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A study on the Turning Heel Angle of
Passenger Type Vessel in Lightship Condition

Kim, Hong Beom

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

Abstract

Vessels are audited at. regular intervals for the maintenance of various
functions according to the Ships Safety Act. For a docking survey, the vessel
maintains a minimum amount of fuel oil, ballast water, etc. and is in a status
similar to a light weight status so has a high center of gravity than a normal

sailing condition.

The ship shall undertake the voyage to be docked. The vessel needs to turn
due to an action of avoiding the dangerous obstruction that may result from
during sailing or due to an action for altering course and may occur to the risk
of heeling depending on the degree of turning. If the stability is not good

during turning, it may lead to major accidents such as sinking or capsizing.

In this paper, we selected 2 passenger ships(Seokyung Island, Seokyung
Paradise) and 2 training ships(Hanwoori, Hanbada) to perform a study on the

heeling angle during turing for passenger type vessel in lightship condition.

Of 4 kinds of turnings in the light ship condition of the passenger type

vessel, the heeling angle formula (A heeling angle formula during turning of

_iX_
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passenger ship based on IMO stability criteria, modified heeling angle formula
during turning of passenger ship based on IMO stability criteria, a heeling angle
formula in steady turning and heeling angle formula taken account of drift
angle in steady turning) the heeling during turing was calculated according to

GoM, the speed, and the speed length ratio.

The heeling angle calculation during turning was verified through an
experiment of the real vessel: training ships “Hanwoori” and “Hanbada” .
Average value was calculated through L/B based on selected vessel, the heeling
angle during turning calculated for universalization and the numerical result was

compared and analyzed.

The GoM, the speed, and the speed length ratio were presented that can
meet the heeling less than 10 degree during turning, presented in the IMO
stability criteria in the light ship condition of the G/T 4,000 ~ 6,000 ton class,
L/B=5 passenger type vessel.

KEY WORDS: Turning heel angle, Stability, Trim & stability Booklet, GoM,
Speed, Speed length ratio, L/B
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Nomenclature

B . 1Z(Breadth)

B . F-Al(Center of Buoyancy)

B : AZ(Drift angle)

Bf . F<H(Force of buoyancy)

C : B2l S4(Center of rudder)

Deq . A& <4=(Draft about floatation)

A . ¥l 4= (Displacement)

) . EFZHRudder angle)

G . FAFA(Center of gravity )

g %9 7}<4=(Acceleration of gravity)

k . Yawing?] 3]xuk7(Radius of gyration of yawing)
L X7 HLBP : Length between perpendicular)
LWL £ 421 A (Length water line)

M . W ERAl Bl (Metacenter)

P . Z4)(Pivoting point)

R . A3)¥k7d(Radius of turning circle)

9 . 374 AHAngle of heel)

|1%4 . Z"#(Force of gravity)

\Y% : A<4x(Ship’ s speed)

_Xi_
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BM

FSM

GGo

GM

GoM

GZ

GoZ

KB

KG/VCG

KGo

KN

LCB

LCG

LCF

LGC

LGP

KMT

TPC

MTC

VGC

Abbreviations

Vertical metacenter above center of buoyancy

Free surface moment

Free surface effects of liquid in tanks

Transverse metacentric height above center of gravity

GM corrected for the free surface effects of liquid in tanks
Righting arm about vertical center of gravity

Righting arm corrected for the free surface effects of liquid in
tanks

Vertical center of buoyancy

Vertical center of gravity

KG corrected for the free surface effects of liquid in tanks
Righting arm about base line

Longitudinal center of buoyancy

Longitudinal center of gravity

Longitudinal center of floatation

Longitudinal center of gravity about center of rudder
Longitudinal center of gravity about pivoting point
Transverse Metacenter

Increase in displacement per 1(one) centimeter immersion

Moment to change 1(one) centimeter trim

Vertical center of gravity about center of rudder

- Xii -
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Ast Au3 =2 st AW A8, 3te &4, A AE =

=
Fa Aol Al BUgel g FHG A2

oy 1o

ofE ALWAZE B9l W ol fi AFWA Hwo| ool A8m 97
wWzolth. :9ke alel wet wlElsh, Fig 22(LefyH e ALWA AT Aol
Soto] Zgste] BAE woA BTH(elS, 2012a). Auto] B Slo] WH A o

Agsta, o w2 A

Bf

Wf 4

Fig. 2.2 Principle of buoyancy(Left) and floatation of ship(Right)

wkek ulgH(Wind), 3H&(Wave), U2 (Swell) 5 2ol &jate] Aulto] 37
At Eofl 21 WA ®wsyL AT FAle] X7} o]l FstHEA FHe| 28
I 5ol g Atolele Ayt AVIAl Hi, #PRUWET BAEte] o]
ARt (elsd, 2012).
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/’ '] L

/ 4 b \‘

‘ {\ ;‘ W 9/: L

wl
w
Fig. 2.3 Principle on force of couple(Left) and ship’s moment of
inertia(Right)

52174 (Stability, Righting Moment)2 A 8ko] J5.9] Flof] sl Qo= 7]&
Ah s1%e Wol AW 27 BEYHE HEolesls RWES wain, o
&3 o) Ane.

