88

Ul

FUZZY LOGIC CONTROLLER«y| 43+ ##9e &i63

DO 77 I1=1,23
N=24-T71

DD =A(K)

7 CONTINUL

=24

DO 9 1,93
H“(;\“.I:“&X,I‘:Q,B[I)} GO TO 65
CONTINUE

6 CONTINULR

KK=0
DO 88 J=1, 23

ITA LB AMAY) KK=KK =1
CONTINUE

KK =KK/2

K=K-KK

RETURYN

IIND

SUBROUT INT SUBPROGRAM
SUBROUTINE PAPA(D, )
Q=-1.65

DR=0.3

DO 50 I=1,11

'QfQ+DQ

DG Q) AND (DLT. ZO)) J=1

Q =Q+DQ
RETURN
I'ND

SUBROUTINT SUBPROGRAM
SUBROUTINE MAMA(C, K
Q=—28.75
rQ:QE

050 1=1,2
A3~Q wz
I CGHE. Y AND WCCLT. ZQ) K=1
Q=0+DQ
FETURN
ND
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ABSTRACT

In the Sailing Rules of International Regulation Preventing
Collisions at Sea, 1972, any definite distance between two vessels
approaching each other is not referred for adequate maneuvering to
avoid collision.

At sea the officer in charge of bridge duty is required to guess
safe distance before he takes maneuvering actions needed to avoid
collision.

Papers on safe distances calculated on the base of the motional
characteristics of ships constant for collision avoiding actions: are
very few.

In this paper, the minimum safe approaching distances necessary for
actions to be taken to avoid collision are calculated in numerical
numbers definitely by mathematic formula based on the maneuver ing
indices got from experiments of actual ships.

On the assumption that two vessels same in size and conditions are
approaching each other, the author calculated the minimum safe appr-

paching distance as 4.5 times, sufficient safe apprcaching one as

.6 times the tength of the ship inveolved in head-on situation and

/:

5.0 times, 10 times respectively the length of the ship in each case

mentioned above in crossing situation.

i# R B
Y VA W I B I, :ZaFie] HEiEY% moment
o n sy EUFES HE R I N : Zah'Hside) gl moment
b b YMARS] EE W Yoo 98 0 & ot

6, ¢ 7w MEE P MIGE T BiE EE



140 BEBEAS KB AAE F48

D EEE  fEE L :##@e] Aej(L.0.A)
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SEE BUDES Rac( ARA EBECIHE) "t 3 LAdE ud =
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2) E%ﬁ@ﬂ = T M S Xwa ® T@
RXsbe Kegz 4=z BESL e zE A 2=
( Cros.smg Situation ) | | 2 4 .® |
®:Q 2:9 @:@ :O Fig.2. CrosSing Situation
(B) BREKRE dn Bt ¥ MMt @
aific] & MME Aoz 45 1B B3} A Z
s 2E AL, ( Overtaking Situation h) @

‘:D:®’@r(4) »
(@ @ @

o] 2] Zho > 4 N gF £ ol o

Ioh 2ol wisbal mmme Amw = B2 a3 Overtaking Siteation
(3)¢] BEg A= BT E #fo) BRBIES Hisiod o} st =3 a5
A RABLEME WURM HEe KiEge WENENA BHel4
d=LitL0s ZARR: 4z4m et
wekd  (3)9 mmas A Hx BRET 0 R i) 4] R ).

2. Eli ®t A9 Eiosz *ETR &£ 38 ( Head-on Situation ) o &
Wre] 588 ( Crossing Situation Do BREER I
1) AZ arwe maE( Head-on Situation ) o) HE g

(- e ds
rl” ‘\p<7
(44 S~eoL (&) T
L/C) ""**-»\\ o~

‘\
TR
\\
(9] ~

Fig.4 Collision avoiding action in head-on situation
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(1) fafge] EBmHERX

xﬁﬁ) Fig.63 2o MBS G&E FAe

2 FHn o RE @t ZEERBE

XY »22 39 yEAHE BHELED
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< ) HEAE A+d ohes Roh. 269

Fig.6 Coodinate system centered mo =Y — u¢} ________________________ D
on G point of a ship I,6 =N

