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A study on the improvement of the accuracy of fishing

vessels manoeuvrability prediction

Kim, Su Hyung

Department of Navigation Science
Graduate School of
Korea Maritime and Ocean University

Abstract

Only a few studies related to the manoeuvring characteristics of
fishing vessels have been reported, because most fishing vessels are not
subject to the International Maritime Organization(IMO) manoeuvrability
standards. In addition, since the construction scale is smaller than
that of merchant ships, empirical formulas, rather than model tests, are
use to predict the manoeuvring characteristics at the design stage due to
time and budget savings. Nevertheless, because no empirical formula 1is
developed for fishing vessels, the empirical formula developed for

merchant ships i1s applied 1in its place. However, since the
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characteristics of hull shape parameter in particular C,B/L and dGC,/B

of fishing vessels and merchant ships are clearly different, prediction
errors will occur. Therefore, in this study, the modified empirical
formula was derived by including the characteristic parameters of target
fishing vessels in the Kijima et al.(1990) formula to improve the
accuracy 1n predicting the manoeuvring characteristics of the target
fishing vessels. Simulating the turning-motions of the target fishing
vessels using the modified empirical formula yielded an average error of
6% compared with the sea trial test of full scale ships. Hence, our
results reproduce the test data more accurately than the Kijima et
al.(1990) formula. In the future, the modified empirical formula derived
through this study will enable a prediction of the manoeuvring
characteristic of fishing vessels at the design stage and an improvement
in ship safety and fishing efficiency in the narrow fishing port or in

the fishing ground.

KEY WORDS: Fishing vessels; Modified empirical formulas; Characteristics

of hull shape parameters; Correlations
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Table 1.1 Criteria of IMO standards

[tem

Criteria

Turning ability

Advance <4.5L, Tac. dia. <5.0L

Initial turning ability

Track reach <2.5L,
The heading has changed by 10° from

the original heading in 10° rudder angle.

Yaw-checking and

course-keeping abilities

(1) 10° /10° Z-test

o 1°" overshoot angle

e 10° , if L/V is less than 10s.

e 20° , if L/V is 30s of more; and

o (5+1/2(L/V))° , if L/V is 10s or more,
but less than 30s.

o 2" overshoot angle

e 25° ,if L/V is less than 10s.

e 40° , if L/V is 30s or more; and

o (17.5+0.75(L/V))° , if L/V is 10s or more,
but less than 30s.

(2) 20° /20° Z-test

o 1°' overshoot angle <25°

Stopping ability

Track reach <15L,

However, this value may be modified by the
Administration, but should in no case exceed
20L.
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Manoeuvrability
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‘ Decision of Ship ‘

Fig. 1.1 Flow charts for evaluation for ship

manoeuvrability (Kijima 1995)
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v==—UsinfB , B=—sin 1(U/U)i
< Yo R AT

r = T(Lpp/ U) (8)

o 2
m,m,, m, =m,m, my/2pL d

ro .1

Izz’ Ly T Izz’ /Lzz/EpL;Lpd

XY =X Y/LL dv?
’ - ’ 2 ‘oD

' 1 2 2
N'=N/pLy,dU

S Az vkl ol & AFelMe 2FeE F4Eds Kiima et
al.(1990; 1999; 2003) A4 ==F<] 7|xte] & MMG =< ol&staler, 4
6) +He 949 x, v, N = AA, FFE 2 =AY RO yro 39
st ok o] A (9 2ol vEhd 4 9l

X=X, +X,+X, 9
Y=Y, +Y,

N=Nyz+Np,
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7122 AEES vz 7E EWAAe] EFHSF v, rd ez
®d¥Y. Kijima et al.(1990)2 2] (10)37 o] Hr7} AF 32 FHo| E3HA

712, BRZ4 g FAU3E A& 2 olg ATt
(Kobayashi et al., 1995). ¢]¢} Z2 4o AFES FAY vAS2 A
_ 3% 22X
W, 23 =geE =Y =X, 5% 2ol rxstetel EAIFATH
or o30r
Xy = ngdeQ(X rsznﬂ—l—qucos ﬂ) (10)

Yy="L21, dU(Y,B+Y.r + Yy, Bl 8|+ Y, rlr |+ (Y, 8+ Y5, r)5r)

9 pp

Ny="LL2dU* (N, B+ N.v + Ny 8l 61+ N, 7|7 |+ (N, 6+ N, 7 )pr)

9 pp

2.2.2 =2H g ZL3= g
Ay g3t P> BE AE e 3 X, oy, g Wke g

ng]' EUE NP*IE U]{i:fi]—ﬂ-l:—_ 7]—23 ;‘5]-0]] }\g%]:g]_ud é} (11)34_ Zg]_q_

Xp=(1—tp)T= pDpnp(1—tp) K, (11

rlr
K
fru
&,
)
N
B
S
Ir
K
fru
)
)
)
N

T T —

[ex) nP
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= medy 34 4, K= z2dy 29 A58 gehdo,

o
£
[H
fru
)
v

29 A% K= A0A%F J,0 23 o en 4 127
o] HEH o e £ o

o

Ky(Jp)= C,+ Cylp+ CyJ} (12)

A7NA, C), Gy, Cye 22 S A AFE), o Z=238 3

oty W%, 2FeT F redet A FU Aeud 2

3 AR ol 9; A, A fd 52 5 P JRS Ad H7 29
Zedes 54¢ I A48T 5 7] WEe Zedee fE 49 &
€

= 4 (13)7 Zo] yehd 4 SltHKobayashi et al., 1995).

up =u(l—wp,) (13)

o] g2 EH3}e] Kijima et al.(1990;

— T
1999; 2003) Aol AFg" 2 (145 A A 3G tHKijima et al., 1990).

2

wp = wpyexp(—4.065) (14)

Bp=pB—xpr
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2.2.3 Bt #83h= I3} =HE

Elo] 2&3t= 3 X, V9 BWE N, & dubd o2 Fig 229 o] &2
Helo] o3 7t&5dE FR/olA Bl si@dste A Aol WaFe] FRo A&
ol oaf el fFYdEHE AT A&l izl S
9 oz mdy 3o, 2] (153 o] yeld 4 thKobayashi et al.,
1995).

rl

|

Xp=—(1—tg) Fysind (15)
Yp=—(1+ay)Fycosd

Np=— ($R+aH$H)FN coso

ATVA, tpay, 7y = BFOIA A} Z2A wXE Fa 14 A%l

tpe ZEF A A AFEHN, Fysinool gk g A3 4 AF2 Ao

HH, Fye 25 3% AES gudth dA X, & ZE g2 z=dg 3
g W3l JES xFs7] WE ] (2 ZEF] 9% B} A Ao Zz=AY

F99 IV EFE Yudth ey BE S7F AFEHA, xE AN F
ek A #Ests FY Az Ao, Fyo 5 WE A
S ougt, F£x Aol aye Z71= A9 0.3~04 H=o]H(Kose et al.,
Zet AA T AA e Z&shs F9o] B AYY AEEG 30~40%
age A guFth zpe BV 89 AR 5 UFE AEHeE AHoH

M, 2GS A QLA An B2 FERT s TAFHO
22E g 9ANAe 2% FHFoln] g 050,01t £, B 8=

wardaE Agy Fys 2 (163 2o] Uehd 4 9tk
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Fy=(A,/L,d)f, Uy sinay (16)
f,=6.134/(A+2.25)

Up = (1—wpo {1+ C.g(s)}

gls)=nk{2—(2—k)s}s/(1—s)*

n=Dp/hy,

k= 0.6(1—wpy)/ (1—wg)

s =1~ (1—wp,)UcosB/nP

Wp = Wpy - Wp /U’Po

ap :5_7}2'63
Br=0—2xh.7
rp= —0.5

AZIA, Ap/L,de B BAHNE, A< B FIHE Yebdg. mebA el #54

At G55 FE 4 S5 U FE Y 4 aps okl 4 ADw 2
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(18)

Upy = (1—wRO)u =eup

237

)

8K
1+——1
Jp

eup[l +k

=upy+k, (npP—up) =

Upo T K, Au

Upp =

(19)

—_
o

oju

=

de] AAuT a7,

AL

oA e

JERIT, BE Bl

upE JERE 4 (20)

=) o
o 0
Bo
o)
e
joF-
iy
Gl
H
1)
ol
&
<
QUR m
= <
_ +
= z
+p <
nE Il
s~
= <
A °
QUR Am
g &
AR < U
Q.
* _Q
&
S I
bl c <
< |= T
V —
I T
~
3

)

XI
B

)

‘l_r_
0

cal

oy
0

,w,o
o)
joF-

-~

—_—

el

H

)
Gl

o Al
LI |

UYER ™, up

=
=

B} %9]
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s, 4 Qe ZeAy BEEA(K- J,34)0 LHA YA fow A

