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A Study on the Ship’s Collision Avoiding Action Analyzed from
a Viewpoint of Ship Kinematics

Ki-Yun Kiv*

Abstract

The rule 15, 16 and 17 of International Regulations for Preventing Collisions at Sea direct act-
ions to avoid collision when two power-driven vessels are crossing.

But these rules do not present the safety minimum approaching distances outside which a give-
way vessel keeps out of the way of a stand-on vessel.

In this paper, the author analyzed the ship’s collision avoiding actions from a viewpoint of ship
kinematics as the method to calculate this distance.

The author worked out mathematic formulas for calculating the safety minimum approaching dis-
tances outside which the give-way vessel takes the actions to avoid collisions in accordance with
the cross angles of the crossing vessels’ courses.

Figuring out actually the values of maneuvering indices of the M. S, “Koan Ack San” (GT: 224
tons), the training ship of the National Fisheries University of Busan and the M. S. “Golden
Clover” (GT:101, 235tons) of the Eastern Shipping Co.,Ltd. through their Z test, the author applied
these values to the calculating formulas and calculated the safety minimum approaching distances.

The results of calculations are as follows;

1. The greatest distance is to be kept by the give-way vessel to avoid collision when the cross
angle of courses is 90° or near it. In such case the safety minimum approaching distance of a
small vessel must be more than § times of her own length and that of a large vessel more than
11 times of her own length.

2. Collision danger is greater when crossing angle is obtuse than in an acute angle, therefore
greater distance is to be kept by the give-way vessel to avoid collision in the case of the
obtuse angle.

3. The actions to be tanken to avoid collisions by the give-way vessel in Rule 16 and by the stand-
on vessel in Rule 17(a)(ii) of International Regulations for Preventing Collisions at Sea, must
be done outside the above safety minimum approaching distance. When inevitably such actions

are to be taken within the safety minimum approaching distance, they should be accompanied

with engine motions.

* 28| & PEA A, National Fisheries University of Busan,
— 97 —



& -3 P

8 3% 8 A~A% 2 =08 RE Aatstd f, ., ', t»
Py 17,9 HEAR ST o] =
M fEER = W
M,: =iFre) KRR
M, yHFES) KRR s =
w o B M
@ AW MEE AR BRKMEAESH WAEBIEE 9T Bde ¥
vt yRESAS RE £ A 0. BEHES BBl oA
b MRS olvh: MY HEEBC A HRlL Ams X
Vo oo, —BMo 2 BAMMA WY KERKE 2
X : xmiHmEel 9 44 oA ¢ FRdn Yot
Y : oylhAe 9 oldl ¥ MBBBAA FEE pEES gKEE
N : fefE moment : MAel BMALEE W REMRY —Ee B e
S+ ke SR A Wohm A AR o ol & BN BRP BR
L : kel 28 Hol QA @y o o, WRIE stz Q& MM
B : kel £8 WS A3 #iol ol e FMsteds ME
I Zmo| & BEESRK gol ey
ie o BMEMERER AMNEST S ERCE BT okee AKE
¢ : AR BHES W, SOk, MRRHESC A ML
b AME . e @A L E BRI EA, BE BB
¢+ PuinskEE me HEMS D BT ¥4 BRE: A
P b et Mtk EEe HEMEEANA mEst
K feEtEmn 2 oA gonl obElvh Efel WY ol Y Mk
T : gt fee) BMAVIEEC BEEE FAATE Ameze R
B M AfEste] BEIRKE FUHT 24 FAEsAl "
Coom %CL —ERAE FUE 4 Jdolube mike ERAR
# ol fefol Wt oW Y MEMMoE JdEtEitE
8 : A BES T Ad e AR MHHER, =& La-
d0: —iEREA place B#el WmEEBRL = Hebol stel, #
8 MEFRE thel MgbimEe olF HERY MMQ  HEhsan
f: BRAY EERHN 1} oEE o)A Y MK e BEE ®#RY
f: —EMEAE Aed Bis KM £ Aol uhgastohn ol g Highekel BEHHk
m =My my= M & EHENMEIY BEEA otd BIE 0FFF B
7 SL 5+ SL B O CE ERE s R D
. Io+tia C,= Y PR

2o oA FIRRAE MMM WAL L
£ AT Bl WHs 2 B 201d @EE
WY BEAAA BoEsn T EELE B
sl £ B 0 FIEAE e 2ol MY
#eh, '

AR A€ 19774 Hu b e FEE
# LERR AR 158, M08 N BTG
KRB S MAES BHiSEel WHA mRe
Y&l £ BAMC BABEE MY RLRREEE
Bl HHAL &% BRO flonz ¢ MEE