Y = YoV £ Y8d + YoV + Yoo + Yio + Yso
N = NyV + Ned + NyV + Néd + Ngo +Nsé}
(1) ¥ @R BFHE JETEIL #EHstd do ME HEXS wEd
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@RE Zhstd ohea ol ot
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(2) MR il
1 AR ukF iy 18 (Head-on Situation )
pigerpel  faafel  —EREHE 6o & zoi A fydfel hEMLEBE e 2
Shin Lol 49l BEpEEEE oy, ol mAd Fmel o] BEE#HES yzta St
4 4y R y© op-e R &I

y = (T +4 t1)v +Rsin Kdo te

......................................... (5)
Y = R— RcosKdo b
X
™
=
.—-‘(\2\
-
./
>
Fig.7 Displacements from original Fig.8 Minimum transverse displacement
point centered at rudder from original course line to

ordered position avoid collision
p e Wfe] Wsle Hibeld Eashdd HAL MR Ca) Al
weosl MAUBES IR e % el el Aol EMEmkEE Y S
R-RcosKd- 12 AoBEEe X {—;sin Kot %%COSK&‘M et 2

W 2Ee FHEg RstdA H Aelch

TtV — Ve G
—f | ST S— <K
| \ e \@‘

Fig.9 Collision avoiding action and displacement on the original
course line in head-on situation
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o}2h 4
R—ReosKs. ta 2 sinkdo t2 +5cosks ts

7P HAER 1. & Eshed  BEEHK Lol Y MABAERES Keid =, (6 R

A4t & kad g 2o
1 -
t; = 7+ tan~} BL + 2RL +2RJ/L? + B? + 4BR
* = Rs, Ty C(Femaz

1oz RALOER ds = obex o

S—(TA EtIA)VA +RAmKA60At2A

+(TB %tla) Ve + Rp St Kp 0o pbap  =eeeceveccemummemmnmmunnnieenenns (8)
@ kWil 158 ( Crossing Situation ) 9] RAEZLES BHR A
@D StEXRFel 9¢ Lk Ho
Fig.10 Minimum safe approaching distance in case of $7=90°
-
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1é(TA tl‘{'_ZKAOF ’ VA+

wbels  RABAEE dy © ebEa AT
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i 1 @ B, +B
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I
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4 Fig.11 3} #o] gHEzamol 90" ¥
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Fig.1{ Situation in case of ¢i<99°

M. EARBES st RBREFAEMS NEFH

Table 5,6,7,8,0% @RETEgEe H2e Wilel Lo ek
HEFol Luie® ®HFRE Eaddl  xstels A (6) B (el A ghed i
Grel kEel  gderely R Q10) g QDo ofsbed  FRAEIMRED K S L

e wkgel Aol Lo wmlE &rg Zdelth

Table 1 Particulars of M/V Hanbada

[

:X | 1 1 [ T I ! - ! T
L B | D | F.Ld Disp G/T | Cb | ME Speed A/Lxd |
; — #‘_‘ S — ¢77, R SEm— S S ——}L e |

! ; I
g 14.5m L wSmo Bl l 4,230ton ';3,4&13 tm}l (576 0 3,800 H.P 10LBKE: 1 4 l
[ S [ . R | i | i
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Table

BEBERE RBR RXE H448

9

. od e
1270 — 4} En
0/ “

ER .-

2 Trial condition of M/V Hanbada
. Wind Wind
F.d A.d Disp, VSBY Direction Force Sea State
3.1m | 5.30 m | 3,226.8 ton Fair 040 3 3
Table 3 Particulars of M/V Korea Star ‘
L B D F.L.d Disp(F) | G'T | Cb | M.E |Speed |R.P.M|A/LXd
] m m m m ton ton S.H.P Kt
344.4 { 51.8 26.5 | 20.8 |306,705(138,764| 0.85 | 36,000 16 85
Table 4 Trial condition of M/V Korea Star
. Wind Wind
F.d A.d Disp, VSBY Wl e ion Force Sea State
8.30 m|11.30 m| 139,129 ton Fair 023° 4 4
] s
9
g
8 8
9
9
~
—9 % / 30'.
\ .
0 ‘t‘/. "
33 —2/N

)]

.KEUMO YOLDO " sumarits susj,

Fig,12 Test conducted area

s

Reir
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sikew
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Fig.13 A view of the actual ship test

1, El =+ AY EMmoZ sl x 8
EFl v AY EFoR vrFB:E EEd xsld BARAEFEHS X3

W Table 5o o™ 2 FHL 4.3 Lo,

rir

Table 5 Minimum safe approaching distance in head-on situation

Ship L B Disp. K R |SpeedRndder{ M.S.A

T

(m | m | (ton) 1 /sec | sec tijte (m) |m/sec (angle | Distance
| Hankada | 98 | 14.5 3,450 | 0.039 5 |14 | 24,143] 5.4 | 35° 3.0L
Korea f ! o
Rore 344 | 52 306,705 | 0.027 | 53 | 15|52 6001 6.7 | 30 4.4L

