive-01 Foieca“ Searfjll for hyimﬂ‘em‘al ventand prp CID, CO2, 20160324 1011/1724  1220/1600  3h 40m
volcano  visual inspection MBS, MAG
Forecast Biological sampling at vent 2 & 3 PC(2), BT(2), SG
Dive-02 - Searching for possible sediment  SB, CID, CO2, 2016.03.25. 09:22/15:59 11:00/14:22  3h 22m
volcano .
MBS, MAG
Forecast i chl:)vtéap (J)IES ’:xi/li)atlln(;ri}c traps at PC(2), BT, NEB,
Dive-03 volcano Ty P CID, CO2, MBS, 2016.03.27. 10:10/15:37 12:08/14:05  1h 57m
. . MAG
- Water sampling, rock sampling
- Sediment trap install., water
Forecast sampling, coring /scooping at the ST, PC(2), NB, SC,
Dive-04 volcano ~ Same location SB CID, CO2, 2016.03.28. 11:07/19:35 12:57/18:03  5h 06m
- Magnetic and multi-beam survey =~ MBS, MAG
on summit region
- Install bait trap at vent 3
Dive-05 LTt Recovery of bait trap at divet3 Do NB@ CTD, oy 0330, 13:12/17:35 1525/1625  1h 00m
volcano . CO2, MBS, MAG
- Water/rock sampling
- Visual inspection of hydrothermal
Dive-gg  Archean 0o at Archean NB, SB, CTD, CO2 o316 0401, 08:40/13:03 . -
vent site . MBS (ACQ)
- Water sampling
Dive-07 0% _ pecovery of sediment trap CID, CO2 MBS oy160402. 1053/1429 12:44/1313  Oh 28m
Vent 3 (AQ)
Dive-08 Lot Recovery of two bait traps CID, CO2 MBS oy160002. 1601/1953 17:51/1903  1h 12m
Vent 3 (AQ)
. Archean - Visual inspection of hydrothermal CTD, CO2, MBS ! . ) .
Dive-09 vent site  vents at Archaean (AQ) 2016.04.03. 09:55/17:50 13:49/15:34  1h 45m

$AC: acoustic camera, CTD: conductivity temperature depth, BT: bait trap, HN: hand net, HTP: high temperature probe, MAG:
magnetometer, MBS: Multi-Beam Sonar, PC: piston corer, SB: sample box, SC: scoop. ST: sediment trap, NB: Niskin bottle
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Fig. 5 Bathymetry map of the Forecast volcano.
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Fig. 6 X-Y trajectory of Hemire and Henuvy in Dive-01.
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Fig. 8 Temperature variation map near the Forecast vents area.
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Fig. 9 ROV tracks for hydrothermal vents on summit area of the
Forecast volcano.
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Experimental Study of Vibration Characteristics of OKPO 300

Arom Hwang
"Department of Naval Architecture Ocean Engineering, Gyoungsangnamdo, Korea
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A 28 FESt
KEY WORDS: Modal test == A3, Unmanned underwater vehicle 7<%, Frequency response function %5 8H ¥,
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ABSTRACT: This paper presents experimental results for the vibration characteristics of the small unmanned underwater vehicle (UUV) OPKO
300, which was designed and manufactured by Daewoo ship and Marine Engineering Ltd. The autonomy of UUVs has led to an increase in their
use in scientific, military, and commercial areas because their autonomy makes it possible for UUVs to be utilized instead of humans in hazardous
missions such as mine countermeasure missions (MCM). Since it is impossible to use devices based on electromagnetic waves to gather information
in an underwater environment, only sonar systems, which use sound waves, can be used in underwater environments, and their performance can
strongly affect the autonomy of a UUV. Since a thruster system, which combines a motor and propeller in a single structure, is widely used as the
propulsion system of a UUV and is mounted on the outside of a UUV’s stern, it can generate vibration, which can be transferred throughout the
shell of the UUV from its stern to its bow. The transferred vibration can affect the performance of various sonar systems such as side-scan sonar
or forward-looking sonar. Therefore, it is necessary fo estimate the effect of the transferred vibration of the UUV on the sonar systems. Even if
various numerical methods were used to analyze the vibration problem of a UUV, it would be hard to predict the vibration phenomena of a UUV
at the initial design stage. In this work, an experimental study using OKPO 300 and an impact hammer was carried out to analyze the vibration
feature of a small real UUV in the air. The frequency response function of the vibration based on the experimental results is presented.
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Fig. 1 Overview of OKPO 300

Table 1 Specification of OKPO 300

Items Value
Body size (LxWxH) 1.80 m x 0.26 m x 0.26 m
Hull material Acrylic
Weight 55.00 kg
Maximum depth 300.00 m
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WRE FHAEY Ui 77 dEss 9%
T—S 4] E'_%] 71 HEAEA #57] 2Al: ML AW
A3 - a2 -
R GRATY YR EATEY
ARREGRATY ERRATRE