Stabzlzty — A X G’Z ............................................................................................ (2_1)

Ao

GZ : 594

222 %7] E49
HE %53 Ay, Malo] HAHTI Y=

= 394Gz Agrt ml$ F23)
t}. Fig249} o] GZ9 #& GM -+ sind2 8T 5 Qloh.
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Fig. 2.4 Relation between GM and GZ

GME& FAISH (G FHEAE (M) o] A= s dERIT. mﬂawa% 27
B (Upright)oll 4] Adhe] REo] 285 AAVE dhAlglS of FHo] zhgido]
Tus dow Aol 105 H Sl A= Fig259 Zol A wakx ehth(el
T+, 2012).
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Fig. 2.5 The trace of point of intersection of successive line action
of buoyancy by ship’s heeling angle
GM2 A3 HAA FHE olsS B3 AAAE, w3534 E(Hydrostatic
A4 o 8t (Hydrostatic Table)E ©]83 499 Ao gt
GM Azt BaF7]ol o7k ko] SAMS T8l Fonh. Aufo] 24 5(10% 7]
W2 HAAA GMel 294 Brkel st @ 4 glow, 2] BUFe 222

o} o] AMATHEAA 5, 2007).

Righting Moment = AX GZ

= A X GM . Sine ............................................................. (2_2)

223 A EAYIAES} FHELY

A EQHF A5 (Curve of statical stability)= ¢ AAZ o g GZ9 #h<
FAoZ Yehd Ae JdZ o, Aduto] AR T HEoteH = T
(Patterson Chris J. & Ridley Jonathan D., 2014). GZ+ 24}(2-3)3 2t}

GZ = KN—KG o Sinf  cooeeeeeeeeemmeemeeeiii (2-3)
KN : Keelol A 8¢ 28742 #2052 thte H7EA 9 A e

KNS &2 (Keel)olA Reo] Zgxzr FHoz whte HN) e Az,

- 10 -
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2~

T
7Veetd, HuEdd, 598 &4, dFGEYLS & 4 Ath(Rhodes Martine A.,
2003). E3 GM< 1Radian(57.3%)olA FAE& Al$-3 X7x] AAste] 271E
82 JeldAthBiran A. B, 2005). &5

3.0 B
25 i
/ 1 | GM
2.0 /l \\
1.5 S
1.0 it \\
=i Max. GZ \\. 573"
0.5 / i
GZ L 4 | P
(m) 0.0 10 | 2jo | 30 | 40 | 5o 60\ 7/0 | 8o
-0.5 | A
-1.0 Range of positive stability
15 Ll O Ll BB |

Angle of heel (Deg)
Fig. 2.6 Example for curve of statical stability

&% 59 (Dynamical stability)2 "] offl Zt== AAXEH 275 = 49
S D3lH, GZ Curve & ¥9ol9 AAZ7HA 9] Righting Moment9] &o|w, WA
< it AHEAEIAEI vAg o2 Yehy] wiie] ZAEER S o] &3t
of ALt (elsd, 2012a).

s

1) First rule

Area = éxhx (LAHABH1C) ettt (2-4)

_’I’I_
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2) Second rule

Area nghx(1A+3B+30+1D) ............................................................ (2-5)

Fig. 2.7 Explanation for Simpson’s rule

3) Extension of the first rule

1
AT@CL:§><h><[(yl+yn)+4(y2+y4+'”+yn_1) ..................................... (2_6)

+2(y2 +y, +.”+yn*1)]

4) Extension of the second rule

Area = %th[(yl—l-yn)

........................................... (2-7)
+3(3/2 TYs TYs T T Y, o +yn*1)
+2<y4+y1 +"'+yn_3)]
m—
i il
P g
Vi Yo Y3 Yos | Vo2 | Yo | Vi
h h h h h h

Fig. 2.8 Explanatory extension of the Simpson’s rule

_12_
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224 IMO B4 As71&

19501 AtHol| J.Rahola, Watanabe &©| Alute] EAdd| w3t TAA, o]&3 <
TE Sot] HAZ Bdd #F VES

71, 87823 =1 & 1t BEHA AsrIEe] FF ¥ WAEHAG H
IMO 54 d5715S F=stste] At g

3]

i
=5 el oy Sn, AW BE P YBAPREE BHOE Pgey Yok

o1, PART AolA+= Aube] tfgk dutAQl 7|&, HAAELEIAT a4 7]
Z, AEE EWY|EFAAA, AsEZE 50008 oo oY BA, dEAH FES &

Table 2.1 IMO stability criteria on passenger ship

Item Criteria
AA-E Ao A3 A (0) | FAAAAEG mT
A3lo o3 AASEHA == o
105014 327 gy T e
dEdow =3l weo AATHA =3
30504 E2R 0.20m ©]%
2 GoM 0.15m ©]%
TH5UE 0~ 30° 0.055m-rad ]’
EABAZ 0 ~ 40°(or 0y 0.090m-rad ©]%
T2 599 30 ~ 40°(or 6y) 0.030m-rad ©]/&
Mol & Fog 7S
el R ESE EREA ) 0% vw
LA
A3 5 AAA 10%= w] Rt
A BAA 3 AAZ 255 o] el A Ay
A A H]=b/a 1.0 ol
- 13 -
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GZ

LEVER

lwl

oy
=
[\¥)
v

ANGLE OF HEEL

0o : Angle of heel and action of steady wind
0, : Angle of roll to windward due teo wave action

0, : Angle of down-flooding(6s) or 50° or 6., whichever is less

where :

0. : Angle of second intercept between wind heeling lever [, and GZ curve

Fig. 2.9 Serve wind and rolling

23 438 3 AN AR

ol T Aol A B ARGl mE BAA AEE AT & s A4S IMO
44 Ae7I=cl ANE A8 T FAA ALY, IMO 54

5 A7l A3 F &
74AF WE A4H2], Barrass C. B.2} Rhodes Martine A.°ll 23] AAE A A3 5 <4
ZAAF o] 4], Inoue Kinzod] ¥ vt 2F g & AFEY I 7ed A7
[e]

= 23 A3 F LA o] 24 0] A

_14_
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A7 IMO B4 A571E0 mWe} A3 T RAAZ thatel 1058 23
& gtk Te A8 ol8slel YA IMO BUA A7 2o AAE 45 F A4
$YHe 2o ANt AN At

