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A Feasible Study on the Development of Field
Adaptive Mooring Buoy for Small Vessel

Park, Hye Ri

Department of Coast Guard Studies

Graduate School of Korea Maritime and Ocean University

Abstract

Mooring buoys are special purpose aids to navigation to moor vessels such as oil
tanker in accordance with the law of Aids to Navigation in Korea. Specially, The
Korea Coast Guard uses these buoys to moor its small vessels, which are 150 gross
tonnage and less, when it patrols Korean coastal waters. However, many mooring
buoys have problems that result from their structure and materials, and from the
difficulties of managing them. From the perspective of navigators, they cause some
confusion and there is some risk of collisions because of their position. From the
perspective of administrators, they create too much work and overspending due to
their structure and material. For the purpose of solving these and other problems,
the Republic of Korea needs to develop field adaptive mooring buoys in
consideration of the meteorological elements of Korean coastal waters and the

vessels which use the mooring buoy.

This paper studies the development of field adaptive mooring buoys for small
vessels in consideration of the meteorological elements of Korean coastal waters,

the vessels which use the mooring buoys, and the recent trends of special buoys.

_ix_



To analyze operation states and improvements to mooring buoys, the mooring
buoys of Korea Coast Guard and Korea Navy are surveyed, and so an optimized
field adaptive mooring buoy is proposed. The paper also evaluates the stability of
developed mooring buoy in the meteorological elements of Korean coastal waters
and standardizes the field adaptive mooring buoy for small vessels. The paper will
describe the advantages in terms of maritime safety and the efficient management
of aids to navigation.

KEY WORDS: the development of field adaptive mooring buoy, &2 A A K
¥ 70 mooring buoys for small vessel, A&Aul AAMRE; the stability of

mooring buoy, H3% <HHA
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422 A3

7}. F4l(center of gravity)

Table 383} o] A4, &,

-
R

4914

Nlo

s s AAR

Al

i
)
i

Nlo

o

Ahskoiot.

=
=

be (D3} ol o] F41913(KG)

J]

g4s VEdew A

—_
fite)

D

KG= M,/ W= —0.350m

lkg x 9.8m/s

* 1kef
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Table 38 %A SY 2Pt AMRE 2

==

=
= =

4

q 3 e %% 71EA A YA | ZEFANA | AFY B4
T (g | ZE2AAEY | BdEGgtm) | ADARMD | ZHEkgt-m2)
443597 1 | 5.000 3.920 19.600 15.366 76.830
97 489 [ 1 | 309 3.690 11.402 13.616 42,073
golt FZ8g | 1 | 11180 3.370 37.677 11.357 126.971
JZdg H2A | 2 | 46.280 3.370 155.964 11.357 525.602
o714 I2E | 1 | 37.860 2.845 107.712 8.094 306.439
3 AAA
Saua9 4 | 9540 2.100 20,034 4.410 4201
ohAslEH Y
2 | 12440 3.150 39.186 9.923 123.442
A gho|X
tAstey Y
i 4 | 16.380 2.600 42.588 6.760 110.729
o} [}
b7 LEE“ 4 8 | 56.330 2.560 144.205 6.554 369.187
A ZA
W 1 | 33600 2,000 67.200 4,000 134.400
BYIE 137 1 | 4470 2.100 9.387 4.410 19.713
JZX HE 2 | 66.000 2,300 151.800 5.290 349.140
oloky g 2 | 38.200 2,100 80.220 4.410 168.462
A A% 1 | 298.400 2,000 596.800 4,000 1193.600
%A 2% 1| 940.900 1.000 940.900 1.000 940.900
%4 &% 1 | 298.400 0.000 0.000 0.000 0.000
I FAYR | 1 | 367450 1.000 367.450 1.000 367.450
Zdc gAEH | 1 | 191100 1.000 191.100 1.000 191.100
FAYE 293 | 1 | 44350 1.000 44,350 1.000 44,350
i Fobd
E wa 8 | 10.170 1.800 18.306 3.240 32.951
Y Fobg
. 8 | 16.960 0.200 3.392 0.040 0.678
3L Bl
A 4% &%
e 8 | 34410 1.980 68.132 3.920 134.887
¥4 2% +3
2 8 | 55.950 1.000 55.950 1.000 55.950
A 20 4R
B9 8 | 7630 1.900 14.497 3.610 27544
¥4 2% &%
8 | 7630 0.150 1.145 0.023 0.175
g4
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4 3 3 %% 712X A FHIYIA | ZHFANA | AFY B4
T (k) | ZEFAAAAY | RAEGg-m) | AAEMI) | BAEKgf-m2)
4 2% 59

