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A Study on the Maneuvering Characteristics of a Vessel Changing
Course by Using Control Surface in a Narrow Channel

Abstract

This paper treats mancuvering characteristics of changing course of a vesscl
using her control surface i a narrow channel with strong current. The author made
a  mathematical model  analyzing  course changing maneuver of a vessel  and
caleulated the values of maneuvering motions of a 100000 G/T LNG vessel passing
through Pudo channel in the way of Inchon harbour enterance.

A very large LNG sea terminal and sea berth had been constructed in the vear of
1996 in Inchon outer harbour areas and LNG tankers of 100,000 gross tons have
tarted entering Inchon harbour since October, 199% carrying LNG through the Pudo
channel. which was designed and constructed in the period of 1930 years for the
passing of vessels around the size of 5.000 gross tons.

Therefore it was a utmost important thing to verify safe passing of the large
NG tankers with some methods of theoretical and mathematical models calculating
the vessels mancuvering motions in the first part of 1996 vear.

In this paper. the author proposed mathematical models of calculating maneuvering
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motions of the very large LNG tanker and calculated passing tracks of the vessel
through the channel and compared the calculated results with those of maneuvering
simulations by a desk-top simulator.

In general the motions with the calculated values and the simulated motions are

very well coincided with each other.

AL

d BT

k %

K ME M X5

K FAISE M MR

L M 2ol ( Lpp)

m b B3

m’ FRHASHE A A2t

m, FAHREHE Mybskol Hylmlat

m Mol AoiMe] LxtastEl M4uabst a2
m, FAHEE Mywato| Hylxiat

m Mol AoiMel Sxielstsl & glarst IR
Ny Etztoll o[3t 2 ME o/H

N, FASE BRHE o[A$

N ;5 Mol AoiMel Exteistel o)y 5

N, AH&Tol| osh 1XHe XE R2HE ojH%
N, P FAYEE o)A




27

o B we

A

"

o

A
T

a

2
Fel ol

2

|

f

T
o4

FETEES A

A o

0

BAGHA A 43

POl A0 A g

H
ar

N
of

pa

7t 42 Wx) pMere) et

Zba =
o

NP

FEL AjZH

o

t

I

<dr
zl
100
20

<k
b

A

<

100
0
w0
KO

EZJIPTEN

3

xal

K
ok

A
T

FEl o]

3

Al

jun]
e

AL
-
AL
T

hEl o
0f 42|

[e]]
AA

SHEl ol
2

|

=

|

[
7=

T=0f|

BXt
;A
2+

T BX}



28 BRI AR KB RICE #5208

1%

o7 o5 1 oAl e B 5 A was wie] £4ENAE Zkil
o ApB|ZAlA A dATT glct. oleidt A s gz A oJofutal
qlos 53] A< st EFA7IE Aupzze] Folllde A% a3kt

AqA A 2E FTEE apdA 3E 23l qeler F9E WA FAE 27
o AupEo] eaMEL FUIHT gl AA Al 27 A x5 sries AAe2A
A zchke el G/T e Autelgch 2 oxge e el FAl
o] VLOC7E E8iste RO oo 22 e FAe zAE g 57t dFoR AR
Ae A" RS Apalo| At gpete] 718l Aot AR zrAoz ¥
Axe cgch AES Aels quAlEE AA =S ol ZEshe Al AR
W 5ol sare] AHSE 2olAA oje] 7HA olEE zA|o) AT AL %l
A% £3] Aue) %) zas 1 e Aot

Sejutell M= EaaraARE QAR olelgt At &l gA7 A71A 8
= e = ATk

=4 199630 A3 EFOI Aebe Wag £EE T sfedot qlgol 7He® QA
o i3 LNG st 107 G/Te] ING VLCC7 AbE sea perth7t AAHRL, 7]
o G/T 10%¢EY == g8 LNGA ZqshaA FEE grzoln el HAERial
2 o] 2A]) 274 3 g4do] t& A Act.

o] @7e BHE A gAzAsAA e wgglol %A A’ g Alatel
Ao FFo] AR gzdA s 4L 22 oebd Histhkel Bl & 7
gl e7tE olE B AFAHSE o7 srasted Ao