, upps ZEAP EY¥|@lp ratio) s AA UERE 2

7] A, s=1—§—;01t}. mela A (183 @9F A (0] thste] obe el
A @37 o] e 2 gl

Up :SUP\/U

EUp

i \/77(1—5+k5)2+(1—77)(1—5)2

2
S

- fz Vi— 20— ks + (1—nk2— k)’

= snP\/l —2(1—nk)s+{1 —nk(2—k)}52

= u(l — wRO) V1 —I—g(s)

4

Vp == ’yR(v-i—lR r) (24)
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A7NA, v AFAF(flow straitening coefficient), [, FAlSA S 25 H
=

g SA7A e FRAYEIA s, Fl-19] el dukze
=

ap= 60— — (25)

_ 5+’yR(v+er)

Up

i 2ot
R

U U u

A7, y=Cs Cp, v= ’YR( J CS:’YR(_ ) CP:_P o, Cg=
Up Up Up

AA AFA T, Cpe ZEA Y] HFATolt. =3 ARAT v9 24894 24

Moz g9 r2A A7 2FeE T L W, B Al 00 A g
Ope TEA W okl 4 @DEHE 1& T 5

0p = 7(5 - l}z?"/) 27)
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2.3 334

231 An AL 133A L& A4

Au] FAS 1#HsA @S Formula 1990(Kijima et al., 1990)& A4 133
(Container ship 2&, Cargo ship 3%, LNG 1#, VLCC 2%, ULCC 3%, Car

carrier 13, RO/RO )¢ +& RIAF L Bl =&5Hom, %27 A4 &
AA Aduto]l 711 Fa ALE o] &std 2FATES FATT o A& A
—] - T %

AN Aut 2FAHE FA AdsiH, AT AA &4 7D AR
3], AT Ar FA4S 7H At F&AS A Fol &HZ o] tHKijima
et al, 1990). 5E&<(even keel) ZFejollr XA 2&3l= T 3 H(ateral
force)® A5 8(yaw moment)ell gt w]A (derivatives)& =&3t= HHS
2] (28)7} ZTh.
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o1
Y, =gkt 1.4GB/L (28)

Y, — (m +m;,)=— 1.5C;)B/L
Y5 =25d(1— G)/B+0.5

Y. =0.343dC,/ B—0.07

Yy, =5.95d(1- G)/B

Y, = 1.5dG/B—0.65

-

N, =—0.54k + K

N3 =—0.96d(1— G;)/ B+0.066
N, =0.5C,B/L—0.09

N,,, =—(0.5dC,/ B—0.05)

N, = {57.5(C,B/L)* — 18.4G;B/ L+ 1.6}

o
ks

71X, C= B8 wA A Le AAZDol(=Lpp), B= AZ, de=
k(=2d/L,)e AA 9&< Yehar
Aoz fAE A oA 7P BEFst, FH37] JE Age AA,
So] glth
E3), A4 GANME o] AFEY AR =& Ao HE oA wEo 5
2 An

Aute] BiH 2FHSS Tt FAHI 9
=
T

om, o] AYXNNE A A-F FF AlF(free running model test)d &
2P A g (captive model test) 5o @A P AAZHE 7P A cHKijima et
al., 1990).
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WA, BEENMAF a9t FAYsE B B £33 1Y A8 a,E

Fig. 2.2} 2o] Gl ti& F=x 7Pgstsr:.

1.0~ %4
0.5
Cr
I 1 —

FZAF 95 ay © 7= 0.3~0.4 A=o|H, o]AL ZEFY Z7tel 9
st Agste B WE LAY AREG 30~40% 4= A= A 9]
FchKose et al, 1981). =, z,° ZHZS Ae) 045L 2H, Ao Av)
FEoA Agsta S & F Avh olHT F&S ALk B ApojollA 2

e aEstd olsid 4 ok te9 Fig. 233 Zo] =
EHS Aol wet el A FEo] A FA Ak B Aol #AIH
Aol gaiA F7F 9 AR AYZE AAA TR
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Fig. 2.3 Rudder force and additional force induced by steering

WA ayE —AY/Fycosd® BRI, 1 AYS FgHoR A5
I Aot o3 A4S Karasuno(1969)=ZF-E A E A 2™, Hess(1978)l <3l
ol2x o2 AHolF rHYasukawa and Yoshimura. 2015).

ZE} A A& ASF t, 2 Matsumoto ®H(Matsumoto and Suemitsu, 1980)
of osiA 4 (299} Zo] 7 = AT

(1—tg) =0.28G,+0.55 (29)

weh, 2y YA oAA e ¥F AlF wpye= D. W. Taylor(Kijima et al.,
1990)ell 2J3ted 2] (3003 #o] 71 = AT

po = 0.56G,—0.05 (30)
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2ol 7Hdst At
e=(1=wp,)/(1—wpy)= —156.2(C, B/ L)’ +41.6(C,B/L)—1.76 (31)

v=—22.2(G,B/L)’ +0.02(C, B/ L)+0.68

232 Av) P& 1A AP

Formula 19903 A o ojAlel oizt #=&
Kijima and Nakiri(1999)¢] Aw] &4 32t P2 Formula 19995 ©]-&3}
Aot Kijima et al.& Formula 19902 A3l o]&, HA|FHoZE FQ
A= Adul 4o ik Zolo s A =FAdsl & §3]'7]' A g
= d7Aa37E gl w2 G2 A
AS = A4S £33t Formula 19992 A £0] A ¢rslgd thKijima and
Nakiri, 1999).

<)
=
=
—
©
©
@]
Ny
N
hn
2
O
_|_4
o
2
ofh

mlm

L
ca=5(1=GC) (32)
, €,
€, —
1,1
4 (Blay
1_ Cwa
O, —
1-C,
1, 15
K= (€—+ 5 33)(0.950a+0.40)

Uebdth 23183 vt 2 FE5(even keel) ZGEjolA A =83}

g1l 3 H(lateral force)¥ Al4=%F Q(yaw moment)ol] th3k ©] A <=(derivatives)S
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wEae W 4 (333 2.

c1
Y=gkt 1.9257(G, B/ L)o, (33)

Y, —(m +m, )= %Trk—f— 0.052¢, — 0.457
Y5 = —1.199G,0,+1.05

Y, =0.225(dG,/B)e, —0.12

Y,,, =7.1256{d(1— G,)/B}

Y5 =10.443[d(1- G) *—9.374{d(1— G)/Ble, +1.227

N, = k{150.668[d(1— G))/B.c, K]’ —23.819[d(1— )/ Be, K] +1.802}
N, = —0.54k+ K —0.0477¢, K +0.0368

N, =43.857[d(1— G;)/B.e K|* —3.671[d(1— G,)/B.¢,K|+0.086

N, =0.15K—0.068

N, = —0.4086C, +0.27

Ny = —0.826{d(1— G/ B)}e, —0.026

o] %, 2003 WY WA A Gt FF A Kol w4 349k 2ol Al
of Zgat= HAY mASE o] TS MESE Formula 2003¢] A<= 2t
(Kijima and Nakiri, 2003).
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1
Y, = 5mk+1.9257(G, B/ L)o,

, , N1 ,
Y, —(m +m,)= 7k +0.052e, — 0457

d1-G)

B K—0.12473

if G, <0.6then Y, =529

else G, > 0.6 and G, < 0.75 then Y,; = —0.1700e, K (B/d)+1.08

else G, > 0.75and K< 0.35 then Y, =4.17kCe, —0.4475

, B
else Yﬂﬂ = — 0.47843 K+1.3

B . G,B
if G < 0.6and TK< 0.008 then Yy, = 306.52 T K—2.31454

C,B C,B
K+0.902

else

K>0.008 then Y, = —186.14

else G, > 0.6 then Y, =13.018C, —9.2775

C{,B+59
7 .

else G, < 0.75 and K< 0.3 then Y, = —42.6537

else Yy, =0.78145 ¢, K—0.43232

: dc,

Y,, =0.24267— e, —0.13108

Y, = —1.38643C, e, K+1.29

N, = k{150.668[d(1— G)/B.c, K]’ —23.819[d(1— )/ Be, K] +1.802}

if (d1—G)/B)o,K> 0.0133 and (d(1— G)/B)o,K< 0.0144 then

N, = k{150.668[d(1— G)/B.c, K]’ —23.819[d(1— )/ Be, K] +1.976}
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N. = —0.54k+ kK —0.0477¢, K-+0.0368

N, =43857[d(1— G)/B.e,K]* —3.671[d(1— G)/B.c,K|+0.086

’

N, =0.15K—0.068
N, = —0.4086C,+0.27

’