(12,49 — 98—




MEERSH o2 £ MRERBED WY FR

Ry oz MR, Histy BRI

sl FEozEs BAiMel SrEEAREd o
e BHREREFEE Y REPAEEERRAHNAL
HiRsta, olAd Ei#EgNA R} S o
KM BEUBRENE WA RLBRETEE
£ HESS

BEEREE R3] Hsld BLAKEXSEXTH
HHILBM(GT: 224ton) 9} Eastern Shipping Co.,
Ltd. & “Golden Clover”(GT: 101,235ton)& F|H
3te] AR Ttk

SNEAe) BY BEERAREE EHILRTY HK
He, xgﬁ,‘go]] $4 A = “Golden Clover 3”79 #&
e fBsech

R2MAEEEREN HK2| FH

1. Bt EMN A

fotkel ERS —RMHoZ ZWHMAS WEEDHTF
=hpjEAMe EMERe = FRS AR VAHA BL
e kel MULERIS x, v WHFY EHEEBHCED
i, BAABEDS MERS ERERR EK
HE o2 BRstn gt

Frpol A= HRS AWAHAS B Bl 9o
¥ WA BEE HEel o kAt FapA A
£ Bgel obdd el ¥ MKERS BES
W+ Hemz ke REEEHES Pt FKH
o EEe= MEY 4 A=Y

wteb A Fig. 134 2ol Mfkel HOGH EXS=
=fe 3= 2 ¥y BARY EWEDS 2 BL
EEERE mRsd Mtk ERHERLS 2
&t AN

Fig. 1. 3 axis through the point G and direction
of motion.

(M+-M)i= (MA+M)dv+X
M+M) o= —(M+M,)pu+Y ]
Ude+id$=N

KA #2 ¥ 3R BRI &34 g o

——m,(—{; >[§+m,w=c, ]

n <~Il}>66=CM
E Gy, Cue B, o 4 89 m¥olez
ol g i3 Rt ®

Cy=Cyg+B+Cyor0—Cyy+5 }

Cr=Cpg*B~Cpp  0+Cpy+8
K2 @l A o9 5o WY MAFBRE HE
® chgs ek d

d2é . 5 .
TGt (Tt T2+ = K3 + KTy B

(DK% Laplace st Wigmme Rt chg
3} ek
B(s) K(1+T5S)

509 = AFTSGFRTSy )
%, FMEe 2T %

AGEE (w17t A2 RWEA e
R e X EGHER S
TP G=Ke8 reerrrecsrrenerierenaierionnennrnensnes 6)

o2 '

q71A T, K& BgrEREe =

T —EfAas T8 Rt T 9=t B
FErHE RES T BERY BUHNEERR, K& —
EfAE T o REAEES] 371§ ReEstes BR
o peEERol =t

2. BKWAAR (Crossing Vessel)o| BARBRLR

Rg¥ LERBE B B156E, F164E X FI7E
(BB A Bl B3 ZHS ol MRS
ol Beslod of & EZafh-Bifkel BR"E A & Fig 29}
o] zyoz e el

o 714 Rft(Reference ship)& AER o+
EE MAficl o o] & MEFARC] = X5 BEMC 9
= 2E Mol d st & Bl @l ek

Bl o5t B EBEE BY 4 %
M EERAEE A ¥ 5 AT —Re s
253 HKiBE BAstoe RS HAL slX @
b J#4 KR A S EHIR #Hg ol M



& * i

FIMIET FAE ToLE WACE B8 FHHE
S FsHS Bl T AAAY EROlH Thes
A RO RF + Gk

AC=V(T4 Lttt o tan-B e )

4 REBRAGEEMAHA ] &

D W SRS o0t 90°RxL F9, & A
f d7b 90° R} A g o

BEORRR] Sle MRS MOl W )
G HilE Wetkd Z&E C(Crossing point)
ol WMl S KAl v WE d@ch

B

Fig. 2. Crossing vessels

wroz JATEIfEel ol Fol A BWFE HdtE KK
ol = WA B BSHE BTl &3l
s ez gBedch

3. FstiEMEHR

Afle] MERES Wsh 2 BEsel JHE) A
oIS 2lE A WKl HEA QS T+t

o

|

2 RS2 ol e MEFMEE V(T )0R  old % Ml AMS HEKS st B Mo}

4 g T HEE Hekod ok Wl ol Aol Bfd WE
s st e Fig 5% Ror, HAEREME
& WF REMALTEEST WM BRES J8
CHECEAS A

o

R

!