V2 Deq)
L s 2.8
GZ OOZXLMX(KG’O 5 (2-8)
C ? Deq)
GMX*<sinf = 0.02 X LVVZX(KGO T
. V? Deq)
—0. - S [P UPP PR UPRTPRRRY 2.9
sinf = 0.02 X LI/I/ZXGMX(KGO 5 (2-9)

V : ASIA &9
0.02: A3 A4
S

ARS8 Askalo A A8 H
Hs A8skAd (SDC 2014;
:

rlr

2(2-8)°] 34 0.02 A8 A= A3 T A
(Tactical diameter)®] #2 T4 st 106] <
SDC, 2015). A 3| A 0.020] thste] azgt A3 a4
AutA Q] B 2hS AFESE o E AdET. B o] Y Aduto] ghzt
A A A3 gEG QAT O ZA vekg 5 3l
0.02¢] thated 4397 (Radius of turning circle) gt
T EFoA = HEFA 4 3] 7 (Tactical diameter)< AHt dojo] 582 F431a ¢
7] WZell A(2-8) = A3REAE gk 5Hi7E obd 25 = A o] HastH, FA =9
%ol It (Lloyd’s Register Marine, 2015).

2 AFdAE IMO 5944 A57& A3 5 JAA W
W73 2515 A&t A3Ag 0.025 thAlste] 0,048 4
% vl EAEAT. IMO EHA AeUle A3 F

10)3} 2.

™

—

_15_
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IWL< GM
vV HEA %

0.04 : A3 A<

2
K3 Slne — 004 1% V (KGb_ ‘Deq) ................................................ (2_10)

A3 Al 0.040] st 7 4(2-11)3 2T

V2 Deq
. _ It T TP 211
sind = 5 5% LBPx G’MX(KGO 2 ) (2-11)

LWL = LBP(L)

w3, S #ete 2(2-11) WF A oha 2T
. Vo 1 Deq)
— < e PN _
sinf ( \/Z) “98x25% GM (KGO 2 (2-12)

232 A% A3 T ABAFAL o]

g T2 Adute] B2 AN HY B HgHo ot A3E AZsHA @

o A3 F A8k 4 ¥ (Centripetal force)? 4 ¥ (Centrifugal force)ol| <3}

& Q HEe gHet 7)sterd A FAld A&skA Ha, d

gL AA FATA 283 =1, Fig 2103 2t

HAA7E doly®A Heeling Moment®} Righting Moment7} &Alell Ay 3}A|
E9] 2 Zow(Barrass C. B, 2012; Rhodes Martine A, 2003), 2|

=

_16_

Collection @ kmou



(=]
=2

W
h ]
Center
of turn Centrifugal
Force
Centripetal

Force

G 1
B r g 31—

K

‘W

Fig. 2.10 Occur centripetal force and centrifugal force

2
WX GZ = ﬂxBlZ

M 2
MyGZ = }Z X BZ

2
GMXsinf = - X BGcosh
gR

- tand = V*x BG
ST U RX GM

RSP IE

R : A 3HEA

BG : $ARE FAZUAA 53 AL
59 (250) 2 A &3] Lgule] #3

= Ho A 3ut

oy

« BG
9.8 X2.5 X GM

S tanf = ( \/VZ )2

_17_
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233 HZHE 1#HT A3 F WAHAF o] 24

(B |

ol At Fds A0 Q4o] Agstel oA

Fig. 211 ~ 2128} 7o] 43|17} W& A Aute] AzDrift angle)ol 471,

>~

e oA dAn. &
gol A O Fde - Qe AT Ao 27 "ol TAES FASTA
S 25E Ao o FAldA A&sta, dAHS FAFTAAA st AL
FFS PR E olEo|t(Inoue Kinzo, 2013). 7|4 % Heeling Moment2}

J
Righting MomentE #&2 B0l LAz AT 5 Ut} o] o]E4 2 HZo]

1

=

R MBS WAL A M8 F AL ol B4R o 2 et 7
g2 wan.

Fig. 2.11 Centrifugal force action on ship’s center of gravity

_18_
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1
1
1

Heeling:Moment

Fig. 2.12 Outward heel

.................................... (2-16)
@ CO=0
V2 cos3
_ % CA9LE - LY. 217
sinf g R Gl VGC ( )
Vo AEA %9
R : A3¥7
VGC : ] FARE BAFAAA ] A
B A3 F 7zt
T A AIMAE(25L) A8t Ao Bt 4(2-17)S WIS H o
2t}

. V2 cos(
- X X
sinf ( JL ) 985 ¢C
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234 A3 F FAA ALE A% A=
A7V A A 47k A3 T FAA AAYE o] &8t FAALE ALtEt]
Y| A= Table 2.20] A A3t Q
LGPE FAZ4(G)HH A4 (P)7HA, LGCE TAZA(G)HH B2 24/(Q)74HA
WY AYE uIT k= Yawing®] 3 HubolH, Huk Zolo 03541 E 2 &3}
% th(Inoue Kinzo, 2013).

Table 2.2 Data for calculation of ship in turning

Item Result Explanation

Displacement(A) MT

Deq m

KGo m

GoM m

BM m

VGC m

Radius(R) m R =25XL

Drift Angle() Deg | 3= sin '(LGP/R)

Rudder(9) Deg

LGP m | LGP = ¥ x LGC

LaC - Midship - AP : m
LCG = m

Radius of gyration of yawing(k) m k=10.35 <L

Speed(V) m/s knots

LBP(L) m

- 20 -
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A3 F ALY A3 T JBAA At
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ok
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oM,
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lo
2
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311 A7 old#AE=s

A7 oldWES = 1994 2=F <l Ea&AJole] Union Naval Levanteo| A 71xEH
of 2ol 20 4 dzt F3tthrE 20139 42 = AU =Yste] F4be~
AFS &Fete 7hoe] Aok AR bt M7 ofdIM =T = o7 8809, AT
2000, 3t&=2 1,600=S AAS 7 Ao, A7 ofdAE=T o] AAA} d=E on A
+ Table 3.13} Zti.