Ny, = —0.826{d(1— G,)/ Bje, —0.026
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AR BHEAY 2L AT

A5 7}

k<3l
=

A A A3d A
}32 Formula 1990, 1999, 2003< ©] &

S|

Ry ol 44 HA

i
o

oju

+35° BFZb3 -35° BRZbol el A8l e% AEd ol

o

3.1 o3 et A3

tod Table 3.13 #Zo] o

<

Kijima et al.
& oAl 4

g sk

o
=

S
yul

} F1 ~ F42} 3o})

S|

(]

=

=4 1,000 ~ 2,0008 Foz $a}atel

=

=4
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Table 3.1 Dimension of ships

F1 F2 F3 *Fq
Type of ship Stern trawler
Scale 1/20.833 1/20.2 1/24.167 1/28.333
L, (m) 3.0 3.0 3.0 3.0
B(m) 0.576 0.6089 0.5462 0.5294
d,,(m) 0.2112 0.2228 0.2069 0.1835
C, 0.607 0.616 0.574 0.5872
Ag/L,d 0.025 0.029 0.026 0.016

* Flap rudder fitted vessel

W ojHos HAT FRAY Au EE ode ofgd FASE 4F
ZolA AAZE 2 ol kel gHe] FFS B HFRG MaE AA W)
WEe] Azge] ¥e ARE FuT & ok 2gPm AH AP ARE B
FHI glold AWHoR £EW A E ABdCld Boel FHow
LY 5 Y ol At

32 £F A vAT =2

3.1 9] Table 3.1 AAS g o] 43¢ A& Formulal990, 1999, 2003
of Z+Zf st 2% FAY vAF e =Sk, AAo] A&st= mAl
4 S Table 3.29] YERNH, Fig. 3.1(a) ~ (< Zo] =A39 .

Fig. 3.1(@) ~ (oA o oJAlel =F FAY vASF 7 TolA Ad nA<F
Zkel A9+ Formula 1990 2 X e ==3F ZF¥ Formula 1999¢} 2003 ZHzZo
ERE o] ol "= Ao AolE UEt Al gtou, WY wATF @&
o] A= Al A2 A o] tAa Fold AES YEWrIE At

_31_

Collection @ kmou



Table 3.2 Hydrodynamic derivatives of target fishing vessels

No considering the effect of

stern shape

Considering the effect of

stern shape

formula 1990

formula 1999

formula 2003

F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
Y, 0.3842 0.4082 0.3629 0.3371 0.2693 0.2849 0.2741 0.2562 0.2693 0.2849 0.2741 0.2562
Y 4 0.8603 0.8513 0.9034 0.8577 0.8937 0.8913 0.8534 0.8237 0.8266 0.8147 1.8869 1.5742
Y,—(m+m,) -01748 -01875 -01568 -0.1554 -02285 -0.288 -0.212 -02253 -02285 -0.288 02212 -0.2253
Y, 0.0063 0.0073 0.0046 -0.0002 -00064 -0.0111 -0.0001 -0.0006 -0.0086 -0.0137 -0.0017 -0.0023
Y 5 0.8574 0.8360 0.9601 0.8514 1.0268 1.0012 11498 1.0197 0.8301 0.8024 0.8302 0.8135
Y 45 03162 03119 -0.3239 0347 07212 -06505 08471 -0.8169 -13756 -12584 -36824 -3.4267
N, 0.1408 0.1485 0.1379 0.1223 0.1212 0.1279 0.1229 0.1057 0.1212 0.1279 0.1229 0.1057
N 55 00723 -0.0689 -0.0889 -0.0714 0.0689 0.0737 0.1250 0.0862 0.0689 0.0737 0.1250 0.0862
N, 00562 00581 -0.055 -0.0511 -0.0455 -0.048 -0.0462 -0.0422 00455 -0.0486 -0.0462 -0.0422
N, 00317 00275 -00377 -0.0382 -00319 -0.0281 00327 -00343 00319 -0.0281 -00327 -0.0343
N, 00613 -0.0627 -0.0587 -0.0518 0.0220 0.0183 0.0355 0.0301 0.0220 0.0183 0.0355 0.0301
N, 02366 01983 -0.3051 -0.3108 -02960 -0.2752 03528 -0.3343 02960 -0.2752 03528 -0.3343

Bor
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olgfl¢] Fig. 3.1(a)> Formula 1990, 1999, 2003 ZtZto 2 RBEH Z=Z3F g of
Mol ¥ S @e UERd e zolth 7] A, Zzte] ag o] Lieh
2%e A% NAF Fe dBii, 2SS g o4 F

’

Y, N;, N, = Formula 199022 %€ =23 gko] Formula 19999} 200322
RE =& gud 2 gegen, v, —(m +m,)e @ ZA v
a8y Y, —(m +m,)E vaA Ze ghe zke v e w2 e siAE
=3t Zko] Formula 19999} 20032 = H-H

‘RAE‘r. webA g ojdde] AY wAS

324 Formula 19900 288 =3 3k
Z

Agst waAFe) & (m +my)ol ZRHUY dRe] o)A AL THA Y,

Lo

% <Al Formula 19900 & 2-¥]
o] #ET A vEhd AR E
[e)

f2 25 Adv &S 1A &
%

b

Fl° A

i

o] Mu] AL 1#3 F AFA Formula 19999} 2003 2HE T3 ZtRTH
A eSS 1T 4 9oy, Fol B & Aols HolA gsith

1) &) Aol vle Y A0l gt Aol V& wlas &

rlo

2 7PACHYim, 1989).
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HEl Formula 1990
7722 Formula 1999
= Formula 2003
Yg Y-(m' + my)
0.5 < F1 > < F2 > < F3 > < F4 >
04 ° M7 7 7 7
A rd 7 (e
0.3 . g T — ? . 7 ‘
S NN IIEEEE IR
0.1 7 | 7| | q 1] i 7 7 7 a |
0 B dq | A | 7l | 4 C ‘ .
< F1 > < F2 = < F3 > < F4 > -0.3
Nj N,
0.2 < F1 > < F2 > < F3 > < F4 >
0 . :
0.15 o ; o Yl é 5 7| A é Z
o1 BT a1 7 an qt 1| q | ]|
‘B g | ‘A ‘B 004 R 7| 7| g L
0.05 ; ; q 1 ? : a1 : 4L d L “
‘o d | B 7l -0.06
0
< F1 > < F2 > < F3 > < F4 > -0.08

Fig. 3.1(a) Comparison of values of linear derivatives

olefe] Fig. 3.1(b)= Formula 1990, 1999, 2003 Z}Zte2HE =&3 iy o
Aol B9 A& mAT #e Ul I Zoln. mirix g Azbe] =
o Yehd Azxe 29 A& "As @S deli, tESS g o
F1 ~ F4& yedt

Y. 7ke FAS #9138 F1 ~ F3& Formula 19900 2 5-B] =& zho] %o 3t

< YER ey, Formula 1999¢} 200325 E &3 32
%_

=] =
Ar gae nHRA Yo APAT 1 APNoBNE £2F gol
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W o2 AMu) A4S 183 Formula 20030 23E o e A b= A

Fe Uetlidt. ol= 4 GholA &AT 5 dxel W& HA A G U ¥
g ol 4

Formula 1990, 1999, 2003 Z}7t o 2HE =&% 3k 25 FARE A& UER
At

HEl Formula 1990
Formula 1999
Formula 2003

=
=
<
3

2 0.01

0.005
1 |

1.5

E EH 0T o =T
] A r 7 7 | -0.005 : :
05 ' : g 41 y :
- 7Y I 7 “I8 -0.01 g |
0 -0.015
< F1 > < F2 > < F3 > < F4 > <Fl> <R > <F> <F>
r
Yirr Yepr
< F1 = < F2 > < F3 > < F4 >
= 0 l " "
A TR | TR Iy
06 [ P 7 z 7| ' : :
Y / : aq | 2 :
03 7 ' : 7
0 4 4 3 4 1 <3
< F1 > < F2 > < F3 > < F4 > -4

ozl 9] Fig. 3.1(c)= Formula 1990, 1999, 2003 Z}Zto. 2 RE Z=E3F tii o
Ao BHE ¥ mAS Fe U e Zolth mtAE 747
oAA Jehd AZEES HHE 42 nAS e YL, 25 B
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] Formula 19903} 41w

A
a

kil
=

A e A

o

e,

=
=

1 F1 ~ F4

A
p

=
o oM
CalTY D OO A "
iy w w m ¥ Eexsswween 5
i Vo — v —
© © @
X o 53535
o EEE - .
N 1_. O O O 0 [EsssEEeTIT o
N o LC LC LC "
< A
o~ <
N N A .
Vi El N EssxwsEsy el
iy e v — -
4 =
_..E ,AH .M o o B
‘_ﬁ . u.rl L AR AL ] A M H [Fafyr
g ¢ f— R
S Y —— |
% T O — o ™M <
N S 23 3o o PR <
o oM
-,
S N
= = A il
< R AR 3 p—
E 3 [ ¥ p—
L)
£ =
e R A s
) fas s o A
—_ «
< ,Nr r—— L j—
oo
N - e A o
M (SSKN o =
(T
- HA_I [V ——
N
o
‘ﬂu_! Or._._ —— A =
.o of = e, Y = | —
EER
® o m- B¢ : 5 & s

P
T

sk vl

S

ol 28

A

Kl
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Table 3.3(a), Fig. 3.3(a)¢} #t}.