2 2 | 59.290 1.000 59.290 1.000 59.290

¥4 &%

WM 8 | 40.690 0.040 1.628 0.002 0.081

4 3%

2739 1 | 16810 0.040 0.672 0.002 0.034
At &8 2| 13420 1.030 13.823 1.061 14.239
Atte] 43 6 5.350 1.030 5511 1.061 5.676
Adg AAY | 4 | 1550 1.030 1.597 1.061 1.645

AE 19 2 | 68.000 -0.100 -6.800 0.010 0.680

n % 1 | 426.860 -1.600 -682.976 2.560 1092.762

n% 3% i i
adg e 8 | 29.800 0.140 4172 0.020 0.596
33 14
1 . -2.680 -15.27 182 A0,

B 6 | 5700 68 5.276 7.18 0.937

-3kl 1 | 52220 -0.480 -25.066 0.230 12011

3% 6 | 1551.36 -2.680 -4157.645 7.182 11141.868
%% 139 2 | 38730 -2.680 -103.796 7.182 278.159

W M
AA € 18032.622
] =4923.5 = -1724.213
299 29 140.000 4,448 622.720 19.785 2769.900
A [¢) 0
494 19 5063.5 1101493 20802.522
A7)
.l =3 H (displacement)
WA 2 ( V) EE(FEESR)7E Dol 42 AHoz 2@} 2}
V= W/, = 4923.5/1025 = 4.803m’ )
* oy, o e g FEa g S5 (= 1025 kgf/m3)
ot &5 (draft)
S92 7% Fig. 333 o] &A stFe AAE =ol(d) ¥ FAFZEAL 4 o

Zol(dye] oz YElE & gtk

=
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d = d,+dy=0.3+0.488 = 0.788 (3)

Frse] BUge F4, 44, 240 B Bl Az Soblee BURwE

FAE =50 A3 AAe FAoZ LA AMTERY FAls F3t7] A8 wis
A B 2Zp vjgA A Y] 12 RN ES A4kl 24 7 Table 399 2ot

Table 39 &4 ALdRE wfjqA 230 IARIE

94 WFA3 | ARIA A AFAAd | ZMeAgd

(i) 2474 A7 ) IAEHE (4
A 4531 0.416 1.884
ik 0.054 -1.593 -0.086
T 0.198 -2.682 -0.531
A1 0.009 -0.111 -0.001
Bt 0.007 -0.429 -0.003
ns Q2EZA 0.004 -0.250 -0.001

a7 V= 4803 My = 1262

AR o] AR(KBE 2143 2t

ueba] s ARz 7]EAd el

o

KB= My /V=0.263m 4
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2) 734l (metacenter)

Ao A AN EMIE, metacenten7}x] 2] =o|( BM= 2(5)¢} 2o, o] e F

1=}
T
Ao WER F718 AR BUY 54 F9etE F2 ARolh

Fl

ﬂlﬂl

BM= I,/ V=0.628m (5)

=s

F{l‘

4 559

32

rﬂ
l\')
_>,L‘
Hj
ri
lm
HU
rjz
oﬁL’
er
rE
3
11:1
HU
&}L
m’loﬁ
4>
rﬂ
jz
FE’:
A
nlm

Iy

R)E 713t} =3 Z=AoA W e El(metacenten)7FA] 2] Zo)( GM+= 2(6)= 2o A
ArE T

GM= BM+ KB— KG=1.241 (6)

. (B)REY AFFY

Hxo JeF7(t)d EAVF FASAS SHAFLE 157 Faste b 2= A
Tom Hxol FASAN e AFAPGRAME(])E adste] (N3 2

L 1954 B
o Weam 2T N\ 49235 - 1941 o-oblsec ™

o} I, & FFA EEde sty AFRYENES] 10%] HrtdFa 9=
HER d#ste] A@)F o] Arkste] 283t

I =(L—W/g- KG*)x<1.1=(1838—4924/9.81—0.35%) X 1.1 = 1954kg - m? €))
vl &g o7 HAZ

1) vhgrel 9% AA
Aol ol @ SRES] Aol AN A% 2ol ¥ mWEGL,)} FRES B9
EQL) B A5 WABY. FY RAEE JEFS 45mise Agshe] Table
103} 2ol A% AT