_2‘|_
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Table 3.1 General description of Seokyung Island

Ship’s Name Seokyung Island
Type of Ship Car Ferry
Gross Tonnage 5,223 ton
LOA / LBP 116.798 m / 101.830 m
Breadth(MLD.) 20.70 m
Full Loaded Draft(EXT.) 5412 m
Displacement at Full Loaded Draft 7,528.058 ton
Light Weight 5,258.473 ton
Main Engine(Diesel) 2640 KW x 750 RPM x 2 set
Speed(Trial MAX.) 15.00 knots
Date of Launch 1992. 6. 20
Passenger 880 P
Crew 34 P
Total Person 914 P

_22_
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312 A7 gggolx%

A7 Fgito] 25 = 19878 Y E O] Kurusia £AA0A AZHUSH, o7 613
g, AF 2500, =2 3,000 25 F Utk A4 detgolzz o AW A
& o|u] A= Table 3.29} #t}.

Table 3.2 General description of Seokyung Paradise

Ship’s Name Seokyung Paradise
Type of Ship RO-RO Passenger Ship
Gross Tonnage 6,626 ton
LOA / LBP 132.920 m / 123.000 m
Breadth(MLD.) 23.00 m
Full Loaded Draft(EXT.) 5.467 m
Displacement at Full Loaded Draft 8,094.360 ton
Light Weight 5,688.540 ton
Main Engine(Diesel) 8,200 KW x 350 RPM x 2 set
Speed(Trial MAX.) 19.00 knots
Date of Launch 1987. 4. 9
Passenger 613 P
Crew 40 P
Total Person 653 P

_23_
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Mzste] =7 37|14 FAAAH 59 dF 534

K s
o2 g itadrdd =AHAY. sy AdH AdE o|F| A= Table

Table 3.3 General description of Hanwoori

Ship’s Name Hanwoori
Type of Ship Training ship
Gross Tonnage 4,108 ton
LOA / LBP 87.55 m / 80.00 m
Breadth(MLD.) 16.00 m
Full Loaded Draft(EXT.) 4.610 m
Displacement at Full Loaded Draft 3,113.300 ton
Light Weight 2,090.000 ton
Main Engine(Diesel) 4200 PS x 210 RPM
Speed(MAX.) 17.0 knots
Date of Launch 1989. 8. 5
Cadets 144 P
Crew & Instructor 36 P
Total Person 180 P

ar s #

l.J.hl."r-I‘J QoRl
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g duistn AG5A utEs 20499 SHAYS SAY 8 2w
22 20059 129 STX ShipyardZF-E <1<
st aol A 24 oﬂ ‘E}(ol%%‘— S, 2014). ¥tz o] Aldd dE o

&Y
O,

Table 343} Zt}.

Table 3.4 General description of Hanbada

Ship’s Name Hanbada
Type of Ship Training ship
Gross Tonnage 6,686 ton
LOA / LBP 117.200 m / 104.000 m
Breadth(MLD.) 17.80 m
Full Loaded Draft(EXT.) 5915 m

Displacement at Full Loaded Draft

6,434.300 ton

Light Weight

3,798.600 ton

Main Engine(Diesel)

8,130 BHP x 176 RPM

Speed(MAX.) 19.08 knots

Date of Launch 2005. 4. 20
Cadets 204 P
Crew & Instructor 42 P
Total Person 246 P
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Aube ALY ANAALE A% YAE S AP} AR 23
FEE FE S Bk Aue i) Fol B AWS AW, G2 AYY
of A WA B AHE AHE Shu, FA) AL BABY B A FA
& 23 Qe v P F B ASR A% Beld FFstelo s, RAPY
Hut zFe U YAAE BANAL A% e P2 Uy AR olojd
S1e.

webA A 2 Zol AAE 47FA] AF T AAGAF AL S vlR o2 FE 4,000
~ 6,000=F oA A3 F IAAA ALFS AU 18 AR A3 FeS
Hhgto 2 A AEbE 43 vl FA4351e], A4 2ol fAM 2 A3 F A

ZF 10% v 7 S5

d

o 5
321 A7 ol9A=5 9 HAHAZ A4t

A7 otdWET ] YAGE S TS FARRE BEIQl A3 EHi= Table 359 #th.
A7 otdWEST O A3 F RS HlwEtr] $18ke] Trim & Stability Booklet
of AMAE HARE FE3AUI, H]FF2 5181.683MT, FFEFE= 4.103m, GoM>
1.629mo]| t}.

BN
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Table 3.5 Sailing state of SK Island in lightship condition

Draft at F.P 3.778 m |KMT 11.828 m
Draft at M.S. 4084 m |KG(Solid) 10199 m
Draft at A.P 4390 m |GM(Solid) 1.629 m
Trim Free Surf. Corr.
(- : By the stern) 0612 m (GGo) 0000 m
GoM(Fluid) 1.629 m
Displacement(A) 5181.683 MT |KGo Actual(Fluid) 10199 m
Draft at LCF 4103 m |Free Surf. Moment 0.000 t-m
(Deq)
LCB from M.S. -1.409 m |MTC 100.746 t-m
LCG from MS. -2599 m |LCF from M.S. -3.114 m

Trim & Stability Bookletol| A:= 297}A| ¢] Full Load Condition= A3l It
KGoeoll st 4% Ax = - A3 B ZHZF 9.235m, 9.937me]il, Full
Load Condition®] ™3F KGo% H+#2 9.587mo|tt. A3 e 2] KGoe= 10.199m=E,
73Sl Al FAS Al 0] Full Load Condition B¢ FAIFA R 0.612m 453 2

ox BAHET.