+35° turno| Al Advance®] Z-¢, A A FolAe] A<l 2.56Le) Ml st
B Formula 199002 =3 A3+ 3.84LS Ve WA 1.28L9+E o=l
37, Formula 19999} Formula 2003¢] A= Z+zF 0.56LS YERWHEA 2.0L9HE
Z42F AT =3, Transfere] -, A4 AlgolAe] Al 1.76L vl n st
B Formula 199002 %3 A= 26702 YelAA 0.91L3HE =
1, Formula 1999¢} Formula 2003¢] ZA3= Zz+zb 0.38L3% 0.37LS e H A
1.38L3%} 1.39L9+E =4%Hdd. viAZ o2 Tac. Dia.o] A%, 24 Aldo|Ag]
A2l 3.84Lel wWlmsle] B, Formula 199002 =<3+ A3+ 5.20L& e
WHAA 1.36L9HE o=, Formula 19999} Formula 20039 ZAxe= zhzt
0.82LS YEeERHEA 3.02L7HE Z4FH AT

-35° turnoll Al Advance?] -, A AlgolA el Al 2.72Le0 ¥lwdte] K
M, Formula 199002 =Z3%+ ZA3= 3.74L& YEeRHA 1.02LTHE =
, Formula 1999¢} Formula 2003¢] A3a= 2+7 0.56L-& YER@HE Al 2.16L%F
AF AT =3, Transfere] -9, A Al geoAe] A<l 1.89Le vln3}
M, Formula 19900.2 =&3% A= 258L= Uel WAl 0.69L9HE &4
3, Formula 1999¢} Formula 2003¢] ZA¥= 247 0.40L3 0.42L-S ERY
AA 149L3 147098 SA4HAT v e 2 Tac. dia.o A5, A4 Al
Aol A3l 4.14Lo) Bl sle] B, Formula 199002 %=Z3F Ay 5.06LS
UehE A 0929 o= 9la, Formula 19999+ Formula 20039 ZAzbe= 2zt
7 0.82LS YERHEA 3.32L7HE =2FQth

=
B
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Table 3.3(a) Value of turning-trajectories of F1

1 Measured Simulated Simulated Simulated
(sea trial test) (formula 1990) (formula 1999) (formula 2003)
Advance (m) 160(2.56L)  240(3.84L) 35(0.56L) 35(0.56L)
+35° turn  Transfer (m) 110(1.76L)  167(2.67L)  24(0.38L) 23(0.37L)
Tac. Dia. (m) 240(3.84L)  325(5.20L) 51(0.82L) 51(0.82L)
Advance (m) 170(2.72L)  234(3.74L) 35(0.56L) 35(0.56L)
-35° turn  Transfer (m) 118(1.89L)  161(2.58L)  25(0.40L) 26(0.42L)
Tac. Dia. (m) 259(4.14L)  316(5.06L) 51(0.82L) 51(0.82L)
5
< " O F1 measured [sea trial test]
§ 5 =-35° " °_=_ :I-?i -~ Simulated [formula1990]
_%] R e = = -~ T < — Simulated [formula1999]
< 3 \ @ Simulated [formula2003]
/ o \ ’ Y
,// o o o} [o) A \ ; ’ : o o 0%g < \\‘
B (o) o é\ (o) o fo) \
: o o b ‘\ :I : fo) :
\ (o] o I‘ O‘,O i o o |
Y o b J (o] 7
No© q he T o /
“ 9 of L O o K
6 5 ~:o 3 2 fey-1 . 1\:O 2 3 oU 4, ’ s 6
= 9_6—6'00 ; %'G.D._g—-’ I
’ Transfer/L

Fig. 3.3(a) Comparison of turning-trajectories of F1
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/;‘__]

2

Al

ZE!

rr oo

_40_

Collection @ kmou



M A, +35° turnol A Advanceo] 7§, AX AP Aol A}l 281Lo Hln
sted B, Formula 199022 =&3 A3+ 3.70L< YERNHA] 0.89L7HE &
= Qa2, Formula 19999} Formula 20039 A3t z+zb 0.48L3 0.46LS e}
YA 23303 2.35L9HE F24F A0 =38, Transfere] 7%, A4 Alg A9
A3l 1.93Le vlwste] B, Formula 199002 =%3F ZA3+= 2.48LS UE}
WA 0.55L9+E S Ela, Formula 19999+ Formula 20032 ZAxt= z4zt
0.31L3} 0.26LS YeR®HEA 1.62L3 1.67L9HE F4FHAJY. mlA=goZ Tac.
Dia.o] 7%, A4 AgelAel A=}l 356L0] ®Wlwste] ¥, Formula 19902
2 &% A3+= 464 YERHEA 1.08LYHE EulE 13, Formula 19992}
Formula 2003¢] Z3}= Z+zb 0.61LS YeER A 29507 =450

-35° turnol Al Advance®] Z-¢-, A4 AFolAel A<l 2.84Le) HlwslA
B Formula 199002 =3 ZAx+E= 3.61LS e HA 0.7709+2 o=l
31, Formula 1999¢} 20039 ZA3= 2447 0.46L2S YEeERJHA 2.38LTHE 4 F
Ak T3, Transfero] 7-%-, A AlgoAe]l Al 2.03Lo] Hlnste] B
Formula 199002 %3 A3l= 246LS YeERJ WA 04309 S5 Q)
Formula 1999¢} Formula 2003¢] A3+ 742 0.31L& YERNHA 1.72LWHE =
2F AT Ao 2 Tac. dia.o] A5, A AI@dAe A<l 3710 H]
ste] BW, Formula 199002 =&3% A= 4.55L& JERHRA 0.84LRHE 2
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Table 3.3(b) Value of turning-trajectories of F2

Measured Simulated Simulated Simulated
(sea trial test) (formula 1990) (formula 1999) (formula 2003)

F2

Advance (m)  170(2.81L)  224(3.70L)  29(0.48L) 28(0.46L)
+35° turn  Transfer (m)  117(1.93L)  150(2.48L)  19(0.31L) 16(0.26L)
Tac. Dia. (m) 216(3.56L)  281(4.64L)  37(0.61L) 37(0.61L)
Advance (m) 172(2.84L)  219(3.61L)  28(0.46L) 28(0.46L)
-35° turn  Transfer (m)  123(2.03L)  149(2.46L)  19(0.31L) 19(0.31L)
Tac. Dia. (m) 225(3.71L)  276(4.55L)  37(0.61L) 37(0.61L)
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r O F2 measured [sea trial test]
SN
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Fig. 3.3(b) Comparison of turning-trajectories of F2
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= =45 w3 Transfere] 7A-$, A Ao A9 Al 1.70Lo ¥}
o] B, Formula 199002 =&3% A3+ 3.09L2 YeliHA 1.39L59HF &)
3, Formula 1999¢} Formula 2003¢] ZA¥= 247 0.26L3 0.23L-S ERY
WA 14413 14709 F 4 H A A9 o 2 Tac. Dia.o] 4%, AX Ao
Aol Aol 4.25L0] ¥lwsle] ®E, Formula 199008 =23 A3+ 6.03LS
UEHE A 1.78LHE &)= 13, Formula 1999¢ Formula 20039 A+ Z+
Zy 0.54L3} 0.52LS YeERE A 3.71L3 3.73LHE F4H AT

-35° turno A Advanced] 79, AA AldoAe] A<l 2.79Lo H]nl st
EW, Formula 199002 =&3F A3}+= 4.15LS YeEYHAEA] 1.36L5HE o= Sl
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37, Formula 1999¢} Formula 2003¢] ZA3}+= 2+t 0.36L& YERHHAA] 2.43L%F
=2 =45k =3 Transfere 7%, ol o] Axel 1.82Lol wln 3}
o] B, Formula 199002 =&3% A3+ 3.05L2 YeHA 1.23L9HF &)
3, Formula 1999¢} Formula 2003¢] ZA¥= 247 0.25L3 0.26L-S ERY
WA 15703 1.56L9HE 4T vpx9t o & Tac. dia.o] H-%, A AJgo
Aol A3l 3.99Lel wlmsle] B, Formula 199002 =%3F A3+ 5.79L&
Uehf A 1L80LTHE Fois)%l1, Formula 19999} Formula 2003¢] Azt zt
34