HEA O L o] B

IGEY WORDS: Oil leakage 7, Fault detection 2°87%, Model-based observer E27|8t #57], Linear matrix inequality A3 B 5
2, H, performance H, 3%

ABSTRACT: This paper presents an internal oil leakage detection problem for a hydraulic single-rod cylinder. We derive the dynamics of the
hydraulic cylinder as a state space model, and then design a T—S fuzzy model-based fault detection observer. We adopt an H,, observer design
scheme so that the observer is robust against disturbance and relatively sensitive to the leakage fault. Sufficient design conditions are derived in the
form of linear matrix inequalities. A numerical example is provided to verify the proposed techniques.
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Table 1 Indices of fuzzy rules

P i i k l
1 1 1 1 1
2 1 1 1 2
3 1 1 2 1
4 1 1 2 2
5 1 2 1 1
6 1 2 1 2
7 1 2 2 1
8 1 2 2 2
9 2 1 1 1
10 2 1 1 2
11 2 1 2 1
12 2 1 2 2
13 2 2 1 1
14 2 2 1 2
15 2 2 2 1
16 2 2 2 2




408 Sung Chul Jee et al.

ZAdtE Wes 216[2 2 ] zZE[z 12, ], zge[z, 12y }, z4€[z4,z4}
F 16279 2 7}11 A mdZ ¥ 7psst

o
o Oy #A] 2l pefr2, 16 AR FEE 1Ak

p . is o is o is o is 2P
R IF 2z ds 25 and z, is 20 and z3 is 2§ and z; is 2§

(A +Af):r+Bjjw, Ty >y

THEN z= (Ap +Aif):v+Bwpw, x, <y,
(A[?-‘:—Apf)a:-i—BBl’w, |xz| <

A71A, A 72 ME poll thesh= HAE 4, j, k, 1< Table

13 Zon

— 9t -
F=0t4, AT=04,
B{) _00

P u

A)=600A, B, =0'B, B, =015

pTws w, pTw’

2. (Fc—z, )

9: = blockdiag{l,i,z1 12y ,u},
m’ N7 m

23‘(*F07241) ]

_ . 1
Qp = blockdlahg{l,EVZL7 Zy =

Rk 1
6’2 = blockdlag{l,
m ’ mvth

)]

6 1 0 0 O 00 0 0 0

0 —b C"]S_a"zs_l 00 0 0 0 (1]
A=|0—as ' =1, 1, 0] A= 00=2lk 2l ol B =0
0 as ' I, =1, 0 00 Z2,lf fz%lf() 0
0 —b as—as—1 00 0 0 0 1

olth. 4 ()3} 713l HmAsA ]
e % 9ok

Z@ A +Afa:+B w) Ty >y,

p=1

16

E@ (4, +ADz+ B, w), z, <—v, @)
16

Z@ ((A“+Af):L+B” JREN

p=1

4 16 4 16
0,~Tn/3 () $o-1 mon - 5-0,

B 2 =7, B 2y "2y,
/Ll——z — py =1—py, v = — v,=1-u
1 1, 2, 2,
5 2y =2y, 1o z =2y, .
i S —, P 17 P Y — Pa #1

S99 ol Agl o, 3% AH
Aol o) Fsict. sk, AEY ) 1ok B A

kez. AR o] 2AIZE EEUAAE e 22 FHE 59
Fig=2
yp = (g,

A71A, otFEA ke kT ANAH, yT 28 ASE 9H|sH

10000

oosooJ o|t},
000s0

C=

7F8 2 (Jee et al, 2013): =2]°] HO|E 93) T3] &2 A
b otekneTH DOl et z(t) =z, () =z, )=

w(t) =w & 7P

Z@ (([+ 7(A++Af))xk + TB wk> z, >y

p*l

T = EQP (([+ T(A +Af))xk+TB ) x, <y

®)
E @, ((1+ 1(4)+ Ao, + 7B,

) |$2|§”th

y, = (I,

3|28 Aof o)abo] AITHA AAn| Wﬂ PR}l o3 o]
4 Ff Dol BT S Aok i AES NG FEFHe
The} 22 o)Az BE7]o) 93] o) o)7L

16 R ) A
21451‘(([+ TAer)xk - L:(yk - yk-))’ Ty >V
=

R 16 R . .

L1 = E dip(([Jr TA;:)wk 7Lp7(yk - yk))’ Ty <~ Uy
& : - ©
Zldjp((]—i_ TA[?)JJI« - L,?(yk - yk,)), |112 | < vy
b=

yk C.’r‘

= H(y,‘,,:l}k)

A71M, zeR & 29 FAHA, yeR’E yo] FHA, rer*S o
1, LPJF,L;,LOER5X3—8- FA=7) o]E P&, pgep L o8 o=
Yotk FeFAHLAL ¢, =2, —2, 5 F3IA 2 (8)F 2 (9)
29e et g oANAAS 9 4 otk

16

Z@P((1+ TAS+ L O)ey+ TAJx,+ TBrw,), 35> v,
A qup((n TAS+ Ly eyt TAfw,+ TBw,), 35 <— vy (10)