nod

§ g
3 B 9,
23
ER |
3 VT +lt)
3
l A J
G Fig.5. Condition to head off the collision in cr-
ossing situation when the angle ¢, is sm-
Fig. 3. Distance from new course point aller than 90°

— 100 —



B HDEN e B mEEmE WY Wk
Fig. 54 A 75 3ol sivh,
52 (T+ gt g, tan -5 Vik—44 00 SRR S W LEBBBIBIRT A
= k2 g 3)kel 5 vl
cosec 4)0 .................. (10)

1 L)
= [ C Tyttt 210% Vit

Bat-By
tan% = % olm R 2

— 9
5z <T +‘2‘t‘ +“27{’“'3 ) 1= B”+B” cosec ¢ cosect %)]cos '
+[<T+ t+ 7—¢y  BatBg
uleb A e AB% dgta o 2 TTRKS, 2V,
d=( (T +4+ 21?03 Yit-BatBe cosec g, ] cosec(a—y) | V2 Cos fy wervvnvvssesen (12)
cos . +<T iy by BatBa %78 1&&4 Hofe] & WEa] Ciiol A i =
B : & gigde dvhe s
", cos 6

°°Se°¢°>“c°s 2 ar=<zr+:l 220 )r cos 90 i(13)

Fe taeel MMl BEse gz Rk
d=(27‘+t1+2 ) ¥ cos %o 4’0 AEO iy

K5,

RO K8 Rt EHAE

B RBEERES Sl #Waldl B Bk
YRME ksl 9ebod, BUDKREABEEME “lif
111%%” 9} Eastern Shipping Co.,Ltd. ¢] “Golden Cl-
over ol {kzt HMmEABS Sholch. “WEk 179
Fikell Hste] REE sz BEMIBRGHES B
Sk “rE2re] #akel 463 ko= Famsielch.

RS BREERBGI AR e 2,

Fig. 6. Minimum approaching distance of the same
vessels

1 “SB&EILFE’S Bkl 2 e
@ WA B oot 90°K A& o, F ER, ABEEo (&M, GABHT : 19784 8
SHfsget 9072 2 A A3, BB A )
ol g HETIKAE v MAMEY WBAH+ Fig
(D) HEEme K2 T (f3 1Y Table 1 244
Table 1. Maneuvering indices K and T of
“Koan Ack San”

10°Z ‘ 2004 30¢

K T K T K T

0. 167

4 [ 0.17OJ 6.2 0.152! 5

(2) e BE(Table 29 74
Table 2. Principal items of “Koan Ack San”

L.0.AB. MdDMd‘ G/T | M.E |Speed |R.P. M
Fig. 7. Crossing situation when the angle ¢, is 43. 15m| 7. 00m| 3. 25m|244ton| 1,000|11. 8kt| 665
greater than 90° p:
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Table 3. “Koan Ack San” situation and meteorolgic condition at test

ds d, Disp. ‘ Visibility g]ii'relz(cition Wind Force | Effect at Sea
1. 69m 3. 81m 480K /T ] good SE 2 Light Breeze

2. “Golden Cloveri£” 2| HttEE8 ! M EB, HRERY EHEGURA ¥ 1978%
83 20H bl

(1) BwAcreRe K2 7 (i1 3 Table 4 250

Table 4. Maneuvering indices K and T of “Golden Clover”

10°Z 20°Z 30°Z

K l T K T K T

1
0. 0695 ‘ 410 0. 0267 142 0.0178 i‘ 102

(2) A #H (Table 59 24

Table. 5. Principal items of “Golden Clover”

L.0.A IB.MQ D.Md | dFL | Disp. | G/T | M.E 'Speed R.P.M
295m 47.4m | 24.80m | 17.43m [193,551ton101,235ton a3 p | 16kt 90

(3) HMBEFS AMKRE ¥ HSH#(Table 65 25

Table 6. “Golden Clover” situation and meteorologic condition at test

dy d, disp. [ Visibility \gilrr:cition ' Wind Force Z:tffseg;
16. 80m 17. 64m ‘ 191, 264ton good NNE l 3 Light Breeze
%él}ﬁﬁ?&,&gﬁ%&%—l-g Table 7. Safety minimum approaching dista-

nces calculated with “Koan Ack San”
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(1) 6°54,590°9 57ifi(Table 754 2-2)
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Table 8. Safety minimum approaching distances calculated with “Koan Ack San”

b () 100 110 120 130 140 150 160 170 180
d(m) 216 203 189 170 146 117 83 43 uj g}
d/L 4.9 4.7 4.4 4.0 3.4 2.7 1.9 1
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Fig. 8. Relation between the crossing course angle ¢, and the safety approaching minimum