MR: w- G‘“" Sin@ZMa (9)
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4 TE98 | R9R3 | 3¢ V, | $Y F, | 2Hozuy | FHEHE
T A Cp | A, @) | (@) (kgf) Adm) | M, kegf-m)
YA 547 1 0.066 38.123 5.9% 4.27 25.599
#olg
0.8 0.24 37.086 16.504 3.72 61.396
g EYH
874
e 0.5 0.15276 35.901 3.076 3.19 9.829
of 0
“X‘jf t=Ad 0.25 0.19908 35.186 3.851 2.925 11.265
THA
ol A )
= LZ}E 44 0.7 0.286 35.186 15.491 2.925 45.312
TAA
| 0.7 0.045 33.667 3.188 2.45 7.810
AZXHE 0.6 0.2112 34.356 7.790 2.65 20.644
T 1 3.3656 30.114 190.754 1.739 331.722
&4 4.56564 F,= 246.651 513.577

webA whgell o3k SREe Ho AAS 41003 2
sinf =M,/ W+ G,,=0.084 10)

ahrel o)@ HulAALZ 0, = 4.819°

Z5Fol o3 FEE Hu AAZL AADH Zo] 2FY EWE)7t THEY
EAdRAEWM 2S AF TAIH. =2/Y EHEE JEFE JkisE A &5
Table 413 #o] A4tttk

Table 41 2% M3 ANRE 279 2 =RYEdE

A 2.206 1.08 135.087 -0.75 -101.315
% 1.952 1.08 119.533 1.25 149.416
3% 0.54 1.08 33.067 2.33 77.046
N EQE 1A 0.16 1.08 9.798 -0.21 -2.058
| 4.858 297.485 123.089
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wEbA z=F/oll o3 SFEY Hol FAE 412 2o
sind= M./ W - G,;,=0.02 (12)

ZFoll o3k HANAAZ 0, =1.146°

3) el oJ% HAz

swol o3 AAZE A v B xR0l o AAZ AdTE DB PHe e
slokstm, SREY F5 ol oG A !
Ax &7t ABE o] 712710 o) SRES] HAze] AYUTy B

sRxel Ao Az, )E 40T 2,

a 0.129

= = (13)
T —2/T* 1-3.585% /107

>
|

0 =0.148rad = 8.48°

max

olul, AlF at FHFHAMLY FAS AMsjue] AN )T FA(DH] FAY
Table 425 o]g3lH, 9F7|(7) 10%, FA(d) 20m, F(H) SmeS &3t 2](14)%}
ol Axkst

a=%=3.14><5/121.29=0.129 (14)

Table 42 A&l o] 413 szt #A
(24 : US. Army Coastal Engineering Research Center)

d/A, d/\
0.1200 0.1581
0.1210 0.1590
0.1220 0.1598
0.1230 0.1607
0.1240 0.1615
0.1250 0.1624
0.1260 0.1632
0.1270 0.1640
0.1280 0.1649
0.1290 0.1657
0.1300 0.1665
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N

A A% A
AGinkens] SHFHe AR dels FHAE)RG Aok Bk oju) Fxo| =
T ohEe] o) mE Y R ALE A (9% 2
R @%91 5% FH0l Aol NAAREE RAADE B
A A%

t oA e R w2 B4 Uy

Fy = (246.651+297.485) X 1.2 = 652.963 kg f (15)
1385.268

N = ———— . 16

W, 0.4 3463.17 kgf (16)

A71M ZAYUE HF9| HlFo] 247, F7] o AF TFH (WS AUANA 2

2.4
= B L — . 17
Wy = 346317 X 5= ooy = 6043.927 hgf (17)

rr
il

wtA AA L E =719 F<4 45mfs ZF bknots o thEte] A Au AXNRE
FUE) 271 E A &3

423 FZAAL ALk

A AT L ALRE AA Y9 =0 74 20m, #a 25m, &F 3kts, F5
15m/s == 17Tm/sE 7|F22 F3F AX 74 st &30 A FxEY FAHAAHE S
ALstAth. 2L AL A FALA, WiFAAE, E5, A, A 52 AHAA
A AT TSt AEFeta, R A WA g g o3 Fxo] H
AP EES AL AP ARE AR E AX Y B 2 gy o R 150+
olgte] Ao A$ i 25meld, F 15m/s ool FUYE FgstA FHol A
F3o AR7E AFEHA A& nHete] Hujga, HAAFES A 85k

7). whgkel )@ AN

1) B4=1 1: FFH5mA(FA 20m, F3 25m, £F 3knots)

T4l 749 Table 43¢ 245 st A4S Ax 4(18)3%

rﬂ

Az 14 F

n:g

2.
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C, = M,/ F,=57.064/27.406=2.082 (18)

oluj Ho) FAAZLL 6., =0.516°°]T}.

