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The present study concerns a feasibility study for applying principal component analysis to ship dynamics in maneuver, Using
the four degrees of freedom standard modular model for ship dynamics maneuver simulations of large angle zigzag tests with
rudder deflection angle variations are conducted, The datasets of ship motion, hydrodynamic force, and moment during the
maneuver are acquired to identify the principal modes, The covariance matrix of obtained ship dynamics variables shows a
strong linear correlation between the motion, hydrodynamic force, and moment, except the surge force, Four eigenvectors of the
covariance matrix are selected as the principal modes of ship dynamics, Using the principal modes, ship motion in turning circle
and zigzag tests is reconstructed, showing good agreement with the original data,
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B0l & ZHo| TMS I E M3l MA|Q| FA=
st 7xl2d o|A+E 2 ZE{(Kalman filter) S Sl oli
= A7 FE FE Tt (Lee and Shin, 1999; Yoon et al.,
2007; Perera et al., 2015). ZTHE Qo #|Mst 212 |ES
olgst =ZA el AlHo| O[FXZ|E si¥ct (Sutulo and
Soares, 2014; Xu et al., 2016; Xu et al., 2018; Kim and Kim,
2020; Wang et al., 2020a; Wang et al., 2020b; Kim et al.,
2022).
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(Principal Component Analysis, PCA)O| QICt PCA= Zolof ot
2} MEF W2 (Proper Orthogonal Decomposition, POD), £
O|ZFE5H(Singular Value Decomposition, SVD)2IE H%EP
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Table 1 Principal particulars of KCS ship and model
Symbol| Unit | Ship | Model
L m 230 | 3.494

Description
Length between
perpendiculars

Beam b m 32.2 | 0.489
Draft d m 10.8 | 0.164
Displacement \V4 m® | 52043 | 0.182
Block coefficient Cy - 0.651
Longitudinal position of
the mass center from T m | =3.39 |-0.051
midship
Vertical position of the
mass center from zZa m -2.7 | 0.041
waterline

Metacentric height GM | m 0.6
Vertical position of
acting point of lateral Zg m 3.70 | 0.563
force of the hull
Radius of gyration

0.0091

k., | m | 1417|0215

(x—dir.)
Radius of .gyratlon .. m 575 | 0.873
(z—dir.)
Rudder area Ap | m? | 54.43 |0.0126
Rudder span Hp m 9.9 ]0.1503
Vertical position of the
acting point of rudder Zp m 4.95 |0.0752
force

Propeller diameter Dp m 7.9 0.12
Longitudinal position of
the propeller from Tp m
midship
Vertical potion of the
propeller from waterline

-110.9| -1.69

0

T 10 o Mo 80 &0 40 20

Fig. 1 Lines of KCS
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LI 0|2 &0l siMsI2 2, olF AEAHCIM FAHSA x|
HE(z s, 0, z,)8 Tfslof Sich 07| 2 = FHHOIAM
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Fig. 2 Earth—fixed coordinate system(O-Ent) and horizontal
ship—fixed coordinate system (o—xyz)
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& Zplolu SAZAl| Suiol SiEl Holl Soln 2E wake
M4 S8, olls Sl MdlREEEAY} olgE of
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oll= st 2YXISh= EXI7E 20|, EEL 25 Al F
7HFQl zEA HEl0| @FEICE

Hamamoto and Kim (1993)2 M 252| siMs 2Ist 25
EEA = $EH|| D™st 2 MAH Q| MEfHTREE Ao
TEHMA THZEA (horizontal ship—fixed coordinate system)
Herict o= XITFMEFEAIM M IHEEA 2 22
ZH{Euler angle) HzjoilA M4z Bisko| A 3|MUtS
SEEAO| HFSich= ofojolct. of2{3h AEA = AT M
22| siAolM A ARBE[QIEL (Sohn and Kim, 2003;
Kim et al., 2011; Araki et al., 2012; Yasukawa et al., 2018).