GoMoll et &A% A3 =39 A9 H 1.670m, =29 49 B 1.264m
©]a1, Full Load Condition®] ¥+ GoM-< 1459m= 7313 el ol 42 GoM(1.629m)
Hot 0170m=E ¥ 22 Zo g2 453, o= Full Load Conditionol4l &9
w2 KMT(E o 11.046m)7} 738k 52 KMT(11.828m) Xt} HI & YA $]X] = o
JE olFE BT

A7 otdMNET Y AedHdA A3 T IAAAES Ast] A% AReE
Table 3.63% 2T} &= (Keel)2 Eh(Rudder ZHE 0352m ol o
15.0 knots(7.717m/s), A3 H73

ol
ol
o
ML
e
o
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(Radius of turning circle)> 254.575mE 4 -&3}3th.

Table 3.6 Data for calculation of turning heel angle of SK Island in lightship condition

Item Result Explanation
Displacement(A) 5181.683 MT
Deq 4103 m
KGo 10.199 m
GoM 1.629 m
BM 9.511 m

Rudder height : 3.52m

VGC 8.087 m
Rudder to keel : 0.352m
Radius(R) 254.575 m R= 2.5 XL
Drift Angle(/) 5.928 Deg | 8= sin '(LGP/R)
Rudder(d) 35.000 Deg
LGP 26.290 m LGP = ¥ x LGC
Midship - AP : 50.915 m
LGC 48.316 m

LCG = - 2.599m

Radius of gyration of yawing(k) 35.641 m k= 0.35 <L

Speed(V) 7717 m/s | 15.0knots

LBP(L) 101.830 m

M7 oldREZE A A3 T FAA AN e ALt AR Ads

Table. 3.73 Zt} IMO B4 As71= % al

< 3353%, IMO 594 Ae7lE A8 & 734 Ha Aty w
J 2] o]

6.718%, A4 A3 5 &AL ol &
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N
1o
o2
o,
1>
5\

AL o] 22lol A A4 A ghe IMO 99X HeriE A3 F #

ek A3 F IAFAZ HAhS 6.6975011, 471A] A3 F B AA A4k 2] A4t
A3, A7 oldA=s = A3 F FAFAL 105 1T 7[FE S5

Ny

Table 3.7 Calculation results of SK Island’s heeling angle in turning

Seokyung Island Lightship Condition
GoM 1.629m Speed 15.0 Knots | Radius 254.575 m
IMO E.—%J"é_ IMO %%‘3‘ ] Hzhe 79
7= A3 7= A3 CRCEa S A8 = -
T AAA | T AN AY | SIAA GIBA | T e
A4 A4
3.353% 6.718= 6.587% 6.768 =
- 29 -
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322 A7 veitie| 2z el ARZAZ ALt

A7 hgbtko]l 25 9] Trim & Stability Bookletoll #|A|E 7333 el = Table 3.8%
Zow wjHS 5688.540MT, AEEFE 4.224m, GoM-E& 2.136mo|th.

Table 3.8 Sailing state of SK Paradise in lightship condition

Draft at F.P 3.059 m |KMT 12177 m
Draft at M.S. 4137 m |KG(Solid) 10.041 m
Draft at A.P 5215 m [GM(Solid) 2136 m
Trim Free Surf. Corr.
(- : By the stern) -2156 m (GGo) 0.000 m
GoM (Fluid) 2136 m
Displacement(A) 5,688.540 MT |KGo Actual(Fluid) 10.041 m
Draft at LCF 4224 m |Free Surf. Moment 0.000 t-m
(Deq)
LCB from M.S. 2254 m |MTC 96.437 t-m
LCG from M.S. 5910 m |LCF from MS. 4965 m

Trim & Stability Bookletol 4]+= 367F22] Full Load Conditione A|Alstal )T
KGooll tisted 43 Ax = - Ao Hd2> 242 9.167m, 9.972me]il, Full
Load Condition®] ™3 KGo2 ¥ 9.569mo|th. Z3HdEl 2] KGow= 10.04Im=E

7N Al FASA o] Full Load Condition ¥+ FAFART 0472m 353 A
o= #4494

GoMell thete] 43 A3} &3] 3¢ H 2575m, =32 3¢ HT 1.913m
©]al, Full Load Condition® &+ GoM-< 2233mE 73}/ ol A< GoM(2 136m)
BT 0.097m T =2 Ao=Z EAHET o] Full Load Conditionol| A &5 WM&
KMT(3 # 11.803m)7} 74 3] 4= 4 KMT(12177m)E o} B2 XA 91x]s17] &
o2 FAMHEG
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M7 dhettpol 2z o] e dElolM A3 F A AN S 8717 A% A
S Table 3.99 2t} &2 Bl o €9 25E 0497m shdel 3low, & =
ol 3.28molth A& HA &9 19.0 knots(9.774m/s), A3WAH L 307.5mE 4
gahsint.