16

Y 0,((I+ TA + LI C)er+ TAfw+ TBYwy), |2,] < vy,

p=1

Tr= H(yk—gk-)



T—S Fuzzy Model-based Sampled-data Observer Design for Detecting Internal Oil Leakage in Single-rod Hydraulic Cylinder ~ 409

(11)

(12)

£ 44 A3t #(Constant time window)©|t}.

o
Lo
—_
H
o
Rs)
i
i
£
o

W WA olRE e gD

4 =y, = with fault
Jr‘ <J,, = no fault

Aol 20 @aF A2E(A] (10)olA w,Z5E /A 1, A%
& thewt geo] Aelunk

e,

ool st #Z71(4 9)7F o= =4
]‘—:1 YAE L, 1, ['F} AF o5 I

8
to
R
>
[
o -
>
=
=2
rlo
,S

0, lf:0°ﬂ 1:}]—5—].0:] 1A O
) ol <~

3. 77 4 &7 4

A2 1 (B5719 W2A 9 D 4-m ) Fold
RO Sl T HBRSHE wEs: YYs
Pr=(P)" >0, P =(P)" >0, P'=(P)" >0, M, M, M,
Hol EARTH eaf Al=E(4 (10)2 ATHoe= st
w, Lol sl y—a, Ass 7t

— P+ * * *

+ + 4+ TZBTPJF * *
(7B;)(P*+ 7P A + M) C) B, <o (1)

P+ TP A+ u;c 0 pr*

HC 0 0 —1i

_p * * *

-\ p- AT+ M;C) T*BP B, -+ * %
(rB,)(P~+ TP~ A;+ M, C) T°B, P™B, — I <o (4

P+ TP A + M, C 0 —-p ¥

HC 0 0 -1

—pY * * ok
(78,) (P'+ P4+ A00) T'BIP'B, =T >« | g5
P+ TPA)+ MC 0 -pt
HC 0 0 —1

for all p={1,2,..,16}

7] A, M;:P*Lp*, M =P L, MI‘):P"L;’OIE}.
% UA 2, >o, 0 Hetd 173} mE F8] 9% Az

A3 B)S THITE I A =) >0 st
FHE T V=l Pre ot ARUA AV i=el, Ple,
—e/Pre, & Aot thg W ¥ — 238 —¥%F (Hamilton —

Jacobi —Bellman) #-521-& 118|314k
[ 12 =~ llw, |2+ AV <0 (16)

91 212 004 Qlle] ARk K7IA) HSHA The BAlE Qck

K K
Q) @ZJO Hnntw@] lw, 1* < V' = Vi (17)

9 WARE A (1L VEE o5
Y o, >0, o TSk BA 19 QF WIS
slek. 2} (16) AANshe thgt e

.
= & 9tk

(16)
T T *
el [|(HO) _ o0 }
@[w} ([ 0 ] [zC0] 72{0[
16, T 16
. (‘71¢1(I+TA +I, C )) P*(12@[([+TAI,J’+L;C))—P+ * H .
" "<
6 - . .
Z (7B, ) ‘P*( i] @I+ TA + L] C)) T°B]P'B, —+1 v
r=1 p=1
—pt *
| S e Sl rayer o) ol s, -
16 T n 16
N (Eq>p(1+m;+gc)) P (HO)T {(P*) 1*J PPy (1 TA + L) o]
p=1 0 7 p=1
0 0 HC 0
—pr * * *
16, 16, .
Yo, TBJ’)TP*( Mo, (1+ 74, + 1L C)) B, P'B, =71 * *
- o + S " + + <0
P P;q(ﬁ TAT+L, C) 0 —pt ¥
HC 0 0 -1
—pt * * *
=1 (TBI )TP+([+ TAP++LP+Cj TQBH{,V,PJFBIA ek <0
PHI+TAT+ L) 0 —-pt ¥
HC 0 0 —1

<(13), for all p&{1,2,..,16}



410 Sung Chul Jee et al.

o714, Al HA| FX]BAA Schur complementE AH8-3+%
. P =M WEXSS ARSSHE v S AAVE A
Jaok PRS2 (14)9) 24 (159 FHL 9 P9 FAS
B2 Atk

m=40[kg], a, =2.5x10"*[m?], a, =1.92x10*[m?],
b=45[Ns/m]

I, =89x10"'*[m°/Ns], g=2x10°[N/m?]
s=3x10", F,=52[N], F,="78[N],v, =0.5[m/s], v, =10 *[m/s]

v, =2.76x10 *[m?], v, =1.76x10"*[m®], p, =7x10°[N/m?],
0 0 0

p,, =0IN/m?]
P pl)
£, =410 m], 2, =0lm/s], x, == T N/m],
Py
z, = —=0[N/m’]

HEshs #571(A 9)e oISsdE=E L), L, L), BE T8
T UATHF= FX).

