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Abstract
Heavy disasters of oil spill on the sea have occurred in recent years. These disasters bring enormous damage
on the ocean environment as well as regional economies. An oil drifting simulation must be carried out to
forecast where the spilled oil will wash ashore and to adequately deploy oil recovery machines, which requires
the meteorological and oceanographic data around spilled oil transmitted in real time starting when the oil spill
occurs. A project funded by JSPS is being carried out for 5 years since FY2011 to construct an innovative
system for the prevention of ocean disasters. SOTAB-I is a part of such a system. (SOTAB is the abbreviation
for Spilled Qil Tracking Autonomous Buoy.) It has the functions of autonomous tracking and monitoring of
spilled plumes of oil and gas from seabed. It is equipped with a buoyancy control device, two pairs of
rotational fins for guidance and control and sensors to detect dissolved gas and oil. It has two modes of motion,
vertical and horizontal. In vertical mode, it repeats descending and ascending using the buoyancy control
device and samples the data of the spilled oil and gas in addition to the current around the robot. In horizontal
mode, it moves parallel to the seabed taking photos of the oil well. This paper describes the guidance

simulation of the robot in such two modes.
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Fig. 1 Concept of whole system

12 EEM
AW TIX SOTAB-I OFRFIBRAFEDO /O DFHEE L I 2 L—
a v &{To72, SOTAB-1IZIZKREL BT T2 o0FfEE— R
PDHEEENTWD, 1 DITEHL - BBV E L >OfT 0
W Em oMK O T — % ZINET D Vertical £— K
(Fig. 2), b 9 1 DITEBEIZB VT, WEmICK LKEICE
B L 722 A% & H6E L /- IR ek 1o & v B BRSO 2 52
#%9 % Horizontal €— K T& 5 (Fig. 3),
ING2Oo0WEE— FEEBTHLDDOTIalb—Ta
vFu s T AOREE, Tha AV RAEER, KO CFD #HE
12 & DRI IR IR D HEE 21T o 72,

Fig. 2 Vertical mode
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Fig. 3 Horizontal mode
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Fig. 6 Body fixed coordinate system
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Fig.7 Simulation model (prototype)

Table.1 Principal Particulars of the robot

AR [mm] 2247
FEIAERE [mm] 297
K[ EE [kof] 110
K EE [kof] -3.0~+3.0
BG [mm] 70
a2— KR [mm] 200
AE)ER FEiE [mm] 400
#E [mm] 36
a2— KR [mm] 150
[ 2 FEiE [mm] 320
®E [mm] 26
Table.2 Derivative of the fluid forces
%k AT
Cry 0.56697 0.56697
c 0.56697 a 0.56697
: +0.21229 o? +0.26119 o?
Coner 1.0418 0.5467
Cpg 0.21073 1.5105
0.56697 a? 0.56697 a?
CDa 3 3
+0.21229a +0.26119a
Cimg —138.3122 —247.935

34 V3alL—YaUiER
SOTAB-I DIEATER A RET D B2, RO _OEEEDIL
el Uiz,

i), 2,000m S % TOEEICET DR

iN). & DOREOKIIT A B
COWTIE, B - R EO L L0EA LB OFEM %
WL, BhaEs 2L TKEFROHEE LT3,
T, ¥YIab—ya UiERERT,

(1) EXETIV (B - Bifibs 0 E, FLEF 30 E)

V3o lb—a rOfERE, BEKEEEERE Hoime
WEE LTI 7L LIZb DR Fig.8 THDH, ZOFERLD
KEBEIERE 2,221m Th o 7=, £7-, E1EI2E LR
310,926 ¥, K 3MFE & 72T,



Horizontal Distance [m]
0 T T T T 1
500 1000 1500}(0 2500
-1500 J///////'
-2000 -
Fig.8 Depth-Horizontal Distance

ZORERE I, KIERBEEES D1 L & SR R o RG22
DI L TRk EZZET LT <,

Depth [m]
—_
o
S
(@]

(2 ESEHRETIV (BH : BWEF 30E, FLE 30 %)
(1) TR LTI EEARTT VTR ESMOBEREICZ LW,
Z 2T, Fig. 9 1T T X5 RIEMIEROFET VEZELEL
7=,

Fig. 9 New simulation model
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Table. 3 Derivative of the fluid forces of new model

%+ BT

Cra 0.44583 0.44583
c, 0.44583a 0.44583a
+0.244447a? +0.244447 >

Conae 0.72495114 0.72495114

Cno 0.218168 0.6961
0.44583q2 0.44583a2
CD a 3 3
+0.244447a +0.244447
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Fig. 10 Depth-Horizontal distance of new model
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Table. 4 Relation between angle of body and fixed

wing area/angle of movable wing

NE—y | BEEER FE
No. [m?] B2 [deg] | #IKERA [deg]
1 0.09 30 36.83
2 0.09 35 34.89
3 0.09 35 34.89
4 0.09 30 36.83
5 0.16 30 37.31
6 0.16 35 35.19
7 0.16 35 35.19
ERIR
1 0.09 30 -44.11
2 0.09 25 -40.04
3 0.09 20 -34.72
4 0.09 20 -34.72
5 0.16 30 -45.24
6 0.16 20 -37.71
7 0.16 15 -31.38
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Table. 5 Differences of distance in several patterns

ZLE B
INE—> | TEENEERE | PTERFR | BEIIERE | ATERR
No. [m] [sec] [m] [sec]
3 2021.64 6115 727.13 4041
4 2078.44 5582 727.13 4041
6 1871.56 6184 926.27 4401
7 1871.42 6184 791.97 4046
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Fig.11 Pitching angle — Elapsed time
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Fig. 12 Depth-Horizontal distance (1,000m submerging)
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Fig. 13 Depth-Elapsed time (1,000m submerging)
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Fig. 14 Approximate circle as regular polygon (24)
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Table. 6 Investigation of cylindrical field
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Ha£% 10km O & T - 500m~ 7K [ 25 min

Rt 61.5 hour
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Fig. 15 Distribution of spilled oil & SOTAB-I’s route
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Fig. 16 SOTAB-I’s route & boundary lines of spilled oil
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5. Horizontal €E— F
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Fig. 17 Horizontal mode
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Fig. 18 Stop at an altitude of 1m from seabed
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Fig. 20 CFD model 2
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Table. 7 Drag and drag coefficient between two models

D [N] S [m?] Cp
Model 1 79.8053 0.89201 1.46127
deelz 47.2626 0.76087 1.01455
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Table. 8 Pitching moment around Y axis

Moment [Nm]
-7.1412103
-22.290727

Model 1
Model 2
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