7+ 0.52L<= YeEbEA 347LRHE 25U

AN AlE

Table 3.3(c) Value of turning-trajectories of F3

3 Measured Simulated Simulated Simulated
(sea trial test) (formula 1990) (formula 1999) (formula 2003)
Advance (m) 199(2.74L)  309(4.26L)  26(0.36L) 26(0.36L)
+35° turn  Transfer (m)  123(1.70L)  224(3.09L)  19(0.26L) 17(0.23L)
Tac. Dia. (m) 308(4.25L)  437(6.03L)  39(0.54L) 38(0.52L)
Advance (m) 202(2.79L)  301(4.15L)  26(0.36L) 26(0.36L)
-35° turn  Transfer (m)  132(1.82L) 221(3.05L)  18(0.25L) 19(0.26L)
Tac. Dia. (m) 289(3.99L)  420(5.79L)  38(0.52L) 38(0.52L)
- a4 -
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O F3 measured [sea trial test]
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S §=g5" | || | | oETe -~ Simulated [formula1990]

[v) G BT P ~i 4 -7 T

g -7 ~< e ~. — Simulated [formula1999]

> ’ SN - \

'g AN @ Simulated [formula2003]
A

\

Fig. 3.3(c) Comparison of turning-trajectories of F3
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F F4HAT. =3, Transfero] -9, A4 A@AAe A< 1.70Le Blw st
o] R, Formula 199002 =&3% A3+ 3.09L-2 YelHA 1.39L59HF &)
=3, Formula 19999} Formula 20039 A3+ Z+ZF 0.26L3% 0.23LS e
AA 14413 147U S4EAT AT o2 Tac. Dia.d A9, A4 Al
Ao Axpel 4.25L9) ¥ladte] B, Formula 199002 =&3F A3t 6.03LS
et E A 1L78LTE S = $l3, Formula 19999} Formula 20039 ZA3+= 7+
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-35° turnoll 4] Advance® 7%, AX A|doAe Al 2.79Lol W w3}
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F F4HAT. =3, Transfere] A9, A4 A@AAe] A< 1.82Le Blw st
of B9, Formula 199022 =& A3 3.05L& Yeh WA 1.23LEHE &0
3, Formula 1999¢} Formula 20039 ZA¥= 247 0.25L3 0.26L-S ERY
A4 1L57L# 1.56L%FE S4HATH wpA 2o 2 Tac. dia.o] 749,
Aol Ax}el 3.99Le] Wlwsle] W, Formula 199008 =23 Ads 5.79LS
UehiE A 1.80LeHE o= 9la, Formula 19999+ Formula 20039 ZAzb= 2zt
ZF 0.52L-& YEHHEA 347L0F 4 F Ao

A A

Table 3.3(d) Value of turning-trajectories of F4

F4

Measured

Simulated

Simulated

Simulated

(sea trial test) (formula 1990) (formula 1999) (formula 2003)

Advance (m) 189(2.22L)  290(3.41L)  44(0.52L)  45(0.53L)
+35° turn  Transfer (m)  120(1.41L)  201(2.36L)  32(0.38L) 32(0.38L)
Tac. Dia. (m) 198(2.33L)  390(4.59L)  71(0.84L) 73(0.86L)
Advance (m) 202(2.38L)  281(3.31L)  44(0.52L)  45(0.53L)
-35° turn  Transfer (m)  110(1.29L)  204(2.40L)  34(0.40L) 35(0.41L)
Tac. Dia. (m) 189(2.22L)  396(4.66L)  71(0.84L) 73(0.86L)
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Table 3.4 Quantitative comparison of turning-trajectories

Measured Simulated Simulated Simulated

Model fishing vessel )
(sea trial test) (formula 1990) (formula 1999) (formula 2003)

Advance 1 1.43(+43%)  0.18(-82%)  0.18(-82%)
Transfer 1 1.55(+55%)  0.20(-80%)  0.20(-80%)
Tac. Dia. 1 1.50(+50%)  0.22(-78%)  0.22(-78%)
Average 1 1.49(+49%)  0.20(-80%)  0.20(-80%)

Formula 199002 HE F3H A3]5 AlEHlH 495 A4 Ad9 2
Fof miwstel B, A A8 HHe] Z7]= B 14991(+49%) FoiE o]
Efstom, 53] Transfer7} 1.5581(+55%)& 74 =3kal, Advance”} 1.434)
(+43%)Z 717 <koh WhA, Formula 19999} 200302 BE 83t X35 Al
ol Ades A AFE v, AA A3 AF HE 0.2001(-80%) = F4E
o] Yyelro, £3 Advance”} 0.1881(-82%)% 7} =<kal, Tac. Dia.”7} 0.22
Hi(-0.78%)= 71 EFdTh Sl de AHun FAES 183 P2 Formula
19999} Formula 20030.23HE =&% wAS: 3t Yy, Vi, 5 A2 2 3ol
E BHASAE B8, A3 AFY A7l A YXAsHAT

ole} e ARE FIA An FA4S 1EstA &> F P4 Formula 1990°
25E F3% A3e&s AEHolAY AUt AHr A4S 1HIT AP
Formula 19999} Formula 20039] ZA¥Rch Atfzlog A Aldeol ZAxel A
FHo =z FAD BRE ofygl, APH e E FARSTAL ddd 5 o

Iy Formula 19908 A AA AAH Ao Aietes tha xo]E Holal
A= FAAL, EE oM AFol A &3] dslisdes EE oo HF &

A AT 5 YT BAo] Hasth
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o] Agolt.
Table 4.1 Dimension of ships
Type of ship Scale L, (m) B(m) d,(m) G,
F1(Stern trawler) 1/20.833 3.0 0.576  0.2112  0.607
F2(Stern trawler)  1/20.2 3.0 0.6089 0.2228 0.616
Fishing vessel F3(Stern trawler) 1/24.167 3.0 0.5462 0.2069 0.574
F4(Stern trawler) 1/28.333 3.0 0.5294 0.1835 0.5872
F5(Stern trawler) 1/28.333 3.0 0.5435 0.1871 0.5923
A(VLCC) 2% 0.436  0.157  0.802
B(VLCC) 2.5 0.408  0.170  0.831
C(ULCCO) 2.5 0.466  0.156  0.835
D(ULCC) 2.8 0.555  0.183  0.821
E(ULCC) 2.5 0.500  0.183  0.820
F(Cargo) gD 0.408 0.171  0.773
Merchant ship G(Cargo) o 0.419  0.140  0.698
H(Cargo) 2.5 0.376  0.158  0.651
I(Container) 3.0 0.435 0.1629 0.5717
J(Container) 2.5 0.386  0.130  0.566
K(RO/RO) 2.5 0.367  0.102  0.557
L(Car carrier) 2.5 0.482 0.134  0.522
M(LNG) 2.5 0.409  0.100 0.714
o714, Formula 1990 =Z3}7] 93 EFAF o] &HAULD o Al
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Container ship 2%, Cargo ship 3%, LNG 1%, VLCC 2%, ULCC 3%, Car
carrier 1%, RO/RO 1#& x3+3le] £ 132 o], tjatolA 52 wF Aw]2

EE ofH(5a Wet dgaew TAsA

42 4B S AT 8

=
M, 53],
, L/B, B/d 59 AFEL 0SS = A
of 23EHAE APH fFA
A Hs A=7E o, TFEHA GuW AP 54 7 Ao tih
243;2}% Az 4 ok oo Fig. 4.18 A7) Table 4

< tdem APA IAAEA HAZd oA JHE tiEAQd HF EA A

X

C, ol M3 L/B & 43ANA =A% Aol

0.9
Cb O Fishing vessel

0.8 @ Container ship
/\ Cargo ship

07 O NG

06 Fishing vessel \Q N\ [ vice
W uLcc

0.5 s 8 Car carrier
A Rro/RO

04 L/B

2.0 30 40 50 6.0 7.0 8.0

Fig. 4.1 Values of C, according to L/B
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Table 4.2 Comparison of hull shape parameters