)% w e RE Fig, 33 20| 27] 1t (05, 05)914 73
A BARE AR o) SE 4, 2

—0.5

o

0.2 0.4 0.6 0.8

[y

Fig. 3 Disturbance

8-1072

x1 and &1

6-1072

4.1072

0 0.2 0.4 0.6 0.8
t

=

Fig. 4 Cart displacement and estimate (solid: z,, dashed: )

when 1, =0
0.5
N
&
o
g
3
2l
8
0
0 0.2 0.4 0.6 0.8 1
t
Fig. 5 Cart velocity and estimate (solid: x,, dashed: ,) when
=0

o AT FH 7Hs3E olF Agl 2 SEZHEH AlLte] 7hssith
ARE F3E te(0,1) A ol f Al 1 =00l tiFE FH8HA
@) #=71(A 9)8 AEEeld AFE Fig. 45 JERATH
Fig. 4¢} 59 A& 27 ¥ 9 A"l 44, £= AMEE
st AL BAZ7]o ofsf F78E Aotk I-elA &
T Aol o] WASHA] e A BF71] FEFHAL
FERet Ao dAshE As & F Utk
ol TR WA Ae-o #5V|] AE AdF
el 0.125 7IHoE ot 22 o)
< 73T

R13H7]

Hel
F AT B

Fig. 63} 79| A2 Zzf el o) Al S84, =9 Ak
of



T—S Fuzzy Model-based Sampled-data Observer Design for Detecting Internal Oil Leakage in Single-rod Hydraulic Cylinder 411

0.1

8-1072

x1 and &1

6-1072

4.1072

0 0.2 0.4 0.6 0.8 1
t

Fig. 6 Cart displacement and estimate (solid: z,, dashed: )

when l; =0

xo and To

0 0.2 0.4 0.6 0.8 1
t

Fig. 7 Cart velocity and estimate (solid: z,, dashed: z,) when

l; =0
ey
@ &7
4 ©)

o2l

SARRE FHE BESHI|E ol 91} B 19 B
Hga Ti WA o RE AT 4 Uk BE7)
1, =00l Tiste] The BAE W,

(0 a

—

K K
A Y e 17 <yt/ D] llw, ||
7=0

7=0

1 & . 1 ¢ ]
S IITTHZ<7\/f [ w, |
\/KIV'V T:kgli'], KW’T:kZIX',‘

1k'
Az 2

Wor=k— Ky

lr 1* <sup ,cpy

1 & 5
Jp, = Sup waﬂ\/KW-rka:A' [ w, || “dr
Vr=Fk— Ky

0.25k _ [k
\ e =0.0054/ =, £ <0.1
{7 w5 = 00055

0.5y=0.025, t=0.1

x10~2

0 0.2 0.4 0.6 0.8 1
t
Fig. 8 Residual Evaluation 1 (solid: J , dashed: .J, )

0.15
=
G 0.1
el
=}
]
I
N~ 5.1072
S SR SR
/
0 ——‘
0 0.2 0.4 0.6 0.8 1

t
Fig. 9 Residual Evaluation 2 (solid: ., dashed: ., )

Fig. 82 HollA Adtd =@t AlrtA 11)el ofs) ozl

FRUME adzZE Jepd oty o BEIIEE
0.1021 ol TE#S 2H3tom Ao 18] At =gof o
2} o] Aol FH7E HASIA S WA F Uk

TheFeE F&elxe] AdS 98l thed 22 2713E 7
= Add 2de a3k

D
, =2x10"2[m], z,, =—1[m/s], Ty = %: 600 IN/m?],

v 3

1

10 )
5 N/m?]

271%e Aol 2 gy g Ay e oke] Adw
%37} A3= Fig. 99 Yehiglen Fig 83

A i B4 2390 0.1013 20 AEBARGT) RER
& 233l FH7h WASESS BT 5 ok



412 Sung Chul Jee et al.

Aot 143 vy o g FIHE fadry 599
< T-S ¥A 2d=2 Yelfglon LuGre "HE 2do] Ed4
TS ololFe Y 9L /MEth i AEE AT A
A BF7E Yol AR A, H5g THAES AAFHNS
H #AZ7] AA 2L AFPERFAHCE YRGS Be
A
b

F8 7 Ropoltk.

s 7
o] EEE 20169 HPFHE AUCE G| Y]]
T AL Wol SR ATY FNWNLE FFAURE

ARAEE, PJT200539).
References

Alleyne, A, Liu, R, 2000. A Simplified Approach to Force Control
for Electro-hydraulic Systems. Control Engineering Practice,
8(12), 1347-1356.

Guo, J., Huang, X, Cui, Y., 2009. Design and Analysis of Robust
Fault Detection Filter using LMI Tools. Computers and
Mathematics with Applications, 57(11-12), 1743-1747.

Jee, S.C, Kang HJ., Lee, M],, Li, J.H, 2016. H,, Observer
Design for Detecting Internal Oil Leakage in a Hydraulic
Cylinder. Journal of Institute of Control, Robotics and
Systems, 22(2), 117-125.