150t o1 Aol A% Aqute] z2Fel B TAE SERI L R Al
A ezl D77 garsiA olFelA KL oxge old FA ¥ A77t A
o) g A WA 2L Tz Al Azt FAAA %A s B
o F& 23T AT Aqute Az AWt IE R B A o] Foix17A°]
Qi olvl AZR ANE oA s AA zzso] YT WAE sng 5
T ot

-

¥
ri
N
—r-d
ol
;E
ey

3
=
o
<T
2
]



BORGHANA fifizol < et HrEtis St AR gyor 7% 29

o] teirel Az o] 4) T L9 el g eie el 1924 0y
T U SR e oleag 202 gaan

Py
= HEe] 109 GTAlke) pn ma Aol Rhefo} mpga u gae sy At

i~
o
N
;
A
o
of
o

% ) A . = A
vl on‘é—oﬂ 9\1‘:': ‘}?—5‘—‘7‘

stelon ehdglare o ste] Mbg % gl A g v Alidatede.

i

107t /T2 LNGATute) o) th2ke) TESE A HESEL o] Aupe) g
A& desk-top simu latoref] 2]3}e3 stmulation8}9j ©_uj AA 39} simul ation Z3E
Bl R Ay = HlFefoll 4] oz 2] sl ou] o T Alz) o) 24 2%

AHE Sl Ssele v oA g g g Aol fg3l o) 4

W2 B sl Blanao] sEar

| #ERASl BHtER Hig o L HERREM 455t

&8 kol 4 fioffe] SEaE w) surge, sway % yaw$ g aspe SN R e

vhEh 3,

-

m(u—ovr) = X
e 2.1
L.y =N

""" Lefub SRAERAERLS) o) 7o Fetal) Slatedals (21)419) sway 2} yaw-2-5% b Al

A JEigTS we) g IZIHRR O 2 Frpate. REE] #Ae o) stolx Ada) o=

=D, 1, 5 6, 71 ) <) o
ol WAL ol w) gy

2
s
=
o
oI
\
/
o
z»m
Aarer
L]
2
Ju:O
-1



30 BEEE AR KB BCE $208
@2) A8 @A o, vEE Axsa o 2o

A N

Nv(nzr N7 P (2.3)
1

N,

v =

(w,7-N,7—N,38")

v =

@219 @l 23)4& KA aae A @AM 2 i &5 A
& derh

m'yn'z 4 _(m'er+ Yvn'z) ‘o + ’
VN AN —Y ) VN, AN m—Y) r
— M—'s———- s + m”N‘Y '3’
VY N ANm —Y VY N AN (m —Y )
Tsz;"‘*‘(Tl“‘Tz)?‘”"}‘?":K‘a +K‘T'3'3' ............................... (24)

oV

—(m N +7,Y)
_ r zL w
T\+T:= VN, +Nm —Y )

m

o Ao e o
Tsz_ Yer+Nv(m’_ Yr)

T =_____,ﬁ’_yE_3__—f——
3= YV N, AN(m—Y)

N,,Y',;—Y',,Na _V's
Yer+Nv(m’—Yr) T8

K=

fefs 6 =0Qdele A2 ono) zero’t HEE 24)A L Thest ol AHT &
At

(m’yn’z) ;”+[m’y(_Nr)+n,z("' Yv)] 1"+[Y',,N,+Nv(m'-— Yr)]r’=0

{(m'yn’z)a2+[m'y(—N,)+n'z(— ¥ )lo +1Y N 4N (m =Y )} =0



iAol A fRatel o g Bt AIgAel Bt H0E 31

G IS E okt Rk

oyo] s=alofx] AL obA] Aol 3kl
Bz \/;Bii QAQ ................................................................ (95)
7y 7T 2/1 s
Aerd il a0
Z A0, B0, C20 etk
A=m .n () &k ikargkel
B=wm (-N,)+n =Y, >0 ghab ALk
C=1Y VIN, I +0m~ Y ON, 0N, °l 7]l wpebs] #H-deh
CHEAS s
) KT 5 =08 H i (2048 et akel €
(Tl fyvl);' ‘LI,fK'(%
T"% F>:T1—‘ T = 6‘}13.
Ty +»=K3di ¥ el R wul jRAEst B el e ik
.‘I: (ﬂ\j}.
(2.6)

0. ol WAL il s optimum

o0
i
ot
—
1

algrin g,k MR W e

rudder action®- 13! 213 7rel



32 BEEEABR KB BrE 2208

33 2.1 optimum rudder action
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Disp. 0 1201H4 &
LppXBXT : 200X468X12 (m?)

