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Prediction of Maneuverability of KCS by CPMC Captive Model Test
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Abstract

This paper presents the results of prediction of maneuverability of KCS by CPMC captive
model test. The CPMC(Computerized Planar Motion Carriage) with captive model test
equipment is installed at Ocean Engineering Tank of MOERI. KCS is the container ship
which was open to the world by MOERI. And the test results for the prediction of
maneuverability were presented by NMRI in Japan. The research results about the
maneuverability of KCS were presented at SIMMAN 2008 Workshop in Denmark. The results
of test and simulation of this paper are compared with the results of simulation by MOERI
using test results of NMRI and simulation results by NMRI.

#Keywords: CPMC(CPMC), KCS(KCS), Captive model test(2=2&AI&E), Prediction of
maneuverability(ZZ & s &), Comparison of simulation(Al2201&4Z 1 Hlw)
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et CFDO| ~I<.>_F rEds FEIIE0 et 2HEe
|

E20| UUCL 0lLI0= KVLCC1, KvLcc2 ¥
KCS &&0f tist H7= 20| +=HEUCKKIM et
al. 2005b), Kim and Kim 2001, Shin et al.
2009).

2 ==20lM=, MOERI2| disst=A0 &X
T UY= UEHOE  delEX CPMC
(Computerized Planar Motion Carriage)E 01&
ot BIHE HFQRI KCS RE XM st =84s
FE A2 >™oIULE CPMC PSI2SEAIEE
e =X JIHQ SHINY &R L 2
O 3MU(turn table)ES OI=6HH =THAMA
2o MzE ¥ 3dEss FYMNAHE = U=
ZHI0ICHKIM et al. 2006). KCS &80l CHollA=
2=9  NMRI(National ~ Maritime  Research
Institute) A 0101 CPMC &2 AIE@E 85t
0 SIMMAN200801 SISt Bt QUCH MOERINIM =
NMRIS| AIEZIUE 0|25t ~B4Hs2 &5t
04 SIMMAN200801l HMIEgt b RUCH

SE A AIEZUE 0180HH K
8ol XBEHsES FHOIYH, FE
NMRI2l AlRZE 0IE5tH MOERINIA
Z0 2 NMRI XHMIoA =38 2012 8ot
Ch S8t =29 SVA(Schiffbau-Versuchsanstalt
Potsdam Gmbh)2t 22t210te] BSHC (Bulganan
Ship Hydrodynamic Centre)0ilAd =84St Xt:
FANEZ AT Bl WA CHSIMMAN2008).
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Table 1 Principal dimensions of model ships

Dimensions  |Real Ship| NMRI MOERI
Scale Ratio 1.0 75.5 65.833
Lpp (m) 230.0 3.0464 3.4937
B (m) 32.2 0.4265 0.4891
D (m) 19.0 0.2517 0.2886
T (m) 10.8 0.1430 0.1641
Displace. (m°) | 52030 0.1209 0.1824
Ar (m?) 54.45 0.0096 | 0.01256
Dr (m) 7.9 0.105 0.12
P/De (0.7R) 0.8 0.8 0.8
GMr (m) 0.60 0.097 0.00918
U (m/s) 24.0 Kts 1.1 1.522

Fig. 1 Model ship of MOERI

CPMC F=2EAIEEXI0N CHE KHAIS LHR—
Kim et al.(2008)01l LIEILF UM, Fig. 20il=
EDHAIEERIC] AFRIO| LIEHLE RUCH

Fig. 2 Capt|ve model test equipment

tetxdstsl =28 M 46 @ X 6 = 20094 123



o
e
1]
=
o
>
0
>
08
0
r
i
1o
0F
10

3. PECEAE L oHdZ

3.1 =832 & (Kim et al. 2007)

S 0 TEAAML 3sE d94d 2sE3d
A2 Fig. 32| HEH SHOIAM CHSDF &L

Fig. 3 Coordinates system

m(zl*rvfxgrz):XH-&-Xp-ﬁ-XR (1)
m({)—i—ru-ﬁ-xgr) =Y, +Y,+Y,
[ZZ{"-Q-me(z'J-‘rru) =Ny +Np+ N,

AL (DOIA OFHEAE HPRE 212t & J'HI, =
g2, B0l 2lgt RMES UEHLHL, #A
ORHEX G= 21 AlZHol CHet DIzt 2HSS
o AAXIE 2l0IEHCt.
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(1) dxMol &&ot= &8 RUE
Xy= X7-11'1,+ X, vr+ X(u)+ X, v 24+ X,, r?
Yy= Yo+ Yio++ Yo+ Yo+ Yo
+ Yypll+ Yrlel+ Y plpl+ Yolel+ Y, orr

+ Yyovr + Yyplgl+ Yyrlgl+ Yy, ovv+ Y frr
Ny= Np+ Na+ Np+ N+ Nyb+ Nyplvl
yrlrl+ N orr + Ny ovr + Nyplgl (2)

vor

Nogrgl+ Ny pov+ Ny prr
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X(u) @ ZEAl X KE
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(3) Et0ll 28t R

Xp= —(1—tyz)Fysind

Y,= (1+aH)EV00s5 (4)
Np= (zp+ ayzy) Fycosé

021011 A,

1 .
Fy= 97 “i‘r‘ Ap fosinay,

8K, 2
Up= €upp[ml+tk 1+71'1271 + (1—7)
Jp

Dp

"
, n, U
ap= (0—8)— v +iyr )(u—H)
lp=2x,
(1-ty) B0 213101 &01= T4
ay gy ¢ EIOI OIBH0] MEIOI EBEHs 2+
=1t