! ¢

World 13,0 | 52 |306,705  0.015 | 44 | 16 | 74|560] 8.7 | 30° 4.8L
Heritage

Althea 320 53 268,097 0.018 36 | 16 | 83|550] 8.7 30° 5.0L
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Table 6 ,7, 8, 9%
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Table 6 Minimum safe approaching distance of M/V Hanbada (Rudder

angle 35° )
$. 10° | 20° | 30° | 40° | s50° | 60 | 70° | 80" |90°
M-SA | a2L | 2.9L | 3.7L | 4.3L | 4.9L | 5.4L 580 | 6oL |61t
100° 110° 120° | 130° 140° __;50" 160“____170“ 180°
5.0 | 4.0L | 3.5L | 2.3L | 1.6L |1.0L |0.6L | 0.2L |——

Table 7 Minimum safe approaching distance of M/V Korea Star (Rudd-

er angle 30° )
& 10° 20 ° 30° | 40° 50° 60° 70° 80° 90°

M.S.A :

Distance 2.8L |3.2L |3.6L | 4.0L | 4.3L 4.5L | 4.7L | 4.72L| 4.7L
100° 110° 120° 130° 140° 150° 160° 170° 180°
4.0L 3.3L 3.6L 2.0L | 1.5L j1.0L 0.6L 0.2L | —

Table 8 Minimum safe approaching distance of M/V World Heritage

(Rudder angle 30°)
Do 10 ° 20° 30° 40 ° 50° 60° 70° 80° | 90°

DM--S-A 3.3L| 3.8L | 4.2L | 4.6L | 4.9L | 5.1L| 5.3L | 5.32'L|5.25L
1stance
100° 110° 120° 130° | 140° 150° 160° 170° 180°
4. 4L 3.6L 2.9L 2.3L 1.7L 1.2L 0.6 L 0.3L —
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Table 9 Minimum safe approaching distance of M,V Althea ( Rudder

angle 30° )

r [ s |
& 10° 20° ] 30 ° | 40° 50° ! 60° 70° 80° 90 °
ol on om o
D,M'S'A 2.6L 3.0L |} 3.4L, 3.6L | 3.9L i 4.1L | 4.2L 14.23 L14.2L
istance i l l & |
T R -
100 ° 110° 120° 130° © 140° 150 ° 160° 170° 180°

3.6L 2.9 L 2.4L 1.8L 1.3L 0.9L 0.5L 0.3 L

IV, 5t8= RAEFEEZN HSE &
L. Bl B Ao EmM2Z ostTHEE 5
o) st e KM 4~5 Lo REHWA 23 EEzte 4.3 LEEe o
Al ol oz HEEEZ Aobd RUE BRsbe el ol BE R
g Al s eA ehgel RSk M wap gl

olzE v b= E 7ol Rl WSl BHE s

o
ox
4%
Oyl
S
(e
B
m
rir

# 421 mBEEo] T “Korea Star 7 3¢ HEHd wad:E H
o,  KiEERANAMY HEEY AL EEA dow Hr MEolnm kel 0]
e okl Bl ol fEgkets S A cdsbAl " AHol=t. oal dts)

o “gh owbrlE Ve FAA @ERLSET R Rafs EAk

A - 292m ——— B
= R TR e ~5

Fig.l4 A misconducted status within minimum safe approaching distance
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Fig.14 8} o] AM-E EwizdA BHMBEST Mg ool Bfiol RIEMW
T AXNYAYG HMEHZ R LAA #Hgss ) REEs BMBES
Betgde = WEEEET HEstd o3 o

421 — 2 (12X 5.4) = 291
291 +2 = 146 |

146 tm 30° = 84.3

S =146 X 84.3 = 12,308
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T OB ol @ el BT TR MaAde A ¥ = Mo
B TEHEES FERHIE, RS RN EAIGE Do @Sl HEE
e & WM HEME 90° F Y wAsx @Eol 4x Fo
%z q xlet., 3 oulcld] BB #E 5.4msecol4] 90 ° 9
BEEZE o] Fold a7zl Esle BT & 80B BE, 30&Wme VLCC,
Korea Star ¢ E@c W& 8m/scodld #H 1508 BFEolch. old #
#d EEBEE 3 ohdstn oW WEBfFY Eolste M BA#
HERES StEstd ohed 2o,