—

1= Ho ™ o

MA| FH= 2

MH A 222 4 (1)2 22 iAoz LIE 5 9l

XH(U,m?T,’(b) = Xvwv,gn + lerv/mrl + XITTT/Q
+ levvvvl;ln + Xv¢v/rrz¢

’ 2

+ X, o+ X 0
Y0, 7 ¢)=Y 0, +Y " +Y,.
+ Y’Dm,v'?nr/-i- Y’wrv/mr'2 + Y’,,MT'3

+ Yl¢>¢+ va¢vl3n¢+ YU¢¢>U,m¢)2
19 ’ 2
+ erm?“ ¢+ Y’r¢¢7‘ ¢

’3
Um

’ ’ _ ’ ’ 13
NH(U moT 7¢) - NUU m +N7>T +Nv1mv m
12 7 ’ ’2 3
+ Nm;rv mT + Nnrrv m’ + Nrrrr
2 ’ 2
+ N{,ﬁ¢ + Nm;(/‘)v m¢+ N1,¢¢U m¢

+ N,.wr'2¢+ Z\/',.C‘mﬂ"'(ﬁ2
(11)
Table 3 Maneuvering coefficients of hull hydrodynamic
force and moment model

X 5 Y 5 N 5
m', | 0006 | m', | 0152 | J. | 0.009
R, [0.01735| a,/d | 0.285 | N, | -0.105
X, |-0087| Y, |-0243| N, |-0.036
X, |-0023| Y, | 005 | N,, |-0.288
X, |-0093| Y, ., |-1.675| N, | -0.042
X | 0809 | Y . | 002 | N,, |-0.579
X 0.01 Y, |-0.083| N, |-0.003
X,, | 0009 | Y,, |-0447| N, |-0.009
X, |-0002| Y, | 0001 |N,, |-0327
K5 Y, | 0161 | N, | -0.232
ag | 0.031 | ¥V ;5 |-0243 | N, | 0.041
b, 0.002 | ¥V, | -0.13
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Table 4 Maneuvering coefficients of propulsor thrust model

ol

0x

SK.
1+ —2

1+k
ol

—1

1—%) (21)

R

Symbol Value

k :
Coefficients for polynomial ko 00325851

. . 1 —U.
approximation of Kr(Jp) Ky 20166
Propeller revolution rate (rps) np 18.20
Wake charactenshcs parameter G, o5

with respect to Bp

Thrust deduction factor tp 0.086
Wake fraction in self propulsion | wp 0.316

JSNAK, Vol, 61, No, 1, February 2024

41



S=] = 5
FHE BMZ S0t MY XF B 4NRE S8

£

- hh

x SRl A Fdlel meEQe Miel
M4EQE oot Eust T Mol 3oz Tk

vp= Uypltan™? (%) —1,7) (22)

047|M 2 "EFAZ(flow straightening coefficient), 1’ ,2 &
gEfe| Zoldkek 7& fIXIE Lol CHEh HIE2 LIERA grolch
LY £ |oiale] 7Rl =017 2ol ZFedol CHsh

tg Zect 1,2 AN EERe| fIX(7} of2t U
el s M0 2

o
Eof thS== ZHE ¢f Zo|Z ofaet = %‘Ek

Yy=—(1+ay)Fycosécose

KR = (1 + aH)ZRENCOS§

Np=—(=0.5+ayx, )LFycosécoso

07|M ¢ 2 MA-LrEiEt MSEEE ASE WelEt RAE B o
sk MEo| 7Kg onldict o= WaE R & o wEk
MEo| ZIIF, o e yaet fAEel 28Rl o Wk #l%o]
Ct oA G745 Bratefe| =& A5 Table 50 2[5t

Table 5 Maneuvering coefficients of rudder hydrodynamic
force and moment model

Symbol Value
Flow straightening coefficient YR+ 0.574,
(starboard, port side) YR 0.374
Effective Iong|tud|nallllocat|on of Z,R 0,848
rudder position
Ratio of wake fraction at
. € 0.76
propeller and rudder position
Experimental constant for
- K 1.03
expressing U
Rudder lift gradient coefficient Sfa 2.747
Steering resistance deduction factor| tp 0.234
Rudder force increase factor ay 0.311
Longitudinal location of acting , B
point of rudder lateral force T 0.586

0| =22 2023 T SfUSAE RO Z sletAlIED &

A=elo| X|2l2 o} £=3l=| o 10I(RS-2023-00256122, 5l{2k
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