Table 3.9 Data for calculation of turning heel angle of SK Paradise in lightship condition

Item Result Explanation

Displacement(A) 5,688.540 MT

Deq 4224 m

KGo 10.041 m

GoM 2136 m

BM 9.805 m

Rudder height : 3.28m

VGC 7904 m

Rudder to keel : 0.497m

Radius(R) 307.500 m R= 2.5 XL

Drift Angle(03) 6.224 Deg | = sin '(LGP/R)

Rudder(d) 35.000 Deg

LGP 33339 m |LGP = K x LGC

Midship - AP : 61.50 m

LGC 55.590 m

LCG = - 5910m

Radius of gyration of yawing(k) 43.050 m k= 0.35<L

Speed(V) 9.774 m/s | 19.0knots

LBP(L) 123 m

A7 ggttol 235 E 471A A3
Table 3.10% Zth IMO B4 A
IMO B4 Ade7+ A3 S AZA °2d A

FAA ARG Ag3e] AN Aze

=
K3

-
[e)
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Table 3.10 Calculation results of SK Paradise’s heeling angle in turning

Lightship Condition

307.500 m

Radius

6.697%

19.0 Knots

Seokyung Paradise

Speed

6.495%

2.136m

6.623%

GoM

IMO E94

3.306 =
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Table 3.11 Sailing state of Hanwoori in lightship condition

Draft at F.P 1439 m |KMT 9112 m
Draft at M.S. 3.275 m |KG(Solid) 6.870 m
Draft at A.P 5112 m [GM(Solid) 2242 m
Eri:mBy the stern) QAR ?éeéo)Surf. corr 0.000 m
GoM(Fluid) 2242 m
Displacement(A) 2,090.900 MT |KGo Actual(Fluid) 6.870 m
Draft at LCF 3.457 m | Free Surf. Moment 0.000 t-m
(Deq)
LCB from M.S. -6.763 m |MTC 40.700 t-m
LCG from M.S. -6.544 m |LCF from M.S. -7270 m

Trim & Stability Booklet]l 67}A¢] Loading Conditione A|Alstal ¢lomH,
Ballast Condition®.2 &%, %3t Y&, Cadets on board Condition®.Z &%, %
bt Aol thste 67kA 2 AAIStL Jot KGoel tidte] Loading Conditions
A% A3 6.023meola, 33 EIS] KGow 6.870m= Loading Condition®.t} 73 3}
FEIA FASAIC] 0.847m s Aoz BAFHAT Loading Condition?] GoM
of tisted B4 A HAHE 2128m=E A3PFHOA Q] GoM(2.242m) K.t}
0114m o @& Aoz BT o]& 6714 Loading Conditionol| 4] Draftell w
2 KMT(8.157m)7} Zdshii4=22] KMT(9.112m)Eth Hlwz @A X% e o

:E:,F{II
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Table 3.12 Data for calculation of turning heel angle of Hanwoori in lightship condition

Item Result Explanation
Displacement(A) 2,090.900 MT
Deq 3457 m
KGo 6.870 m
GoM 2242 m
BM 12.765 m
Rudder height : 4.00m
VGC 471 m .
Base line to keel : 0.16m
Radius(R) 200.000 m R=25XL
Drift Angle(0) 6.729 Deg | = sin '(LGP/R)
Rudder(d) 35.000 Deg
LGP 23434 m |LGP = K x LGC
Midship - AP : 40.00 m
LGC 33.456 m
LCG = - 6.544m
Radius of gyration of yawing(k) 28.000 m k=10.35x< L
Speed(V) 8.746 m/s | 17.0knots
LBP(L) 80.000 m
P 5 E HA A8 7 A A S AEste] ALt A= Table 3.13
I 2o IMO 54 457IE A% T 3734 Akl mE FAAE 2513
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Table 3.13 Calculation results of Hanwoori’s heeling angle in turning

Lightship Condition

200.00 m

Radius

4.670%=

17.0 Knots

Hanwoori

Speed

4.795%

2.242m

éﬂ_o
o —~
%%AM

e JwA:O 5.0

5301%
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324 AFA s JAAZ ALt

FEsl st A SutthEol Ash S 23 el Table 3148 2o,
H &2 3,798.600MT, F3 &+ 3.986m, GoM< 0.777m°| th.

Table 3.14 Sailing state of Hanbada in lightship condition

Draft at F.P 2393 m |KMT 9477 m
Draft at M.S. 3.943 m |[KG(Solid) 8.700 m
Draft at AP 5492 m |GM(Solid) 0.777 m
Trim Free Surf. Corr.
(- : By the stern) -3.099 m (GGo) 0.000 m
GoM(Fluid) 0.777 m
Displacement(A) 3,798.600 MT |KGo Actual(Fluid) 8700 m
Draft at LCF 3986 m |Free Surf. Moment 0.000 t-m
(Deq)
LCB from M.S. 1.285 m |MTC 54.600 t-m
LCG from M. -3.948 m |LCF from M.S. -0.944 m

Trim & Stability Booklet]l 57}2] 2] Loading Conditions A|AlstaL o, A7
ofdAME=ET Y A7 deitpol s o= 2 ARf LW o] et Full Loaded,
1/3 Consumed, 2/3 Consumed, 3/4 Consumed, 90% Consumed®} Zo] 57}X &
A A8 AT Loading Condition®] GoMoll tiste] #2413 A3 P 3k 1.472m
sl ol A2 GoM(0.777m)Eth 0.695m T ¥ Aoz EAE QL
duttrse] A3 F FAA A= HEA717] A A5 Table 3159 2
§E2 7M1 27 0400m sPEol glem, B Eol& 490moltt. A& Hi £
19.083 knots(9.817 m/s), A 3942 260.0mE 2 &3ttt
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Table 3.15 Data for calculation of turning heel angle of Hanbada in lightship condition

Item Result Explanation
Displacement(A) 3798.600 MT
Deq 3986 m
KGo 8.700 m
GoM 0.777 m
BM 6.452 m
Rudder height : 4.90m
VGC 5500 m
Baseline to keel : 0.40m
Radius(R) 260.000 - m R=25XL
Drift Angle(3) 6.089 Deg | = sin '(LGP/R)
Rudder(d) 35.000 Deg
LGP 27573 m | LGP = K < LGC
Midship - AP : 52.00 m
LGC 48.052 m

LCG = - 3.948m

Radius of gyration of yawing(k) 36.400 m k=0.35x< L

Speed(V) 9.817 m/s | 19.083knots

LBP(L) 104.000 m

Aol deloll A nlttar) 471R] A8 F AAHA A4S A &35t ALkeE Ax)