Parameters of the hull shape characteristic

Type of ship
Gy k L/B B/d d/C GCB/L dG/B 1-C, 1-G(/B) B(1-G)/L d(1-G)/B
F1(Stern trawler) 0.607  0.1408 5.21 2.73 0.3479 0.1165  0.2226  0.3930 2.0469 0.0755 0.1441
Fishing F2(Stern trawler) 0.616  0.1485 4.93 2.73 0.3617 0.1250 0.2254  0.3840 1.8919 0.0779 0.1405
vessel F3(Stern trawler) 0.574  0.1379 549 264 0.3605 0.1045 0.2174  0.4260 2.3398 0.0776 0.1614
F4(Stern trawler) 0.5872 0.1223 5.67 2.89 0.3125 0.1036  0.2035 0.4128 2.3393 0.0728 0.1431
F5(Stern trawler) 0.5923 0.1247 552 29 0.3159 0.1073  0.2039  0.4077 2.2504 0.0739 0.1404
A(VLCO) 0.802 0.1256 5.73 2.78 0.1958 0.1399  0.2888  0.1980 1.1353 0.0345 0.0713
B(VLCCO) 0.831 0.1360 6.13 24 02046 0.1356 0.3463  0.1690 1.0355 0.0276 0.0704
C(ULCC) 0.835 0.1248 536 299 0.1868 0.1556  0.2795  0.1650 0.8852 0.0308 0.0552
D(ULCC) 0.821 0.1464 45 3.03 0.2229 0.1823  0.2707  0.1790 0.8063 0.0397 0.0590
E(ULCC) 0.820 0.1464 5.0 273 0.2232 0.1640 0.3001  0.1800 0.9000 0.0360 0.0659
Merchant F(Cargo) 0773 01368 6.13 239 02212 0.1262 0.3240 0.2270 1.3909 0.0370 0.0951
ship G(Cargo) 0.698 0.1120 5.97 299 0.2006 0.1170 0.2332  0.3020 1.8019 0.0506 0.1009
H(Cargo) 0.651 0.1264 6.65 2.38 0.2427 0.0979 0.2736  0.3490 2.3205 0.0525 0.1467
I(Container) 05717 0.1086 6.9 2.67 0.2849 0.0829  0.2141  0.4283 2.9538 0.0621 0.1604
J(Container) 0.566 0.1040 6.48 297 0.2297 0.0874  0.1906  0.4340 2.8109 0.0670 0.1462
K(RO/RO) 0.557 0.0816 6.81 3.6 0.1831 0.0818 0.1548  0.4430 3.0177 0.0650 0.1231
L(Car carrier) 0522 01072 519 3.6 02567 0.1006 0.1451 0.4780 2.4793 0.0922 0.1329
M(LNG) 0.714 0.0800 6.11 4.09 0.1401 0.1168 0.1746  0.2860 1.7482 0.0468 0.0699
- 53 -
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Table 4.3(a) Comparison of linear derivatives

Linear hydrodynamic derivatives

Type of ship , . , , , )
Y, Y,—(m+m,) N, N,

F1(Stern trawler) 0.3842 -0.1748 0.1408  -0.0562

Fishing F2(Stern trawler) 0.4082 -0.1875 0.1485 -0.0581
vessel F3(Stern trawler) 0.3629 -0.1568 0.1379  -0.0555
F4(Stern trawler) 0.3371 -0.1554 0.1223  -0.0511

F5(Stern trawler) 0.3461 -0.1610 0.1247  -0.0518

A(VLCCQC) 0.3930 -0.2098 0.1256  -0.0520

B(VLCC) 0.4034 -0.2034 0.1360  -0.0549

C(ULCCQ) 0.4138 -0.2335 0.1248 -0.0518

D(ULCC) 0.4850 -0.2734 0.1464  -0.0576

E(ULCC) 0.4594 -0.2460 0.1464  -0.0576

F(Cargo) 0.3914 -0.1892 0.1368  -0.0552

Merchant

ship G(Cargo) 0.3396 -0.1755 0.1120  -0.0479
H(Cargo) 0.3355 -0.1469 0.1264  -0.0523
I(Container) 0.2866 -0.1243 0.1086  -0.0469
J(Container) 0.2856 -0.1311 0.1040  -0.0453
K(RO/RO) 0.2426 -0.1227 0.0816  -0.0374

L(Car carrier) 0.3092 -0.1510 0.1072  -0.0464

M(LNG) 0.2891 -0.1752 0.0800  -0.0368

slelel Fig. 43@elA o4 olddel A& wAFE e Y —(m +m))7
Cargo, LNGS} W@ A%e Uehe AL Astns, v, N, N
Ho® VLCC, ULCC, Cargost AF®  Aee  uebdoh  ol7]A,

Y, —(m +m,)E 3280 A&dt upel o] wmd Fe e HAE Y,
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Fig. 4.3(a) Comparison of linear derivatives
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Table 4.3(b) Comparison of non-linear(lateral force) derivatives

Nonlinear derivatives

Type of ship (Lateral force)

Yiss Y, Yiorr Y

rr

F1(Stern trawler) 0.8603 0.0063 0.8574  -0.3162
F2(Stern trawler) 0.8513 0.0073 0.8360  -0.3119

Fishing
vessel F3(Stern trawler) 0.9034 0.0046 0.9601 -0.3239
F4(Stern trawler) 0.8577 -0.0002 0.8514 -0.3447
F5(Stern trawler) 0.8509 -0.0001 0.8351 -0.3442
A(VLCC) 0.6782 0.0291 0.4242 -0.2168
B(VLCC) 0.6760 0.0488 0.4190 -0.1306
C(ULCC) 0.6381 0.0259 0.3287 -0.2307
D(ULCC) 0.6476 0.0229 0.3512 -0.2439
E(ULCC) 0.6647 0.0329 0.3920 -0.1998
F(Cargo) 0.7378 0.0411 0.5661 -0.1640

Merchant
ship G(Cargo) 0.7523 0.0100 0.6004 -0.3002
H(Cargo) 0.8666 0.0238 0.8726 -0.2397
I(Container) 0.9010 0.0034 0.9543 -0.3289
J(Container) 0.8654 -0.0046  0.8697 -0.3641
K(RO/RO) 0.8078 -0.0169  0.7326 -0.4178
L(Car carrier) 0.8322 -0.0202 0.7907 -0.4323
M(LNG) 0.6748 -0.0101  0.4161 -0.3881

otz el Fig. 4.3M)llA i ool A vAs @2 Aoz AAE
Asle AlY¥e] Bl&o] H$=3%F VLCC, ULCC, Cargoe} A ZAeS el A
He= gy 3y AR A g Fig. 4.2(@)¢F Zo] AAe =S Yehy
= Al G 7F HIse? Containerot AR Z&S el de< A8

_60_

Collection @ kmou



1 Fishing vessel
Hl Merchant ship

r I
120 008
080 004
040 0.00
0.00 -0.04 *
FIRPEBFMEEABCDE FGHI1 J KLM FIRFBFAFSABCDEFGHI JKLM
4 I
YBW' YEB"
1.20 FEigF2 F3F4AFS ABCDEFGHI JKLM
0.00
0.80
-0.20
040
-0.40
0.00

FIFPFAFAFS A B CD=E FsG H | J KK L M -0.60

Fig. 4.3(b) Comparison of non-linear(lateral force) derivatives

_6‘]_



Table 4.3(c) Comparison of non-linear(moment) derivatives

Nonlinear derivatives

Type of ship (Yaw moment)

Ngg Ny N

F1(Stern trawler) -0.0723 -0.0317  -0.0613 -0.2366
F2(Stern trawler) -0.0689 -0.0275 -0.0627  -0.1983

Fishing
vessel F3(Stern trawler) -0.0889 -0.0377 -0.0587 -0.3051
F4(Stern trawler) -0.0714 -0.0382 -0.0518 -0.3108
F5(Stern trawler) -0.0687 -0.0363 -0.0519 -0.2877
A(VLCC) -0.0024 -0.0201 -0.0944 -0.1513
B(VLCC) -0.0016 -0.0222 -0.1231 -0.1622
C(ULCC) 0.0130 -0.0122 -0.0898 -0.1291
D(ULCC) 0.0093 0.0011 -0.08%4 -0.1565
E(ULCC) 0.0028 -0.0080 -0.1001 -0.1289
F(Cargo) -0.0253 -0.0269 -0.1120 -0.1939

Merchant
ship G(Cargo) -0.0309 -0.0315 -0.0666 -0.2344
H(Cargo) -0.0748 -0.0410 -0.0868 -0.3497
I(Container) -0.0880 -0.0486 -0.0570 -0.4698
J(Container) -0.0743 -0.0463 -0.0453 -0.4311
K(RO/RO) -0.0522 -0.0491 -0.0274 -0.4799
L(Car carrier) -0.0616 -0.0397 -0.0226 -0.3306
M(LNG) -0.0011 -0.0316 -0.0373 -0.2353

ofzf o] Fig. 4.3(lA thAF ojxe] = < Fig. 4.3(a)
oA ZEAIGE A3y wAF gk AEely, Fig. 4.3 =A% g A8 v