distance ratio d/L, calculated with “Koan Ack San”
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ances calcuateld with “Golden Cle-
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Table 9. Safety minimum approaching dista-
nees calculated with “Golden Clover” ¢, () | 100| 11| 120] 130| 140| 150 160/ 170| 180
$o(FE) | 10] 20 | 30) 40|50 | 60|70 80 | 90 d(m) |3030(2876/2653(2244(2017|1605{1129] 591} v} &
d(m) 2048/23092550/276112929|3057 3133{31563123 d/L 10.3/ 9.8/ 9.0/ 7.6/ 6.8 5.4 3.8 2
d/L 6.9 7.8 8.7 9.4 9.910. 410. 6/10. 7]110. 6 Table 9, Table 109 FEEE 2goz Judn

Fig. 99} br},
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Fig. 9. Relation between the crossing course angle ¢, and the safety approaching minimum
distance ratio d/L, calculated with “Golden Clover”
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Table 113} 2v},

HERA*

H,U

Table 11. Ship’s heading at each time and time interval at principal time point (10° Z test

of the m.s. “Koan Ack San™)
t: 5 10 15 20 25 30 35 40 45 50 55 60
S.H: 300 295 288 283 287 204 304 314 317 315 307 301
t: 65 70 75 80 85 90 95 100 105 110 115 120
S'H: 292 284 285 290 298 305 313 315 311 303 299 208
bty t ts t b5t by ts t  8° tn te hs ta by
ti: 4 14 175 20 21 325 38 45 45 59 66 70 72 73 86

(2) 20° Z #BpGEdEA: 10° 2 B o 24
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Table 12. Ship’s heading at each time and time interval at principal time point (20°Z test of
the m.s “Koan Ack San”)

b 5 10 15 20 25 30 35 40 45 50 55 60 65

S.H: 298 287 27277 261 264 270 289

i 70 75 80 85 90 95 100 105

S.H: 302 285 268 259 263 276 288 304

bt p: b ty t3 ty ts tg lq tg ty tio I iz i3 b tis tig

ti: 5 12 17.5 21 23 39 44 50 55 55 71 76 8L5 85 87 104
(3) 30° Z FEpGEEMRM: 10° Z 38 = ok 28D
AEgol BT M AN B EERRS RS Table 133 e},

Table 13. Ship’s heading at each time and time interval at principal time point (30° Z
test of the m.s. “Koan Ack San™)

£ 5 10 15 20 25 30 35 40 45 50 55 60 65
S.H: 293 285 265 245 234 238 256 276 300 319 340 356 358
t 70 75 80 85 90 95 100 105 110 115 120 125
S.H 348 330 308 286 260 247 242 250 265 285 306 327

t.p: t ty t3 17 ty tg tq tg ty tio ty tip tys tia tys tig

20

Std

t.i: 6 13 20.5 25 28 45 53 59 63 65 82 88 95 160 103 120

Table 11, Table 12, Table 13¢] %l W#iE& =g oz ehysd Fig 10, Fig. 11, Fig. 129} g},
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Fig. 10. 10°Z test of*Koan Ack San”
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3. Golden Cloverst Z FREBOIA k5t (1) 10° 7 3% () = S, ARHBmE - 2f0
Eﬂ Dil @i 50° Co: 000° :E‘ﬂi/\}q -g—)
o (+0)°: std angle ARl B M6 F RTINS R
af (——( )°: port angle) Table 148} e},

Table 14. Ship’s heading at each time and time interval at principal time point (10° Z
test of the m.s. “Golden Clover”)

t: 20 40 60 80 100 120 140 160 180 200 220 240 260
S.H: 1 3.3 7.7 13 16 17.5 17.8 17.6 16.6 15 12.3 8.3 3.5

t: 280 300 320 340 360 380 400 420 440 460 480 500 520
SH: —273 =9  —i6 —20.8 —2f —2§ —27.2 27.7 ~27.6 —26.1 —23.8 —20.2 —15.2
_t: 540 560 580 600 620 640 660 680 700 720 740 760

S.H: —9.3 —32 35 10 162 194 21.3 235 235 235 231 22.3

t: 780 800 820 840 860 830 900 920 940 960 980

STH T 2101 195 16,5 13.1 9.0 3.8 2.1 8.7 <15 —19.3 —21.7

t: 1000
S.H: —23
ptp: 4 ty ts iy t5 tg tq Iy ty Lo 281 b b
i1 7 69 83 127 272 304 314 416 570 600 612 690 893

pt.ps  ty  big  tig

t.i: 924 935 1009
(2) 20° Z FABRGERMSA: 10° Z % & 28D
AF S B3 MY 2 TERRS #i - Table 158 7o)