Ty - EF |IXI2 x FHE

D, H, : TEHP{o| MAD Ef| &0

3.2 REZEAE

KCS H&0ll tHet 7528 AIZEXAE2 Table
201 Hel&lo QUCE Fig. 40l AEE2SHAE S
AHHIOl LIEHLE QUCH KHEAIEE2 1.522 m/sOllA
SY-CIACH, 28 I%:.Oﬂ ool Z2H
&l rps= 15.80IALC Zlalﬂ S2REEH=E 2
S| RIS SEAIE0| =~ EIALCH.
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Table 2 Test conditions
Test Item Test Condition
Resistance U= 0.5, 0.7, 09, 1.1, 1.3,

1.5, 1.522, 1.6 m/sec

Self Propulsion

ros = 15.0, 13.0, 17.0,
16.0, 15.8

Static Rudder

0=0°, £5° £10°, +15° £20°, +30°

Rudder & Drift

B=10° £3% £6°, £10°, £15°, £20°
7= +0.15, 0.3, £0.5

& Turning § : 3~4 Rudder Angles
. . B=0°,£2°, +4°, +6°, £8°, £12°,
Static Drift 167, 207
Turning r'= 40.15, £0.2, £0.3, £0.4, £0.5,

+0.6, £0.7

Drift & Turning

B=4°8,12°,16°
r'=40.2,+£0.4,£0.6

Pure Sway

v = -0.08. -0.12, -0.16

Pure Yaw

7 = -0.12, -0.24, -0.36,
-0.48

ot ALt
Force' = Foche 5, Moment' = Momegnts (5)
5pU°L 0.5p0U°L
Fig. 50ll= Argt AIREHIM H=SE Z20E NMRI
o A2t Hlwst &0l LIEHLH UCEH Fig. 5
= BNl 28t 80 RUEE MIHGHD Hlwst &
gisk sl A2 ZHES| EO0ICH Efol 2

A
i
X

or

EE MAHGPI| <IohM E&E B2 Al
ZIIt OISEIACE & NMRIS] A&

= &ldQ| 18.58 Kislll ofiYol= 2&8d =50l
| S =]

1 m/sOil CHEH ZIH0ICH. HIWZBU=RE e
o

> 30y 4> por — &ogor o
O M |0
w8

£ o HL N oy

i=ie

o f

m

a

0.008 T T T T T
i B

o MOERI

0.006 Fitted (MOERI)
F A NMRI
0.004 |

0.002
> of

-0.002 | g
-0.004 |- }(/Q/
-0.006 |-

S
B
0003
[ O  MOERI /J
0002 | Fitted (MOERI) (N
e ¥ A NMRI )E/g

0.001 |

-0.001 f éﬁ
g l%/%/
-0.002
-4

~ Lot b bbb b b b by
0'00:525 20 -15 -10 -5 0 5 10 15 20 25

B
Fig. 5 Comparison results of static drift test
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Fig. 9 Simulation results of 35° port rudder
turning test
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Table 30l F3= X&ds N+=== Fclot
O LIEHHRACE MOERI/MOERI= MOERISI AIE
ZIUE  0IE6tH  MOERIDH FEs ZUE,
NMRI/NMRI= NMRI2 AIZZ S 0I&3H0 NMR
Jb FFE ZWE, el NMRI/MOERI= NMRI
o AIEZE 0I80t MOERIDE F=F&t ZE
Ol0IEttt. H2RH H3lds2 MOERI/MOERIDH
JE ZEAN FEotd  ULH,
NMRI/MOERIDH Dt 2 F=&ot U
= UL Z2 AMEZWUE 0l8dlH =
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NE ZHIUCH, AIEZ100F SIH= KVLCCT,
KVLCC2 & KCS &=0il CHolA 2r J1Z0IM =
ot ABHs ZIDF A4Sl Galis

g |
RCE == 0101 CHEt =20t JgE KIEOICkL

Table 3 Maneuverability indices (simulation)

MOERI/ NMRI/ NMRI/
MOERI NMRI MOERI
35° Turn
Advance 3.01 L 3.30 L 3.19 L
Tac. Dia. 3.19 L 3.43 L 3.61 L
-35° Turn
Advance 2.86 L 3.18 L 3.12 L
Tac. Dia. 2.94 L 3.21 L 3.47 L
10°/10° ZigZag
1st OSA 11.31° 6.9° 7.71°
2nd OSA 10.78° 10.6° 7.90°
20°/20° ZigZag
1st OSA 16.95° 14.6° 11.86°
2nd OSA 14.99° 14.3° 10.78°
Table 40l= KCS A& 0 CHoOt =22 SVARt
£712/10t2] BSHCHIM =eHst Xte&t=AIEZ
Jb Aled QACH  SVARI BSHCUHIM Alsst 2EM
O AJl= 4.37 m OIULE NFEFAEZUE
AlSH0lI&N  2jst F=HZ2H HlWGtHEH
MOERI/MOERID} JIE & Q= 28 2 5= U2
o, 10°/10° XIOMIAIESl H2LH#AE2H2nd
Overshoot Angle)S HI2lotD=E I & «LXot
= AEg 2 = ULL == MOERINIME 2528
AR AlSE RPEHEE AIE6HH ISEFAIES
HESHD ULH, A=A Qs FHZ
2+ HlwE AHEO0ICH

Table 4 Maneuverability indices (free
running test)

SVA BSHC
-35° Turn
Advance _ 2.78 L
Tac. Dia. 2.72 L
10°/10° ZigZag
1st OSA 11.0° 10.8°
2nd OSA 18.6° 21.0°
20°/20° ZigZag
1st OSA 17.8° 19.0°
2nd OSA 19.9° 22.0°
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