A% ol dehlE A¥Ae e e 4Fe Yt & Nysk N, o
e Gyt w5 Containers} fAEAL, N, ¢k Ny, o g-e C,B/L7} v

Cargo, Car carrier, LNG&} AR AdS YE= 59 = B4 AF5H
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Table 4.3(d) Comparison of interaction coefficients

Interaction coefficients

Type of ship

I=tp ay Ty € S S

F1(Stern trawler) 0.7200 0.3357 -1.4264 0.9666 0.3808 0.7465

F2(Stern trawler) 0.7225 0.3534 -1.3936 0.9994 0.3355 0.7420

Fishing

vessel F3(Stern trawler) 0.7107 0.2742 -1.5333 0.8815 0.4396 0.7630
F4(Stern trawler) 0.7144 0.2982 -1.4931 0.8735 0.4437 0.7564

F5(Stern trawler) 0.7158 0.3077 -1.4767 0.9053 0.4265 0.7539
A(VLCC) 0.7746 0.8007 -0.3625 1.0028 0.2485 0.6490
B(VLCC) 0.7827 0.8847 -0.1411 1.0088 0.2744 0.6345
C(ULCC) 0.7838 0.8966 -0.1093 0.9308 0.1453 0.6325
D(ULCC) 0.7799 0.8553 -0.2193 0.6332 -0.0538 0.6395
E(ULCC) 0.7796 0.8524 -0.2270 0.8612 0.0862 0.6400

F(Cargo) 0.7664 0.7205 -0.5675 1.0021 0.3292 0.6635

Merchant

ship G(Cargo) 0.7454 0.5311 -1.0219 0.9689 0.3785 0.7010
H(Cargo) 0.7323 0.4255 -1.2510 0.8157 0.4691 0.7245
I(Container) 0.7101 0.2701 -1.5400 0.6151 0.5291 0.7642
J(Container) 0.7085 0.2601 -1.5560 0.6825 0.5122 0.7670
K(RO/RO) 0.7060 0.2445 -1.5801 0.5972 0.5332 0.7715

L(Car carrier) 0.6962 0.1874 -1.6588 0.8446 0.4572 0.7890

M(LNG) 0.7499 0.5694 -0.9342 0.9680 0.3794 0.6930

el -
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Table 5.1 Hydrodynamic derivatives of target fishing vessels

Formula 1990

Modified formula

F1 F2 F3 F4 F1 F2 F3 F4

Y, 0.3842 0.4082 0.3629 0.3371 0.3300 0.3261 0.3267 0.3341
Y,—(m +m,)  -01748  -01875  -0.1568  -0.1554  -0.2026  -0.2148  -0.1903  -0.1828
N, 0.1408 0.1485 0.1379 0.1223 0.1193 0.1199 0.1180 0.1147
N -0.0562  -0.0581  -0.0555  -0.0511  -0.0498  -0.0497  -0.0497  -0.0499
Yy 0.8603 0.8513 0.9034 0.8577 0.7582 0.7465 0.7700 0.7773
Y. 0.0063 0.0073 0.0046 -0.0002  -0.0037  -0.0056  -0.0053  -0.0016
Yy, 0.8574 0.8360 0.9601 0.8514 0.6147 0.5867 0.6429 0.6602
Yis 03162 -0.3119  -0.3239  -0.3447  -0.2449  -0.2236  -0.2527  -0.2956
Ny -0.0723  -0.0689  -0.0889  -0.0714  -0.0330  -0.0285  -0.0376  -0.0404
N, -0.0317  -0.0275  -0.0377  -0.0382  -0.0225  -0.0184  -0.0266  -0.0291
N, -0.0613  -0.0627  -0.0587  -0.0518  -0.0850  -0.0921  -0.0824  -0.0681
Ny, -0.2366  -0.1983  -0.3051  -0.3108  -0.3302  -0.3386  -0.3373  -0.3213
1—t, 0.7200 0.7225 0.7107 0.7144 0.7461 0.7496 0.7424 0.7402
ay 0.3357 0.3534 0.2742 0.2982 0.5655 0.5967 0.5341 0.5148
Ty 14264  -1.3936  -15333  -14931  -0.8835  -0.8108  -0.9568  -1.0017
€ 0.9666 0.9994 0.8815 0.8735 0.8373 0.8338 0.8343 0.8411
~ 0.3808 0.3355 0.4396 0.4437 0.2611 0.2158 0.3068 0.3348
1= wp, 0.7465 0.7420 0.7630 0.7564 0.7000 0.6936 0.7065 0.7104
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% A3+ 52008 YeERHEA 1.36LTHE SdiESly, B A A=
3.45LS YERNHEA 0.39L7HE F4F AT

-35° turnoll Al Advance®] 7%, A4 AlFolAe Azl 2.72Le| HlnldtA
B Formula 199002 =3 AxE 3.74LS YJeE WA 10209+ o=l
o, BA AP Ades 246LS UERHEA 0.26LRFE FAEHUAT =3,
Transfere] 724, AX AlgolAel A<l 1.89Le wlw3dted XE™, Formula
199002 =23 A¥= 258l YEh™EA 0.69L7HE SdiEa, B B3
2o Ayt 1.75LS YERNEA 0.14L%HE 45 Jh npxgt o2 Tac. dia.2
A, A ARdolA el Al 41410 ®luste] B, Formula 19900® =%
3 A3tes 5060 JEREA 0.92L7F SuiEda, BA AP Ages
3.41L& YehH A 0.73L9HF 45U
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Table 5.2(a) Value of turning-trajectories of F1

Fl Measured Original Modified
(sea trial test) formula formula
Advance (m) 160(2.56L) 240(3.84L) 156(2.50L)
+35° turn Transfer (m) 110(1.76L) 167(2.67L) 100(1.60L)
Tac. Dia. (m) 240(3.84L) 325(5.20L) 216(3.45L)
Advance (m) 170(2.72L) 234(3.74L) 154(2.46L)
-35° turn Transfer (m) 118(1.89L) 161(2.58L) 109(1.75L)
Tac. Dia. (m) 259(4.14L) 316(5.06L) 213(3.41L)
%l O F1 measured [sea trial test]
g -- Original formula
g — Modified formula
") 3
- ¢
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g ol F2ol diste] BFZF +35° , -35° & A3EASs A9 Ad Al
A9} BA AFA 9 Formula 199002 FHE £33 A EHo|He AFfEs o)
Zf 2] Table 5.2(b), Fig. 5.2(b)2} 2t}

+35° turno| Al Advance®] Z-¢-, A A FolAe] A<l 2.81Le) Hlw sl
B Formula 199002 =3 A3+ 3.70LS UJeEHEA 0.89L9+E o=l
3, B A@AY A= 225LS UERHE A 0.56LRHE S4AEHJT. EF
Transfere] 749, A4 AgoAe] A3l 1.93Le] vlwste] B, Formula
199002 &3 Ay 248LS YERRHEA 0.55L8HE o=, B8 AF
219] A= 1.50LS YERHEA 0.43L%HE 4 F At vpx2to 2 Tac. Dia.9]
A, A Aol el Al 3.56Lel Plaste] B, Formula 19900& =%
gt Ad= 464 YERNHEA LOSLRHE SdiEda, A AP ARe=
2.88L& YEMHA 0.68LTHF FHAH UL

-35° turnol A4l Advance®] 7, A4 AlFolAel Al 2.84L) v}
B Formula 199002 =3 ZAx+E 3.61LS e WA 0.7709+F o=l
3, B A@AY A 22205 JdEHHEA 0.62LRHE S4AFHIJT EF
Transfere] 7%, A4 AlgoA el A4l 2.03Lo] HIwste] R, Formula
199002 &3 A+ 246LS YERRHEA 0435S o=, 28 AF
219] A= 1481 YEREA 0.55L%HE SA4F A vpAEto 2 Tac. dia.2
35, A AdelAe] A3l 3.71Le) Wlwstel BH, Formula 199022 =&
g A= 4550 YEREA 0.84LRHE SiEA, BA AP A=
2.86L= YERJHA 0.85LYHE F4AE AT
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Table 5.2(b) Value of turning-trajectories of F2

Measured Original Modified
F2 .
(sea trial test) formula formula
Advance (m) 170(2.81L) 224(3.70L) 136(2.25L)
+35° turn Transfer (m) 117(1.93L) 150(2.48L) 91(1.50L)
Tac. Dia. (m) 216(3.56L) 281(4.64L) 175(2.88L)
Advance (m) 172(2.84L) 219(3.61L) 135(2.22L)
-35° turn Transfer (m) 123(2.03L) 149(2.46L) 90(1.48L)
Tac. Dia. (m) 225(3.71L) 276(4.55L) 173(2.86L)
5
< O F2 measured [sea trial test]
§ 5 =35% & =+35° —-—Original formula
%l il TR B ~—Modified formula
<
’ (o) 00 o o - /,’ o o o o o
'1’ o 0\\ I’/ O </
T o2l -
1 O OI Iy O
| o Noly/ 1 °
\‘ o 1’ 1 \ |‘ é)
Y o ,I \\9 o
‘\\ © o ’I} \ ‘o o ’
6 5 VNN e ! < 0% .77 6