B/T : 39

L/B 1 6.2

Cs 1 0.72

Rudder area ratio = 1/60 = 290x12 _ 58m?
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Speed D20 ke (AE SR el A= 12 ke® #)gh

3.2 Bal 2=Ees Ehaie’

m = 12019/ L pfd = 0.232 b a4 - =)

m' = 1.75~0.232 = 0.407

A

n .= 0.029

3. 3 MIREETH
3.3 1 FKolM Bare hulloll cfst Az ° %

Y, = — Ltk 1.4CaBIL = —0.293

I

Y, = 7’1?/@: 0.065
N.= —k= —0.083

~0.54k+ K = —0.038
A=0012,  B=0.024. C=-0.003

2
]

o,=0.12, 6, = —2.12
o] LNGAIZ Bare hull te 2+ 32 2ok Awbely] 2 9908 L/B7F A9 64 %

e grel 7)elgheha A7k gl

3. 3.2 &Kol th3t Bare hull®l #{%88 (h=1.25T)"% ™
Aol g vlAGE Aol Ao SR ASE Felo] T8k 4= 9le)

m = (.232
m = 4<m = (.928
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n = 1.66%Xn", = 0.048
Y=454xY,= —1.330
Y = 1.5xY7 = 0.098
N 4 = 5XNv = —0.415

N, =3.2xN,= —0.123
A=0.045, B=0.178, C=0.108
o= —0.75, o, = —3.2, T =1.3

3. 3. 3 #:EM2 Rudder?t SRSl ALEHOIIA RKOIAM 2l Ai%sy™

2)9] MUREE fiifo) screw propeller ¢} #ttRe] v At E $R = ojof It

oJE 4L sel Fv] SlshodAlE T Aol B bare hulke] A9} &

2

719} elgto] g A9 £XF FHolx ZAEEL vl W oE FAASE E
& & Y
Model No. Model No. u] A1)
81,1 8,00 A x9] v A S/bare hull =A<

Y,= —0.335 -0.309 L1

Y, =0.089 0.064 14

N,= —0.09% -0.121 0.8

N,= —0.077 -0.064 12

81,1 model& (F317]+eh)E FAI3tIL 80,02 bare hull& EAIFcY.
bare hull ] v]A|ell 23 HHAe] 29 F2 o3 At

6,=+0.005, 0,=—0.33 (bare hull} 2 2% ¢ ,°] H+0)22 ol F21F A.

Hespke} fotio] 3R LNG fihe] BRkF RuREL
m =0.232, m,=0.407, =»,=0.029
Y,= —-0.293x1.1 = —0.322
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Y, = 0.065<1.4 = 0.091
N, = —0.083x0.8=—0.066

N,= —0.038x1.2 = —0.046
A-0012, B=0.028, C=0.006
o= —0.24, o,= —2.09, T =4.2 "

9le) ZFHe LNGAle] deep seaollA] 2= Ao £E2% EAL veplleE vAlsE
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m = m %1.3 = 0.302

m = m x4 = 0.928

"o = n.<1.66 = 0.048

Y= Y .<4.54 = —1.462

Y =Y ,x1.5 = 0.137

N, =N,<5= —0.330
N=N,<3.2= —0.147

A=0.045, B=0.207, C=0.160
o,= —098, o,= —362, T =1.02 "

1

Rudder force =2.2% 5 oAu’sin § cos 8

?1.h58x36X%*$n25

=1.1058%x36x 8 (sin26 =26)



38 WEEF AN AR Rk $208

<+ 0=0.015, A=58m% wu=6m/sec

Y; 86 = 229706
Y, = @"— = 40.037 (A%)
ipldu2

Rudder moment

Nso = _Z-ZX%PAuzsinacosax—ZL

~ — 229705 xgl

— 2297068 ><§1
N,=—7—>—==-008
Epl du
9] REL hore] 2F 54N 7|27} Ak

Y= 0.074
N ;= —0.036

K'e] gk} ALt

N)Y;-Y
KA%) = 5 e iy = — 150
K= —0.030/sec, K& = 0.03x15° = 0.46°/sec
K (%) = 083