gt uvlel = 5.4X 80 = 432 = 4.4 L

X 100 = 78%
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Fig.15 A misconducted status within
minimum safe approaching
distance
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FEREER Ot ta ts ty ts te ts ts ty
BF Ml 14 34 4.4 47.5 54 85 114 125 127.5
tio ti1a tiz ti1s t s ts tis
134 172 200 210 ‘215 220 257
Port = -2
t 0 5 10 15 20 25 30 35 40 45 50 55
H.d 240 240 237 232 225 218 211 205 198 194 193 196
t 60 65 70 75 80 85 90 95 100 105 110 115
H.d 200 206 212 219 225 231 238 244 250 256 263 270
t 120 125 130 135 140 145 150 155 160 165 170 175
H. d 275 281 285 286 283 277 272 265 258 252 245 239
t 180 185 190 195 200 205 210 215 220 225 230 235
H.d 233 227 221 217 210 204 199 196 197 200 205 210
t 240 245 250 255 260 265 270 275 280 285 290 295 300
H.d 216 222 228 235 241
FHE# Point
FEFERS Ot, tz ts L ts te ty tg ts
=3 M 14 35 47 59 59 92 120 132 135
tio ti tiz tis ts tis tis
144 174 203 215 217 427 259
Z ket B

1. Hard Starboard
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44 + 20) = 1120
RO + 5:+) = -2450
“6 4+ 66) = 2660
30X ]
= 11uy3.5
4 X 15
Al A, - Ap + - = -13.0
2
5 X 17
Ar + A, - = 1287.5

’\3 N AO = AC\ 1 -

35
— (4 + 33) = 21490

35

- A, +—2—-(48 + 38) = 175

355
- Az + A; —'7(46

4 45 = 47 Kgr + KAe
- 47 128 Kor 4+ KAae:
i = 715 Kor + KAe”
R o2y 0.038 Jr =
R o A el Niooo= 0,041
r. K 3 S gL
5 -7 r3s (-0 .943., A~ 85 +

o039 x
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2.

4
. ﬁ’ Ts = 0.039 x (-0.043) X 257 + 0.039 X (-105)
T, = 5.396 T, = 3.152 T; = 6.515
T, + Ts
T, + .
T = 2 = 5.1 (Sec)
2
Hard Port
35
@ Aa =—2(47+ 21) = -1190
5
A, =—%—(85 + 61) = 2555
35
As = 7(83 + 59) = -2485
3 x 8
@ Ae = -A, + = = =-1178
, 3 X9
A€ = -A; + A - - = 1351.5 = 1352
2 X 8
Ae” = A, + Az - A; +—'—§'—— ==1112
] 35
@ A = -A; +—2 (45 + 33) = 175
, 35
Al =-A1+A2-—2—(42+30) = 105
" 35
Ag' = -A, +Az—A3+—2—(44+32) = 210
@ -47 = 50 Kor 4 KAe .o (1)
46 = 135 KGT + KA€ -cvcvrvrrnenamiiiiainineeenee oo (2)

~44 = 215 Kor + KAe” ciuiiiiiiiiiiiiiiaia e (3)
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eIl . (7)ol &
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Ygl—ésingb -I—I—gcosd)
(95 - K’T L't2 )

st (5)el 4 B

Y =R - Rcos Kdi-tq

ot g} A
7Y R - Rcos¢ = %sin¢+l—scos¢
R B
— - Rz=z—=tan¢ + —
cosg 2

ek,
2R /1 + tan?®¢ - 2R =z Ltang + B

S2R~ 1 + tan?$¢ = L tang + B 4 2R

tang = xb Fa v g Agstd xool dsf AHelstd
(L2 - 4R?)x? + 2(BL + 2RL)x + (B? + 4BR) = ¢
of o] 44 L* - 4R? ¢ 0 el HHstmg

(4R?* - L%*) x* - 2(BL + 2RL) x - (B? + 4BR) =z ¢
A FE4dE 4

_BL + 2RL - 2R yB? + L7 £ 7BR
* 4R — L2
. BL + 2RL + 2R B +17 4 4BR
R 4Rz _ Lz
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2RL + 2RV B? + L2 4 4BR

X = tanKd,tz = BL +
4R2 - L2
a} 2} 4
K.t > tan_IBL + 2RL + 2R /B? + L? + 4BR
et 4R?2 - L2

4ol 31 ok Folm 2
1 .. BL + 2RL + 2R/B? + L? + 4BR
tz =2 — tan
: 4R? - L2