Table 3.163 Zt} IMO E94 As7|= 4135 5 3

2 9206%, IMO E9A Ader|E A3 5 AA4A HY Aldbd o] mE 37 ALZE
73

8.661%, A4 A3 T WAL o224 ol o3t AAFALL 174375, HZS

o W ofo N ff
—
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Table 3.16 Calculation results of Hanbada’s heeling angle in turning

Collection @ kmou

Hanbada Lightship Condition

GoM 0.777m Speed 19.1 Knots | Radius 260.00 m
IMO E.—%J*é_ IMO %%*&‘_ . Hzre s

5% A8 | A%E A8 | Ay He F e =
F AAA | T WA AY | STAA CIBA | oy Jan
A2 A4k e o

9.206 = 18.661% 17.437% 15.440=
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sHATH

At de ol A 429 i Adute] A3 T FAAA ] tg FAEA 21E 9y
o] e AT AElolH, Bt 355 A, FA A mE THF=Y olFo] it
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IMO B4 Ae7]FdA 273k H2A GoM 0.150mo|th. GoMe| H3s}o|| o}
& A3 T FAALES Adstr] feke] did Aduk 480 4 GoM 0.150m ©] %
FEH 3.00m7HA 0.05m @ E FAE dEst FAALES ALEIAT o AR
3 Aol AAE Hy &I Asubge Aduk dojol 25819 Fhe AMESIATH
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Fig. 3.1 Numerical analysis results on the heeling angle formula during
turning of passenger ship based on IMO stability criteria(GoM)

A4t AxE BlgEOZ GoM 0.50m, 0.75m, 1.00m, A3 % QAL 10= vt
71%, At GHAAE 1Hd B ALAAL 6.665 W Tro] tste] EAT A=
Table 3173 2T}

GoM 0.50m%¥ W 3] T JAAAS A7 ofdWESE 6.089%, A7 Iettto]
25E 17288%, 37 =
0.75m¥ W A3 F JAAAS AA oldAETE 41675, A FAgttol 2S5 =
11.125%, f‘&—%ﬂi-& 9.737%, 3HIEE 61525% EAFHAT GoM 1.00mY w)
A3 F AAANZGS A7 oldAWET = 32085, A HEttio]l 2T E 8.0% %, ¢
Yoe 70115, 3OS 474352 4530

A3 F AL 105 15 7ES 53] A GoM2 A4 oldAEs =
0.300m, A7 dettto]l=E+= 0.850m, -2 Z= 0.700m, HHITHE = 0.450m ©]F

= fFAsoF He Aoz E45HAH.
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Table 3.17 Numerical analysis on the heeling angle formula during turning of
passenger ship based on IMO stability criteria(GoM)

ITEM SK Island | SK Paradise | Hanwoori Hanbada
Speed (m/s) 7.717 9.774 8.746 9.871
Radius (m) 254.575 307.500 200.000 260.000
GoM 0.50m (Deg) 6.089 17.288 15.262 8.981
GoM 0.75m (Deg) 4167 11.125 9.737 6.152
GoM 1.00m (Deg) 3.208 8.096 7.011 4.743
GoM (m),

0.300 0.850 0.700 0.450
(Less than 10°)
GoM (m),

0.450 1.200 1.050 0.700
(Less than 6.66°)

2) IMO 544 As7iE A8 5 JBA WiE A4(GoM)
IMO 544 4%7l% 413 5 44 |y A= H83t

3 2 of i Adutel] A4t
gt A= Fig. 329 2t} o] Alaka e At A3 A7F oldWEZSE GoM 0.200m
74A], el Eel T EE GoM 0250m7bA, A7 dEtthol =%
Radiangko]l 1& Z3H3tod(—1 <sinf < 1) &% DegreeZ E o] HZ
GoM 0.350m*-E Al4ts +3 sttt

0.300m7}A]
7] wl&ol

2 rlr
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Fig. 3.2 Numerical analysis results on the modified heeling angle formula
during turning of passenger ship based on IMO stability criteria(GoM)

AAX AFE vl E GoM 0.50m, 0.75m, 1.00m, A3 = IAHAZ 10= w9k
71, AU IR AAE 2H3 G AL} 6.66% wTke] Ulste] A4S A=
Table 3.183 Zt}.

GoM 0.50m¢¥ W M3 F FAAZS A ofdAMET = 257205, A7 ettt
o] AFE 36467%, FLETE 31.768%, FHHITEE 3118252 EAHAT GoM
0.75m%¥ ol A3 F JAAAS A7 oldAWESTE 163515, A7 Feitiol 25 &
2269%, o= 197705, TS E 194052 EAFHATE GoM 1.00m¥Y
ul A3 F AAALE A7 oldAEdE 11.846%, A7 FEttol2EE 16.359%,
S49E I 14130%, e E 1390752 45 AT

rlo

A3 T AAAZL 10 v 71ES $53517] A% GoM #HoZ M7 oldUWES
£ 1.150m, A7 dgho]2F = 1.550m, -8l s 9} it s 1.350m oS &
RHajjof HlE Ao g BAEQTH

A gAAZ uH3 A AW AA 6665 TS F=317] 93 GoM #o
2 AR olYAETE 1650m, A7 TEttho] 2T E 2150m, Ff-EEe} Fuitts

= 1.850m °]3S FAEoF IMO H9A4 A7l AAE A8 F FAAFAZ 10
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Table 3.18 Numerical analysis on the modified heeling angle formula during
turning of passenger ship based on IMO stability criteria(GoM)

ITEM SK Island SK Paradise Hanwoori Hanbada
Speed (m/s) 7.717 9.774 8.746 9.871
Radius (m) 254.575 307.500 200.000 260.000
GoM 0.50m (Deg) 25.720 36.467 31.768 31.182
GoM 0.75m (Deg) 16.351 22.699 19.770 19.440
GoM 1.00m (Deg) 11.846 16.359 14.130 13.907
GoM (m),