K= —0.017/sec, K& = 0.26° sec

3. 4 MRBETH ROl OIS 1%3E°

919 vlAISS= 100000 G/T LNGAIS] F25o 9sled 4 AAg grolmg -4
Al 712l wHEAE dut AR5 A6l st o] AL AEY I
27 2 2 AL A v 2e g9 )
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e’ +1

n. = 2mr (0.240% = 2 aCylBd~ (0.24D)°

= (.083p BatA )

4 1025 1 /
L]’ = S X = 2
Eoe=J000 “ 9.8 01

N;8 = 2X2.2‘f’f%pAugsin 5 cos xé

2452psin 8 cos & < = 12260(~ 26

= 2452008 = 6420l (HF) &, & = 15
N = — 4 [y odl' A+ 2210 o B+ 2]
= —0.1dpdl'y (35

_ e 2-0.083pldB. _ B
“7 n, 0.1144pdl 155
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=1/ Nso _ 6420 _ [5612 _
4 N,, \/0.114414dp pq ~ 0004

Ho_
T80 = 0,004

A(#) = 0.0044x57.3 = 0.25°/ sec

B 15° 8 AR W 24 AN nlASE olad Farr 7s = 0.26°/ sec 1 H|

=0

& AT AL WY 9T 20 0,257 secolth. dely 2 AT 249 o)
AL 2FLEAIN 325 ol sPeere T 4+ 9tk

H43 100,000 G/T LNG #fie] sk i el
& G

B, BRI 2t F& $RdA BiNY g femaEmRe FRBISZ 15° 2 #IR
5_]_% 7)_101 %E}.Z)' 3, 8,9, 12, 14

4.1 BROILL 9ot elg wel ButEse
FEARA A2 030°e14 052° W22 WA Eay

$a=K 6,02ty — £,)

A _(ty=1)

e — 2e T +1=0
22°/571.3 = —0.8(—=15°/57.3)(2¢ |, — #)
2t — £, =1.83
t,=2f —1.83
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6.293¢ "% —92x6.23¢ ¥ +1=0

e 2 =1.920r 0.08

£ o oec B
£1>0 ) =2.58

2.58 x 290 = T48m
f,=2x2.58 —1.83 =3.33
3.33%290 = 966m

T =1.02

S = 1.02x290 = 296m
T=2%6+6 = 49=%
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(1) CHSEFZtAH A

@

>

A& 12kt = 6.17m/ sec (HAFZEFAP 9] Agax)

5 5.1 kt=2.62m/sec

J

ZXZ.ZX%pruzsin 4 cos 8 Xgl

= 0.5% 3 ,x2.62°1xdx0.2 (Y force® 78 F leverS Fseich)
2297 sin2¢6 = 2389
sin2é +1.4

-gEtzto] Qlom R fRaThEe) ),
@ A% 12kt = 6.17m/ sec
fr4 4kt = 2.06m/sec

2% 2.2 % 0 Aulsing XZI

= 0.5x% %pwxz.oezx Px Tx0.2

2%2.2%58(6.17 — 2.06c0s20°)%%(.25sin2 &

= 1144sin26 ton-m
0.5%2.06°x290%12%X0.2 = 1477 ton-m
sin26 #+1.3

mebd AN aTREshc)
oAl BIMTTEESE o= Bl VLOCE shallow water effect 7} =24 zhgs)

7l wEolct <& 51 o] 100m, draft 4mQl A A} Zpe g4 4 ktE 29y A
Abste] Bl 2R g dlgelzte T 5°~6°H % uho) 5x) olugic}.
#2428 BHA Azsld 44 o)ad 4 o)
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() Al5ell 2] o] -4 5.2 (b) Aellro] f4 58

o ol A 2EA digebte] AR 1504 Alg 5
olob dhrh disil 15%0)4ke) Hizbe guirbe] Al rhe zEEabe ddshy)
A& A s mitel 2 98 i 4 gioh

2,2.2x % 0,.A(6.17 — x)*sin15%0s 15~ 51

= 0.5x 1 Xl d»0.2{( = Y, Force x lever)

