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A method for quantifying the adaptability of ship maneuver scenarios for data—driven modeling of ship dynamics is developed

based on the principal component analysis, A random maneuver scenario is suggested as a reference for ship dynamics, which

can obtain the converged principal components of ship dynamics features by the Monte Carlo simulation, Principal components

of conventional maneuver scenarios defined by the International Maritime Organization (IMO) are compared to that of the random

maneuver, A conventional ship dynamics model for a container carrier vessel for four degrees of freedom dynamics is

ntroduced to simulate the random and IMO maneuver scenarios, It is confirmed that the IMO tests follow the tendency of random

maneuver scenario in terms of execution time and adaptability.

Keywords : Ship maneuverability(Al2h ZEM)  Free—running model test(XFREIZE 2SAIS). Principal component analysis(Z=NE £A4)
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Table 1 Principal particulars of KCS ship and model

Description Symbol| Unit | Ship | Model
Length bgtween I m 230 | 3.494
perpendiculars

Draft d m 10.8 | 0.164
Block coefficient Cp - 0.651
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waterline
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force of hull
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Radius of lgyrahon k.. m 575 | 0.873
(z—dir.) zz
Propeller diameter Dp m 7.9 0.12
Longitudinal position of
the propeller from Tp m |-110.9| —-1.69
midship
Vertical potion of the Zp m | =67 |-0.102
propeller from waterline

axis theorem)7t HE=QICt m,, m,, J,,, J,, = 2 &2
HyRiEm BY1aMaHIER Okuda et al. (2023)2] H7E w2}
¢ s MBSt o, = F/REECZ 2Ist glo| JRiXl=2
aksk Q|x|2, Yasukawa et al. (2019)0lIME E(d)2l 28.5%

r

>
ro

%_
i_l_HU

un o

= ARZst M8 KRISO Container Ship(KCS)olct,
SiiE Mol =& Ms 2 O_?— DEHA|ED} MARSH S o
Mg ZElot ClS g o= o|F|Xch

Okuda et al. (2023)2] ? —‘MIH: KCS MEo| AR E ==&

51 0|2 Clekst Mao| AFSslE DEAlED)

H|wsto AEst vt RU0f, 2 dF0M = 0] 25 EHE ARE

sICt 28 2Ho| LMol Cieh AfM|EH 82 2= =5 =

2024)0llAM =felgt 2= QJct Table
b

et al. 2
2 2%, Fig. 2& Y Heie

o I'

—

12 CHAF MEke] | EAolct

=T 2= D2 MA, FX7|, SEER| 7S L0 A
(3)nt Zo| TFM=ICt oM ofi®RIe| H, P, R2 22t &
of JHEOM MA|, FR7|, detet MES on|aict
Y=Y,+ Y,
K=K, +K,

—— Y2y —mgGMo+ Ko+ K, 6| 8|+ I
N=Ny+ Ny

=& 232 siA 2FYolM kg 2 MA R 2HE

A
Xy, Yy, Ny= FARIEE 228 £5(0,, = v,/ 02t
MpER ZES(r = rL/U), ¢Ol thst

slEl gAZn 2HE X7, V', N 4ol Xl &HE5)0d
Tt oPIM Ry= AT B A XE, Us x, y ST

ol u, vel #Egtel 37/olck

2007
0

T 740 20 WO 85 60 43 37

Fig. 2 Body plan of KCS

228

etz Matel=2 ! M 613 MdS 2024 82



21=5}. Z10/k 0|4 - MAS}

Ao A

1 -
Xy =5 pLdUX (', ¢) = Ry 0

= %pLdU2 Y’H(U’m,r',(ﬁ)

Ny = 5oL AUN 4(0,.1'0)

F27|9] RA=(X )2 Okuda et al. (2023)2] o7t 2
YHIMoZ KCS Mgo% 2l A== KP505 0&5t

== =x7|1=2
HC} KP5050| %3 Ele Al (5)9f 2}

Xp=pn®Dpky+kyJ, + kyJ7) (5)

o7IM n2t J, & 22 F2| 3Tt FE7|2| TEHo|t

k0+k1JA+k2JAEZ;E
RfekrE ZARH 2o, KP505 817

0.485, -0.388, -0.116 olcC}.

o] H5TMoIN F2ig JA9-| 2

(=Xl =

Random maneuver
scenario start

Initial state
=0,
n=np, U=Uj,
r=0°%0=0°

False

Random selection of &
(-40° < §< 40°)

Random selection of 4y
(50% &< Ay < 300% &)

v

Turning maneuver

Acceleration
n=120% np

Export time series of
dynamic variables
[vm 7" 9. Yy', Ky', Ny']

Random maneuver
scenario end

Fig. 3 Flow chart of the random maneuver scenario
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