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Abstract

The buoy-enabled underwater surveillance system is a device that is installed in a particular sea area and operated
for a certain period of tine and moved to another sea area after recovery. In this paper, a mooring method which is
applied for a buoy-enabled underwater surveillance system was selected to maintain installation and enure stable
operation. Also, the structure of the mooring line was designed. Two-point mooring method was selected considering
interference with the communication cable of array-assembly. The composite structure of buoy chain, nylon rope, and
anchor chain is designed as the basic component of mooring line. For the verification of design, a numerical
simulation and wave tank experiment were performed. Their results were confirmed similarity in test condition.
Finally, the mooring lines were designed for the environment of the sea trial location. The mooring line produced by
the final design confirmed the stability above the significant wave height considered in the design on the sea trial.
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Table 1. Test condition

Wave Current
Case height | period |direction | velocity |direction
[m] [sec] | [deg] | [m/s] | [deg]
LC1 50 1.0 0 - -
LC2 50 1.0 180 - -
LC3 50 110 0 1.0 0
LC4 50 1.0 180 1.0 180
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Table 2. Specification of the mooring line in test environment

ltem Specification

$32 mm, Length=2.0 m
Weight=22 kg/m, MBL=582.4 kN
¢40 mm, Length=35.0 m
Weight=1.0 kg/m, MBL=262.3 kN
¢60 mm, Length=70.0 m
Weight=79.0 kg/m, MBL=1933.3 kN

Buoy Chain

Nylon Rope

Anchor Chain

Buoy

|

Buoy Chain
(@32mm, L=2.0m)

Nylon Rope
o [040mm, L=35.0m)

Mooring Line 2 Mooring Line 1

Water Depth
=30m

Anchor Chain
(@60mm, L=70m)

% 2. 43 2HoM AFElel vixlea
Fig. 2. Sketch of the mooring line in test environment
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Table 3. Simulation result of the mooring line tension

Case Mooring line 1 [kN] | Mooring line 2 [kN]
LCt 54.3 525
LC2 522 56.2
LC3 570 499
LC4 495 5.0
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Table 4. Scaled model specification of the mooring line

ltem Specification

Buoy Chain ¢1.0 mm, Length=4.7 cm

Nylon Rope ¢1.0 mm, Length=81.0 cm

Anchor Chain

¢1.0 mm, Length=163.0 cm
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Fig. 3. Sketch of the mooring line experiment
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Table 5. Comparison of the result of simulation and water
tank

Case Mooring line 1 [kN] Mooring line 2 [kN]

Simulation Tank Simulation Tank
LCt 543 56.7 525 472
LC2 522 470 56.2 555
LC3 57.0 60.4 499 525
LC4 495 539 59.0 63.2
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Fig. 5. Result of the mooring line tension
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Fig. 4. Installation shape in a wave tank



Journal of KIIT. Vol. 16, No. 12, pp. 41-47, Dec. 12, 2018. pISSN 1598-8619, eISSN 2093-7571 45

V. AFetel & 8A H 28

41 Azalel 2

O

AA

Foly A A2Hl] A A el

o2 AReRl HE AAE -?53‘3}93\5}. e
FABA Z2a9E o] g3ste] FA 4Tm, =
681lnys, Fro)9 4.0m, 181 J}—r7] 7.72sec
A wiyfAeZ A5

m S ofN mlm
o r

i

E 6. ARl A o 24
Table 6. Minimum safety factor of the mooring line

Condition of system Analysis Method
Quasi—-dynamic Dynamic
Intact 1.75 1.67
Damaged 1.25 1.25
Transient 1.25 1.20
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Fig. 6. Shape of the final mooring line design
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Table 7. Specification of the final mooring line design

[tem Specification
) ¢32 mm, Length=10.0 m

Buoy Chain |\ e\ oni=224 kg, MBL=583 KN
Nylon Rope @40 mm, Length=110.0 m

Weight=110 kg, MBL=294 kN

Anchor Chain @60 mm, Length=70.0 m

Weight=5,524 kg, MBL=1940 kN
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Table 8. Simulation environment of the final mooring line
design

Wave Wind Current

Casejheight|periodidirection| velocity ldirectionivelocity|direction
[m] |[secl| [deg] | [m/s] | [deg] | [m/s] | [deg]

Ot|40|772] O 36.0 0 (o068t O

2|40 |772| 45 | 360 | 45 |0681| 45

03|40 |772| 0 | 360 | 9 |0681| 90

O4|40|772| 135 | 360 | 135 | 0681

05|40 |772| 180 | 360 | 180 | 0681

06|40 |772| 225 | 360 | 225 | 0681 | 225

O7 |40 | 772 2/0 | 360 | 270 | 0681 | 270

o8| 40 |772| 315 | 360 | 315 |0681| 315




46 Folg FFA NzHelA AR T2 2A

—Hr

ATl Aol A7 fsiAe Thrtol
WAsEA] erotok stal o] 69 AR
@B_/\‘)ﬂ/ﬂ Intact, Dynamic Z71°| @3] uich
YEIb AR Aol Lol o grEo] gtk Al
& AolEFe TS wAIEH] As 24 AR
HGA|, Folg} FANA 7t AFeAelA T
= A8 7 Alg3A tiste] x99 2
ALk

._,_O

203‘:053}0{10\‘
w b mE b

>

E

gielel] WS HudeE2 AP 06, AlF
A 20A HolzyA QAR 27.6kN, FAIALR
17.2kNO.& ALt= et 2t AlFerele] kds A
33 FAAY A % 794 71eH ﬂlva}‘ﬂ«l
A% A A RE
ole] QAL SRF Ao E FolEiTh
7% % 99 RlwE Fote] ARIY HF
A Aol e s 71%95& ﬂE@ﬂ]i Azte
T e ol FujdllA A
FERAN A"y EA
Aol T2 s gofAef A
B3z AlFeRldaA A
Fol wh "l B0 3mm/year )% IHIFF ],
UYE 2% mre} y4E a8ty kS
vt AAE ¢SS

4 oft ¥

<
o o

9 Al"Etbol ofst AR &= AlM 23
Table 9. Result of the mooring tension in simulation
environment

Mooring Tension [kN]

Case Buoy Anchor

Mooring Mooring Mooring Mooring

line 1 line 2 line 1 line 2
01 175 56 32 0.1
o2 21.7 158 96 2.6
o3 20.7 223 8.6 107
o4 174 24.3 42 129
05 79 159 0.2 2.2
06 20.3 273 79 172
o7 24.0 253 132 15.0
08 256 188 149 59
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Fig. 7. Mooring line in buoy-enabled underwater
surveillance system
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