Jee, SC, Lee, HJ., Joo, Y.H,, 2012. H /H, Sensor Fault Detection
Observer Design for Nonlinear Systems in Takagi—Sugeno’s
Form. Nonlinear Dynamics, 67(4), 2343-2351.

Jee, S.C, Lee, HJ.,, Kim, D.W,, 2013. Sampled-data Fault
Detection Observer Design of Takagi—Sugeno Fuzzy
Systems. Journal of Korean Institute of Intelligent Systems,
23(1), 65-71.

Jee, S.C, Park, JW.,, Kim, MK, Lee, M]J., Kang, HJ. Hong,
SM., 2015. Model-based Observer Design for Detecting
Internal Oil-leakage of Hydraulic Cylinder: LMI Approach.
Proceedings of Korean Marine Robot Technology Society
2015 Autumn Conference, 150-151.

Lee, JW., Park, JW., Suh, ]J.H., Choi, Y.H., 2015. Redundant
Architectural Design of Hydraulic Control System for
Reliability Improvement of Underwater Construction
Robot. Journal of Ocean Engineering and Technology,
29(5), 380-385.

Liu, J, Wang, J.L,, Yang, G.-H., 2005. An LMI Approach to
Minimum Sensitivity Analysis with Application to Fault
Detection. Automatica, 41(11), 1995-2004.

Wang, J.L.,, Yang, G-H,, Liu, J., 2007. An LMI Approach to #_
Index and Mixed H_/H, Fault Detection Observer Design.
Automatica, 43(9), 1656-1665.

Yao, B., Bu, F., Chiu, G.T.-C,, 1998. Nonlinear Adaptive Robust
Control of Electro-hydraulic
Discontinuous Projections. in Decision and Control, 1998.
Proceedings of the 37th IEEE Conference on, 2(3), 2265-2270.

Yao, B, Bu, F., Reedy, J., Chiu, G.T.-C,, 2000. Adaptive Robust
Motion Control of Single-rod Hydraulic Actuators:

[EEE-ASME Transactions on

Servo Systems with

Theory and Experiments.
Mechatronics, 5(1), 79-91.

Yao, ], Yang, G, Ma, D., 2014. Internal Leakage Fault Detection
and Tolerant Control of Single-rod Hydraulic Actuators.
Mathematical Problems in Engineering, 2014, 1-14.

=
= =

|

—1.00 3.42x107Y —3.92x107°
—2.28x107° 4.19x10°% —4.79x10"°
1.08<107% —5.33x107° 2.29x107°
—1.20x107* 2.39x107° —6.07x10"°
| 2.90x1072 —5.00x10"% 5.61x10"° |

—1.00 3.40x10"Y —3.90x10"°
—2.25%107° 4.15%107°% —4.74x10"¢
1.07x107% —5.32x107° 2.28x107°
—1.28%x107* 2.37x107° —6.06x10"°
[ 2.83x1072 —4.90x107% 550107 % |
[ —1.00  3.38x107? —3.87x107 7|
—2.24%107° 4.12x107°% —4.71x10"¢
LI =1 1.06x10"* —5.30x10"° 2.26x10°°
—1.28%x107% 2.36x107° —6.04x10°°
2.78 1072 —4.82x107° 5.40<10"
[ —1.00  3.40x1079 —3.91x107"]
—2.26x107° 4.16x107% —4.76x10"°
Lf=| 1.07x107 " —5.32x107° 2.28x10°
—1.29x107* 2.38x107° —6.06x10"°
2.86x107 %2 —4.94x107° 5.54<10" 3

—1.00 3.42x107° —3.92x107°
—2.28x107° 4.19x107% —4.79x10"°
LF=| 1.08x107* —5.33x107° 2.29x107°
—1.37x10"* 2.53x107° —6.24x10"°
290102 —5.00x<107° 5.61x10 3

—1.00  3.40x10°° —3.90x10"°
—2.25x107° 4.15x107% —4.74x107°
L= 1.07x107* —5.32x107° 2.28x10°

—1.36x10"* 2.51x107° —6.22x10"°
2.83x1072 —4.90x107° 5.50x10 3

—1.00 3.38x1077 —3.87x107°?
—2.24x107° 4.12x10°% —4.71x107°
LI =] 1.06x10"* —5.30x10"° 2.26x10"°
—1.35x10"* 2.50x107° —6.21x10"°
2781072 —4.82x107% 540x103




Lt =

10

Lh =

11

L=

12

+
LI:}*

L

.
L

T—S Fuzzy Model-based Sampled-data Observer Design for Detecting Internal Oil Leakage in Single-rod Hydraulic Cylinder

—1.00 3.40x107Y —3.91x107"°
—2.26x10"° 4.16x10°% —4.76x10" %
1.07x107% —5.32x107° 2.28x107°
—1.36x10"* 2.52x107° —6.23x10"°
2.86<107%2 —4.94x107° 5.54<107°
[ —1.00 3.42x107° —3.92x107°
—2.28x107° 4.19x10°% —4.79x107°
1.13x107% —5.43%x107° 2.41x107°
—1.20x10"* 2.39x<107° —6.07x107°
| 2.00x1072 —5.00x10"% 5.61x10"3