Ou
31.9(6.17 — x)° = 348x°
316x°+392x — 1215 = 0

x=14 or —2.7

th o ocosl5%~1

T 1 s
1| ) i)
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(b) H-pollAe] fal 55

dlt

(a) Aol A e] 4 &

e}

e, Al e ghlel <] AluE 2

olo} @} sfibslel 15%014be] H7he dlgElzte] ARS-S ohe xEEAS A Ush

Fg 4 Al sb] widel +F $8e s 4 glch
2222 % 0,.A(6.17 — x)°sin15%o0s 15°~ %

= (),5~ “L'leXdXO.El( = Y, Force x levey)

31.9(6.17 — x)° = 348x°
316x° +392x — 1215 = 0
x=14 or —2.7

gk cos157=1
T4 - 1.4 m/sec
1.4 m/sec=2.8 kt
A - 2.8kt
ape}a] 1579 #EfS A course steady”t H R U BokiinE-S 2.8kto)ch

of ool figrell A= Aw Ealrlo] woia fifinol f1go] upect

43

=2 tjSebzte] g 15°"Hwg 4
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(3) REMY HARYOINS X H

100,000 G/T LNGAtte] ¥x=Auke] co. 030°4] co. 052° 2 WA3s}7) ¢lse] 15°
9] e}zhg AHEE o Adube A EE 1.02X290 = 296m APF, Ao 2E 296617
= 8% ZAFAF ZrEE (0.26°/sec 2 turning@d ARolct a2y B§E A= A
o) gl7] wj-Fell AAL APAE (6+48)X(6.17+1.4) = 463m A PF EAHQ A3
7} o]FoiA Aol 2|3 wiio] AW 1 o] Fol| Hox 22+0.26-8%7} A7}
slojo} ok wlebx] WMAAzto R NE] WHo] 9AE wWrix] 3k FAIZRE o
Zc}.

t= L(BHEe FEW 28k AT+ T+4,/0.26

= 6+48+85=139=2% 19%, 13+ ]=139X6.2=862m

a2z M3 e course FAlo HLozF dlgEtzt 15°9F WA e’ bz} 15°
£ 319 st'd 0°AE WYY #EAS Al 277 & A7 fR18kn 9l
of g},

a3 257F AVl o)A fifsd REE Fojof .

Bx 2329 P42 A6 draft 12me] 10%HE LNG HA7 £33 & 5 e
F2EZL ofE 2~3 cabled & F, 370~555m (chart/} ¥Adx| &) el =A] o}
Uit olald f¥FRoA 0°HEY diebzg AAZE AMsPEA 33w
-$EhtE Fojof Frhe AL £ AFE 2AY F stk GdEA] o] £ 2F
E 2%kt A= AP o] LNGAY A 34 Adlg Fesigy yolxich
2kte] 2HE FAAA0] ggolA] 15°74 oA wtw g A9 o-3-ete o o}
&3 2t

2><2.2><-%—pAuzsin 8 cos 8 ><§’

- 0.5><%p><12><290><12><0.2><1

1595sin28 = 368
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sin28 = (.2307
28 =13.3°, 6 =17°

o) 4] ejzfoleln 2 fgele] UEA] TFeshchn wolH AT o] S
§ faestre eha FXE gk mebq 9oE FEFRY $He gl dde A

2 e gds] sfisteiol & Aol
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W) =Ks(l—e T)

¢

0.0173<15(1—e %)

i

b T =1.02, /=290, uy, = 6.2m/sec, r, = 0.26°/sec
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10 0.05°/% | 0.25° 62m 0.3m 67m 0.7
20 0.09 0.9 124 13 139 2.1
30 012 2.00 186 35 201 4.7
40 0.15 3.34 248 6.1 263 71
50 017 491 310 114 326 134
60 0.19 6.68 372 186 387 210
70 0.20 861 433 219 448 30.7
80 0.21 1066 494 39.3 509 43.3
90 0.22 12.81 564 53.0 569 59.0
100 0.23 1504 614 69.1 629 72.0
110 023 17.35 673 876 633 91.0
120 0.24 19.71 731 1085 746 111.0
130 0.24 2211 788 131.8 803 135.0
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