Table 15. Ship’s heading at each time and time inierval at principal time point (20° Z
test of the m.s. “Golden Clover”)

. ts 20 40 60 80 100 120 140 160 180 _ 200 220
S.H: 1.3 6.0 13,1 21.8 2874 30.7 30.4 288 25.0 20.0 13.0
¢t 240 260 280 300 320 340 360 380 400 420
S.H: 5.4 —3.3 —12.6 —22 —20.4 —32.8 —33.3 —32.7 —30.5 —27
t: 440 460 480 500 520 540 560 580 600 620
S.H: —22.2 —15.9 —8.9 —1.1 7.5 16. 2 25 30 32 32.2
t: 640 660 680 700 720 740 760 780 800 820
5. H: 31 28,7 25.3  20.7 4.8 7.8 0 —85 —17.3 —26
¢ 840 860 880 900 920 940 960

S.H: —~30.7 —32.5 —32.9 -~3l.1 —28.6 —24 18.2

b.t.p: ty Ly t3 ts ts ty K tg tg o
ti: 11 76 98 127 252 295 313 357 503 548

ﬁ. t.pl tu tlz t13 tl4

tit 570 611 760 806

(3) 30° Z RMOMMAEM 10° Z BBy o 28D
AR A BT T A EBREAS FER-2- Table 163 2l
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Table 16. Ship’s heading at each time and time interval at principal time point (30°Z
test of the m.s. “Golden Clover”)

t: 20 40 60 80 100 120 140 160 180 200 220
S H: 1.1 6.2 144 241 34’5 422 445  43.5 40.1 34.3 26.7
i t: 240 260 280 300 320 340 360 380 400 420
S H: 17.8 7.3 —3.1 —13.7 =241 —34.2 —41.2 —44.2  —44 —41.3
¢ 440 460 480 500 520 540 560 580 600 620
S H: —37.4 =31.1 <24 —16.1 —8 1.8 11 20.5 30 38
t: 640 660 680 700 720 740 760 780 800 820
S H: 42 42,3 40.8  37.2 32 25 7.5 8.7 0 —9
i 840 860 880 900 920 940 960 980 1000
S H: —18  —27 —35.6 —41.5 —425 —41.7 ~—388.8 —35.1 —99.2
.t 1020 1040 1060 1080 _
S H —23 —15.8 —8 0
2.1 p: ! 2] fs ts f5 7] fr__ts ty  ty  ty bz b
1.1 15 91 120 144 274 332 358 378 537 600 629 G54 800
bt p: t1a
t1: 868

Std

4
20

Table. 14, Table. 15, Table. 16¢] %7l S Zz o= ey el Fig. 13, Fig.14, Fig. 159 7},

6

13 16", / ti . \

30

Port

Fig. 13. 10° Z test of “Golden Clover”
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Fig. 4. 20° Z test of “Golden Clover”
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Fig. 15. 30° Z test of “Goden Clover”
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KMf$% 1. International Regulations
for Preventing Collisions
at Sea, Rule 15,16.17

RULE 15
Crossing Situation
When two power-driven vessels are crossirg
so as to involve risk of collision, the vessel
which has the other on her own starboard side
shall keep out of the way and shall, if the circ-
umstances of the case admit, avoid crossing

ahead of the other vessel.

RULE 16
Action by Give-way Vessel
Every Vessel which is directed by these Rules
to keep out of the way of another vessel shall,
so far as possible, take early and substantial
action to keep well clear.

RULE 17
Action by Stand-on Vessel
(@) (i) Where one of two vessels is to keep out

of the way the other shall keep her course
and speed.
(i) The latter vessel may however take action
to avoid collision by her manoeuvre alone, as
goon as it becomes apparent to her that the
vessel required to keep out of the way is not
taking appropriate action in compliance with
these Rules.

(6) When, from any cause, the vessel required
to keep her course and speed finds herself so
close that collision cannot be avoided by the
action of the give-way vessel alone, she shall
take such action as will best aid to avoid colli-

sion.

(¢) A power-driven vessel which takes action in
a crossing situation in accordance with sub-
paragraph (2) (ii) of this Rules to avoid

collision with another power—driven vessel

shall, if the circumstances of the case admit,
not alter course to port for a vessel on her

own port side.

(@) This Rule does not relieve the give-way
vessel of her obligation to keep out of the

way.
Mt 3 |
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