—1.00 3.40x10" % —3.90x107?
—225%107° 4.15x107% —4.74x10¢
1.12X107% —5.41x107° 2.39x10°°
—1.28x107* 2.37x107° —6.06x10"°
2.83x107% —4.90x10"% 5.50x10*

—1.00 3.38x107° —3.87x107"
—2.24x107°% 4.12x10°6 —4.71x107°
1.12x107* —5.40%x107° 2.38x107°
—1.28%x107% 2.36x107° —6.04x10°
2.78 %107 % —4.82x107% 540103

—1.00 3.40x107% —3.91x107°
—2.26x107° 4.16x107% —4.76x10"¢
1.13X107* —5.42x107° 2.40x10°°
—1.29%10"* 2.38x107° —6.06x107°
2.86<1072 —4.94x107°% 5.54x107 3

—1.00 3.42x107° —3.92x10°°
—2.28%x107°% 4.19x10°6 —4.79x10"°
1.13x107% —5.43%x107° 2.41x107°
—1.37x10"* 253x107° —6.24x107°
2.90x10"% —5.00<107% 5.61x10"°

—1.00 3.40x107% —3.90x107?
—2.25%107° 4.15x107% —4.74x10°¢
1.12x107% —5.41x107° 2.39x107°
—1.36x10"* 251x107° —6.22x107°
2.83x107% —4.90x107°% 5.50x10"3

—1.00 3.38x107° —3.87x107°
—2.24x107°% 4.12x1076 —4.71x107°
1.12x107% —5.40%x107° 2.38x107°
—1.35x10"* 2.50x107° —6.21x10"°
2781072 —4.82x107° 5.40x107 3

—1.00 3.40x107% —3.91x107°
—2.26x107° 4.16x10°°% —4.76x10"¢
1.13x107% —5.42x107° 2.40x107°
—1.36x10"* 2.52x107° —6.23x10°°
2.86<1072 —4.94x107°% 5.54x1073

—1.00 3.40x107° —3.91x107°
—2.26x107° 4.16x10°% —4.76<10" %
1.07x107* —5.32x107° 2.28x10"°
—1.29x107* 2.38x107° —6.06x10"°
| 2.86x1072 —4.94x1073 5.54x1073
[ —1.00 3.38x107Y —3.87x107"°
—2.24x107°% 4.12x107% —4.71x10"¢
1.06x10"* —5.30x107° 2.26x107°
—1.28x10"% 2.36x107° —6.04x10"°
| 278 <1072 —4.82x10"% 5.40x10"°
[ —1.00 340107 —3.90x107°
—2.25%107° 4151070 —4.74x107 ¢
1.07x107% —5.32x107° 2.28x107°
—1.28x107* 2.37x107° —6.06x10"°
2.83x107% —4.90x10"% 5.50x10 3

Ly, =

L,

oy

—1.00 3.42x107° —3.92x107°
—2.28x107° 4.19x10°% —4.79x10"°
1.08x107* —5.33x107° 2.29x107°
—1.20x10"* 2.39x107° —6.07x10"°
2.90x10"% —5.00x<107° 5.61x103

—1.00 3.40x1077 —3.91x107?
—2.26x107° 4.16x10°% —4.76 <10 °
1.07x107% —5.32x107° 2.28x107°
—1.36x10"* 2.52x107° —6.23x10"°
| 2.86x1072 —4.94x107% 5.54x107° |

—1.00 3.38x107° —3.87x1077
—2.24x107° 4.12x107°% —4.71x10°¢
1.06x10"* —5.30x10"° 2.26x107°
—1.35x10"* 2.50x107° —6.21 <107 °
2781072 —4.82x107° 540x103

—1.00 3.40x1077 —3.90x107?
—2.25x107° 4.15x10°% —4.74x107°
1.07x107% —5.32x107° 2.28x107°
—1.36x10"* 2.51x107° —6.22x107°
| 2.83x1072 —4.90x10"% 5.50x10"° |
[ —1.00  3.42x1079 —3.92x1077]
—2.28x107° 4.19x107% —4.79x10"°
1.08 10" * —5.33x107° 2.20x107°
—1.37x107* 2.53x107° —6.24x107°
2.90x10"% —5.00<107° 5.61<10" 3

—1.00 3.40x<10"° —3.91x10"°
—2.26x107° 4.16x10°% —4.76 <10 °
1.13x107% —5.42x107° 2.40x107°
—1.20x107* 2.38x107° —6.06<10"°

2.86x107% —4.94x107° 5.54x103
[ —1.00 3.38x107Y —3.87x107"
—2.24x107° 4.12x107°% —4.71x10°°
1.12x107% —5.40<107° 2.38x107°
—1.28%x10"*% 2.36x107° —6.04x107°
| 2781072 —4.82x1073 5.40x10"*