TH R E(|EFS 16m/s 7H4)

F | 24o2xg | ZgrdE

ek A% Cp| A, @ | @y | G R e sz (kgf-m)
4A Y537 1 0.066 12.708 0.666 427 2.844
#olr ZE9H 0.8 0.24 12.362 1.834 372 6.822
=074 ¥2AE 0.5 0.15276 11.967 0.342 3.19 1.092
bAZtEHY 484 0.25 0.19908 11.729 0.428 2.925 1.252
A DL 0.7 0.286 11.729 1721 2.925 5.035
2 0.7 0.045 11.222 0.354 2.45 0.868
A2 XHE 0.6 0.2112 11.452 0.866 2.65 2.294
£ 1 3.3656 10.038 21.195 1.739 36.858
A7 456564 27.406 57.064

~
a2y

AZ7 2 . THEI7mA(FA 20m, I3 2,5m, =57 3knots)

St =7 20lA F]F S4le] A Table 449 845 I# st ALt A3 2199

C, = M,/ F,=73.296/35.201=2.082 (19)

Table 44 &% A0} ANRE %9 2 $YRAEC]ZES 17m/s 7H8)
SHHY | R99E | 3£ V| 39 F, | 3Ho=y 3YRdE
Rk A% Cp| A, @ | " T(—T(]gf) e Af (kgf-m)
A P57 1 0.066 14.402 0.856 4.27 3.653
gold gEdH 0.8 0.24 14.010 2.355 3.72 8.762
51474 TAE 0.5 0.15276 13.562 0.439 3.195 1.403
dAZlEE Y FHA 0.25 0.19908 13.293 0.550 2.925 1.608
SA7lEHY 34 0.7 0.286 13.293 2.211 2.925 0.467
BgA 0.7 0.045 12.719 0.455 2.45 1.115
AZAHE 0.6 0.2112 12.979 1112 2.65 2.946
A 1 3.3696 11.376 27.224 1.739 47.342
A4 4.56564 35.201 73.296
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=74 49 A% Table 459 245 st AME A3 220034 2o

C. = M,/ F,=123.089/297.485=0.414m (20)

c

Table 45 A28 HdH AXNREE 279 9 Z2FHEEAE(HS 3kts 7H4)

EQH 29l Byo = =226 a2HEo ZZ2 HE
249 | 0 | saks aw Z’t“(Téf)F‘: e | g
EA4 2.206 1.08 135.087 -0.75 -101.315
U5 1.952 1.08 119.533 1.25 149.416
FF 0.54 1.08 33.067 2.33 77.046
U A4 B3R 0.16 1.08 9.798 -0.21 -2.058
&4 4.858 297.485 123.089

o = o3 AAz

#7158 10%, FHE 25m= 7H83st] 22D, 2(22)9 o] ALe A3} ko
ot o] Ao Az 4237 2o

gT?  9.8x10°

A, = =S - =156.131m 21)
a= ”_/\H: 3.14 X 2.5/121.286 = 0.065 (22)
(8]
0oy = ———=4.262° (23)
R 7V i
. AF 34

1) 844 1: FF515mA(TA 20m, 3L 2,5m, 5 3knots)

A+ F5TEFES ALY 2on, 37 T HAF FFHWHL 225 £
2547.836
W = 04 = 6369.59 kgf (24)
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2.4

webA 2PN AdEEE AFEE) IS A8k Fd

2) A=A 2 FH17mA(FA 20m, 33 2,5m, 5 3knots)
Are +EFRE ACOT Lor, 37 Fo| AF FHWHE A@DH 2

2929.19

Wess 04 = 1322.975kgf (26)
W = 7322.975 X 24 12751.92 kg f @n
s ' (2.4—1.025) werg

uebA 2P AdREEE AF062) INE F &k o

=
)
=
b
odlt
rx
=
i
2
o
]
fo
2
oxl
ox.
o
N
ihd
::I,

A AMRE AR didslg 209 A3, FA”RE Aqt 23 Table 463 2t

E 1 g %k FHEARA AR
LEg= $4z41 424 2
T4 m 20 2
& m/s 45 15 17
24 z22% knots 30 30
w1 m 5.0 25
AXY kgt - 2450 | 15%0
FA9A m -0.350
WA 4 m 4.803
% m 0.788
24 m 0.263
43} A4 m 0.628
GM m 1.241
29 2537 sec 3.551
gl 9% AN = 4.819 0516 0.688
z79 9% A = 1.146 1.146 1.146
359 g AAZ = 8.525 4.262 4.262
AFTHF 7 2 (4ton) 3 (4ton) 3 (5ton)
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