Fig. 5.2(b) Comparison of turning-trajectories of F2
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A o} X F3 oA Ebzf +35° , -35° 2 A13|3A S A9 AA AY Az
9} A A2 2 Formula 199002 X E] 4313 A Ego)lHde] A= o} o
Table 5.2(c), Fig. 5.2(c)¢} %t}

+35° turnol| Al Advancee] -, A AFolAel Al 2.74Le) ¥l
B Formula 199002 23 ZAxE= 4.26LS e HA 1.52L9 S ¢l
3, B AP A= 268LS UERHHE A 0.06LRHE S4AFHJT. EF
Transfere] 749, A4 AgoAe] A3l 1.70Le] vlwste] B, Formula
199002 =23 A3+ 3.09Ls YehEA 139L9HE ddiEda, By B3
2ol A= 1670 YERHEA 0.03LTHE FAFE AT rlx|ete 2 Tac. Dia. 9
A, A Aol el Al 4.25L0 Blaste] B, Formula 19900& =%
gt A3= 6.03Ls YUERHEA L78LRHE SdiE Ay, BA AP ARe=
3.62L& YERHEA 0.63LTF FHAH UL

-35° turnol A4l Advance®] 7, AA AlFolAel Al 2.79Le) vl
B Formula 199002 23 ZAxE= 4.15LS e HA 1.36L9 SoiE ¢l
3, B A@AY A= 268LS UEHHHE A 0.1ILRHE S4FHJT E=F
Transfer®] 7%, A4 Al@olAe] Al 1.82Le) Hlwste X, Formula
199002 &3 A+ 3.05LS YERHEA 1.23L5HE o=, 238 AF
219] A= 1.66L-S YEREA 0.16LEHE SA4F A vpA o2 Tac. dia.2
A, A Aol el Al 3.99Le] ®lusted B, Formula 19900& =%
g A= 5790 YERHEA 180LTHE EuiE Sy, BAY AP A=
3.55L& UERNHE A 0.44L7HE =450
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Table 5.2(c) Value of turning-trajectories of F3

Measured Original Modified
F3 .
(sea trial test) formula formula
Advance (m) 199(2.74L) 309(4.26L) 194(2.68L)
+35° turn Transfer (m) 123(1.70L) 224(3.09L) 121(1.67L)
Tac. Dia. (m) 308(4.25L) 437(6.03L) 263(3.62L)
Advance (m) 202(2.79L) 301(4.15L) 194(2.68L)
-35° turn Transfer (m) 132(1.82L) 221(3.05L) 120(1.66L)
Tac. Dia. (m) 289(3.99L) 420(5.79L) 257(3.55L)
— 5= -35° 5=+35° O F3 measured [sea trial test]
E ‘______:\~ | - " ~<. —= Original formula
g = \\‘\ Py \\\\ — Modified formula
<

Fig. 5.2(c) Comparison of turning-trajectories of F3
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g ol F4oll diste] BFzF +35° , -35° & A3Ee A9 Ad Al
A9} BA AFA 9 Formula 199002 FHE £33 A EHo|He AFfEs o)
#l 2] Table 5.2(d), Fig. 5.2} 2t

+35° turnoll 4] Advance®] 74§, AXA AlFoAe] AxQl 2.22L0] M3}t
EW, Formula 199002 =&3F A3}+= 341LS YeEEA L19LTHE =Sl
3, B A@AY A= 235LS dERE A 0.13LRHE S4AFEJT. EF
Transfer®] A%, A AjgolAxe] Al 141Le nvlnste] X, Formula
19900.2 &3 Zy= 2.36LS UeMHA 0.95L5HE Sy, A Ad
219] A= 1.60LS YeEREA GA 0.19L5HE FOiE] AT upx2to 2 Tac.
Dia.o] 7%, A4 A&l Az}l 2.33L0 ®lwsle] X, Formula 19902
2 &% A3 = 459LS YERHEA 22005 SOEQa, 1A A A
= 393 YEMHEA 1.60LTHE FHAE AT

-35° turnoll 4] Advance®] 7%, A Al @oAe]l A4l 2.38Le vluste] E
™, Formula 199002 =E3%F 23 = 3.31LS Ye WA 0.93L5HE o=
3, B A@AY A= 22905 dERE A 0.09LRHE S4AFHJT E=F
Transfer®] 7%, A4 Al@olAe] A4l 1.29Le] Hlwste X, Formula
199002 &% A+ 2400 YEREA LIILEHE o=y, 238 A3
2le] A3l 1.65LS YEMEA A 0.36LTHE SoiE ATk npx]ato 2 Tac.
dia.o] ¢, 24 AgolAe] Al 2.22L00 vl ste] X, Formula 199002
S=3% A3+ 4.66LS YERHEA 244L9HE EOiEA T, v E RA A
Aol A7 =g 2.80L-s YERHHEA 0.58LTHE S E A0S FlstAh
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Table 5.2(d) Value of turning-trajectories of F4

Measured Original Modified
F4 .
(sea trial test) formula formula
Advance (m) 189(2.22L) 290(3.41L) 200(2.35L)
+35° turn Transfer (m) 120(1.41L) 201(2.36L) 136(1.60L)
Tac. Dia. (m) 198(2.33L) 390(4.59L) 249(3.93L)
Advance (m) 202(2.38L) 281(3.31L) 195(2.29L)
-35° turn Transfer (m) 110(1.29L) 204(2.40L) 140(1.65L)
Tac. Dia. (m) 189(2.22L) 396(4.66L) 238(2.80L)
4
i &= _35" &= +35° O F4 measured [sea trial test]
§ PR Sl N Lol [ S -= Original formula
E ,,/ \\\ | Re “\‘—Modiﬂedformula
< K O Py - ca. \‘\
? o S | 0 X
/ o o\b%| Yo ° )
! o ot \0| o o 1
' fo) o 1 \. [e] o ,I
|| o 000 lo) \ oO I/
\\\ N Ooo0 9 /I
6 5 \s{\ 3 2 4 —1 3 T4 5 6
------ = Transfer/L

Fig. 5.2(d) Comparison of turning-trajectories of F4

522 7% A3} £4
3.3d 3 22 W

WMo g2 Al oAl st A 423 Formula 19900 &
e 5 A SF
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ofzfj 2] Table 5.33 o] UeHATE 7|4, Table 532 & o4 43¢ H
Tibe UEbd Ao, Ad Alge AdE JE & ‘17 = AAsAT

Table 5.3 Quantitative comparison of turning-trajectories

Model fishing vessel (selzleterlis;lret(elst) g)rririillll?; I\f/'lo(;?lilillead
Advance 1 1.43(+43%) 0.93(-7%)
Transfer 1 1.55(+55%) 0.96(-4%)
Tac. Dia. 1 1.50(+50%) 0.95(-5%)
Average 1 1.49(+49%) 0.94(-6%)

A AAde A AE AR Husgs W, dA A3 AFY Hd A7
0.9481(-6%)=Z 4% o] YeEwtorw, E3] Advance”} 0.9381(-7%)= 71 &
3, Transfer7} 0.96W(-4%)Z2 717 w3t} o] Formula 19902 H-E <3}
Ao A TAStE aF M9 49%ET EE oA AP 2FAHsEs FEF
RNAA 43% B AE & FAHo] Jtedttte A ov|gn o]¢t e A
FE BARE APl EE oA 2FAHTE FAT oA O AE =
o

Z7o] 71e Ao Brtaign

Sk, Table. 5.39|4 formula 199025 H =

A7 AA AlY Aot vlaste] SoiE v, B APHOoRRE &
Wt A3 A Al A AR AR S4HIY ®

2@ ~ DA FAT = Ax, BAH A4 A3 YoM = IdrerE A
2= F1 ~ F39] A3 A4S A4 Al A

e 1o

e

o

st 9l Hlste] AA e Bk,
E{ELE FAS L dve F49] Aee A4 Al A vste A e
ole3 Aies APHE FTME Ax e FAo] JE WA AFE FHs
= FAoA BAst= Aoz AdHY, v 5344 A Aol wet 2
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Fig. 5.3 Turning characteristics depending on the variation of ~ of F3
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Fig. 5.4 Values of G,B/L according to A,/Ld
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