—1.00 3.40x107° —3.90x107"°
—2.25x107° 4151070 —4.74x107°
1.12x107% —5.41x107° 2.39x107°
—1.28107* 2.37x10°° —6.06x107°
| 2831072 —4.90x10"% 5.50x107?
[ —1.00 3.42x107Y —3.92x107"?
—2.28%107°% 4.19x107% —4.79x10°¢
1.13x107% —5.43x107° 2.41x107°
—1.29%10" % 2.39x107° —6.07x10"°
| 2.90x1072 —5.00x10"% 5.61x10"°

—1.00 3.40x107° —3.91x107°
—2.26x10"° 4.16x10°% —4.76<10" %
1.13x107% —5.42x107° 2.40x107°
—1.36x10"* 2.52x107° —6.23x10"°
| 2.86x1072 —4.94x107% 5.54x107°
[ —1.00 3.38x107Y —3.87x107"°
—2.24x107°% 4.12x107% —4.71x10°¢
1.12x107% —5.40<107° 2.38x107°
—1.35x10"% 2.50x107° —6.21x10°°
| 2781072 —4.82x107% 5.40x10"°
[ —1.00 340107 —3.90x107°
—2.25%x107° 4.15x107% —4.74x107¢
1.12x107% —5.41x107° 2.39x107°
—1.36x10"* 2.51x107° —6.22x10"°
2.83x107% —4.90x107® 5.50x10?

413



414
Sung Chul Jee et al.

—1.00 3
421077
- —2.28%10° 4.19X1876 —3.92x10"°
Ly =| 1.13x107* —5.43x1 —4.79x10°° oo
- : 07’ 2 - -1 _
1. _ 4 41 % 5 3.40 %< 9
371074 2.53x107°7 — 10 —9.96x10° 1070 =3.9110~°
2.00%10°2 — 6.2410° = 416x10°% —4 _
5001073 5.61x10"3 1.13%10°4 —5.42%10°° 761076
100 340%x10-° — 1.99%10-4 2.3 0 2.40%107°
—2.26x107° 3.91x107? - 38%107° —6.06x10"°
0= 416x10° 6 — 2.86x10°2 —4 S x107°
=1 1.07x107* — 4.76 1076 [ 941077 5.54x107?
5.32%107° 2 v —1.00 0 7 554107
—1.29x10"¢4 28 <107 ° _ 3.38%107° —3 B
2.38x107° — _ 2.24%107° 8 871077
| 2861072 — 6.06 107> 0 = 412x10°° —4 -6
4.94x107% 5 7 0 1.12x10°4 — 711076
—1.00 54103 _ 5401075 2.3 o
_ 3.38x107Y —3.87x e 198 10~* 2.36x10°° .38 <10 °
70— 241077 4.12x107% — . 10 [ 278x107% —4 - —6.04>10"°
0= | 1.06x107+ —5.30x10" 471 %1079 10 82x107% 5.40x107°
—128%10°" 23 X1077 2,26 107° _ 00 3.40x107° —3 .
236107 ° — B 2.25x10°° - .90x107°
2781072 — 6.0410°° Ll = 4155107° —4.74x10°°
4.82%1073 5.40x10"3 1 L1210~ —5.41%10°° 74x 106
. 100 340100 —3.00510-° —1.28%10°* 2.37“095 2.39x107°
- 25%10°° 4.15%10°6 — 90107 2.83%10°2 —4 . —6.0610"°
)= LOTx10-4 — 474510~ : 90x107% 5.50 Ty
5.32107 7 —1.00 50X10°
—1.28x10°¢ 2.98 %107 ° _ 3.42%107° —3 B
2.37x107° — B 2.98 <107 ? . 921077
| 2.83x1072 — 6.06<10"° [,10 — 4.19%x107% —4 4
: 4901073 5.50%10" 3 2 113%10°4 —5.43%10°° 79x1076
—9 L0 3421070 392107 —1.29>10° 1 2.39x10° 7 2410 7
70— 2851070 419x10°5 —4. <10 [ 2.90x107% —5 ° —607x107°
4= LOSX10~% —5.33 . 4.79 %1076 [ 1.0 00x1073 5.61x1073
—120%10°¢ 23 X107 2291077 L 3.40x107° —3 .
2.39x107° — B 2.26x10"° - 91x107°
200102 — 6.07x107° 0= 4.16x107° —4 ¢
5.00<10~° 5.61x10~3 3 LI13x10"% —5.42%10°° 76107 °
. 100 340%10°° —3.01x10°° 1361071 2525107 2.40<107°
= 2651077 41631070 —4, <10 [ 2.8610°% —4 - —6.23510 5
0— | 1Lo7x10-" —532x10°7 4761076 oo 94107 554x107°
—1.36x10"* 3251077 2.28 <107 s 3.38x107° —3 _
2.52x107° — _ 2,94 107> . 87x107Y
2.86x10" % — 6.23 <10 ° L), = 4.12x107% —4 e
- 4.94%107° 5 . 4 1.12x10°% — 711076
100 541077 _ 5401077 2.38%107°
L 338%10°° —3.87%10"°] 1.35%10°4 2.50 <10~ ° .38 <10 °
70— 241077 4.12x107% — 8710 | 2781072 —4 - —6.21x107°
d=1 1.06%10"* —5.30x10"° 4.71 %1076 10 821073 5.40x1073
1351070 25 1077 2.26x10°° oo 0 340x107° =3 -
2.50x107° — - 2.95%10° - .90<107°
278%1072 — 6.21 107" I = 4.15%10°% —4 .
° 482 10-% 5.40%10-° 5 112%10°4 —5.41%10°° 741076
. 100 3.40x107° —3.90x107? 136101 251107 2.39107°
L= 925%107° 4.15%10°6 — 9010 [ 2.83x107% —4 - —622X107°
=| Lo7x107" — 474107 ' 90107 550107
5.32x107° 2 , —1.00 5010
—1.36x10"* 2 0" 228x10°° ' 3421077 —
B51x107° —6 s —2.28 <107 ° 3.92x10°°
2.83%107% — 22107 0= 419x10"°
T 4901073 5.50% 103 6 113104 —5.43 % 75—4.79><10’°'
00 3.42x107 9 — : —1.37x10"* 431077 2411077
—2.28%107° P 3921070 2.53%10°° — s
Lg(): 4.19x10°5 — i | 2.90x1072 — 6.24 <10 °
L0810-4 —5.33510-5 4.79%10°6 5.00<10°3 5.61x10°3
—1.37x107 4 2.5'3“195 2.29%107° . 1.86  4.20x10°°—4
2005 10-% —5.00 0 ;6,24“0,5 = 420x107° 3.89x107° 2687“079
001073 5.61x10"% —4.87x107° 62x107°
: 0 1077 2. -
621077 2.89%107°




[ Original Research Article ]

F&es| 2 A30W A5Z, pp 415-425, 20161 10€ / ISSN(print) 1225-0767 / 1SSN(online) 2287-6715

Journal of Ocean Engineering and Technology 30(5), 415-425 October, 2016

http:/ /dx.doi.org/10.5574/KSOE.2016.30.5.415

Integrated Control of Underwater Manipulator and Master Arm
using LED Communication

Ji-Youn Oh, Bong-Huan Jun’, Hyeung-Sik Choi, Joon-Young Kim),
Dae-Hyeong Ji;, Hyeon-Joong Son" and Sung-Won Jo

"Division of Mechanical Engineering, Korea Maritime and Ocean University, Busan, Korea
“Korea Research Institute of Ship and Ocean Engineering, Daejeon, Korea

LED #54le A&7 vk=y o4 %5 MyElE e 58 Ao
oAE - ARH - A - PG ARG - £8F - 24
ATt Z1AZ e
AN Y EREAT A

KEY WORDS: Underwater manipulator 5% viU&E#|©|E], Master arm P}2=E ¢, Remote control
communication 5% LED &4, Integrated system %% A2=l, Graphic user interface program 123

924 Ao, Underwater LED
A QE]FH o)A ZE Y

ABSTRACT: This paper presents the results of a study on the control system for an underwater manipulator controlled by a master arm through
LED communication. The underwater manipulator was designed to be actuated by electric motors with six degrees of freedom for operation in
various underwater environments. The master arm, which can remotely control the manipulator, was designed with a structure similar to the
manipulator for convenient control. An underwater LED communication system was developed to communicate between the master arm and
underwater manipulator. An integrated control program was developed that included data conversion, monitoring, datalogging, and filtering. Some
experiments were performed to verify the performance of the developed control system of the master arm, manipulator, and LED communication

system, and the results are presented
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Fig. 2 Forward kinematics for the underwater manipulator

Table 1 Parameter of the underwater manipulator
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(@) 3D image of the master arm

Fig. 5 Master arm

Fig. 6 5 bar gimbal mechanism of aaster arm
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VEH+ based Obstacle Avoidance using
Monocular Vision of Unmanned Surface Vehicle
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ABSTRACT: Recently, many unmanned surface vehicles (USVs) have been developed and researched for various fields such as the military,
environment, and robotics. In order to perform purpose specific tasks, common autonomous navigation technologies are needed. Obstacle avoidance
is important for safe autonomous navigation. This paper describes a vector field histogram+ (VFH+) based obstacle avoidance method that uses the
monocular vision of an unmanned sutface vehicle. After creating a polar histogram using VEH+, an open space without the histogram is selected
in the moving direction. Instead of distance sensor data, monocular vision data are used for make the polar histogram, which includes obstacle
information. An object on the water is recognized as an obstacle because this method is for USV. The results of a simulation with sea images
showed that we can verify a change in the moving direction according to the position of objects.
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Table 1 Conditions of the simulation and result of figures
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Table 1 Computed wind and current forces on buoy models
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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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