1.150 1.550 1.350 1.350
(Less than 10°)
GoM (m),

1.650 2.150 1.850 1.850
(Less than 6.66°)

§3te] GoMell tiste] A

1%

B A8 F AN ol 24 L 4He) ik Mo 2
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Fig. 3.3 Numerical analysis results on the heeling angle formula in steady
turning(GoM)
At A3 HECE GoM 0.50m, 0.75m, 1.00m, A3 F AAAZ 10= 7|
715, A PAAE R A B AA 6.66= PRkl thste] EA3 A
Table 3.199} T},

o
=

rr

GoM 0.50m¢¥ W M3 F FAAZAS A oldAMET = 232745, A7 ettt
ol2TE 30543%, ST T 271145, TS E 26978=F B4 H AT GoM
0.75m%¥ ol A3 F JAAAS A7 oldAWESE 155785, A7 Feitio]l 25 &
20947%, 95 E 18178%, FHIIEE 18.0955 8 EAHUTE GoM 1.00m<¥
gl A3 F AAALE A7 oldUEdE 114825, A7 Fettol A& = 155985,
el 5= 133065, TS = 132582 A4 HUTH

A3 F FAAZL 105 AT 71ES T5317] 2% GoM #e A7 oldAEs =
1.150m, A7 Feitio] 25 & 1.500m, $9-2lset s E 1.300m o]do] 8+
He zlo® EAHATH

Ao P AAE 1HT A AYAA 6.66% PINHE T3] Y% GoM #he
2 A7 ofdWESE 1.650m, A7 Fgtto]~EE 2100m, S} nits
1.800m ©]d& FASHoF IMO E94 A7z AAE A8 T 444 10
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Table 3.19 Numerical analysis results on the heeling angle formula in steady

turning(GoM)

ITEM SK Island SK Paradise Hanwoori Hanbada
Speed (m/s) 7.717 9.774 8.746 9.871
Radius (m) 254.575 307.500 200.000 260.000
GoM 0.50m (Deg) 23.274 30.543 27114 26.978
GoM 0.75m (Deg) 15.578 20.947 18.178 18.095
GoM 1.00m (Deg) 11.482 15.598 13.306 13.258
GoM (m),

1.150 1.500 1.300 1.300
(Less than 10°)
GoM (m),

1.650 2.100 1.800 1.800
(Less than 6.66°)

59%, /H?é vtk
< 1H

Rl

= 675, OIS E 6157 ALEAT w7
A3 F QR AA o|24 S FH g3t GoMoll tiste] A4t A= Fig 349 2T
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Fig. 3.4 Numerical analysis results on formula of heeling angle taken
account of drift angle in steady turning(GoM)

AA AFE viEF S EZ GoM 0.50m, 0.75m, 1.00m, A3 = A A 10= =19 7]

F, A gWAAE 1E3 A WA AL 6.66% TlFke] st EASE Ail=
Table 3.203} Zt}.

rlo

GoM 0.50m¢¥ W M3 F FAAZS A ofdAMET = 259505, A3 ettt
o] AT E 36966%, T¢-EFTE 30.005%, FHICIEE 2575722 EAHAUT GoM
0.75m%¥ ol A3 F JAAAS A7 oldAWETE 164885, A7 Feittol 25 +=
2979%, F¢YIE 18691%, FHIITE 1609158 EAHATE GoM 1.00m<¥
) A3 F FAAALE A oldUEdE 1194025, A7 FEttol A5 = 165545,
9B I 133365, TS E 1144852 45 QUTh

A3 F AAZAL 102 vgk 7]EE F5317] Y% GoM2 A7 ol =T =
1.200m, A7 Sgttol A5 = 1.550m, 98 &+ 1.300m, g EE 1.150m ©) 4
o] QTHE = Ao g EAEUT

MN

H) ARAAS 1H3 A RAA 6665 TS =357 YT GoMS A
74 oldA:WEIZTE 1.650m, A7 HEttho]l ~2FE 2.150m, 3+9EEE 1.750mef e
O E= 1.550m ]S FAsoF IMO BY4 A7l AAE A3 T AAAZ
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Table 3.20

Z

umerical analysis results on formula of heeling angle taken account of
drift angle in steady turning(GoM)

ITEM SK Island SK Paradise Hanwoori Hanbada
Speed (m/s) 7.717 9.774 8.746 9.871
Radius (m) 254.575 307.500 200.000 260.000
GoM 0.50m (Deg) 25.950 36.966 30.005 25.757
GoM 0.75m (Deg) 16.488 22.979 18.691 16.091
GoM 1.00m (Deg) 11.942 16.554 13.336 11.448
GoM (m),

1.200 1.550 1.300 1.150
(Less than 10°)
GoM (m),

1.650 2.150 1.750 1.550
(Less than 6.66°)

332 A& @& JAF A ALt

47EA A3 T FAA Aol B e F A3 £9 19.08knots?] FHIHE S
A3l A& (Speed) #h= 5.0m/s ©|FFE 10.0m/s7A 0.1m/s ©HE FTAE
deEste] A3 F IAALE AEAG o] W o4 Auke] Trim & Stability
Bookletell A|AIE 7 Eoll A2l GoM gholw, A3|uba & Au} Zdolef 25u]9
< HE3AT A&l o2 JAFAZ AL AF= Fig. 35 ~ 387 2o, XFL2

1) IMO B4 d57lE A3 5 FAA AL

< B3 AxtA ol whet g Adutell 288k A
4 A= Fig. 3.59 2ok tid Ad 439 FAA HUge A4 19.4knots
(10.0m/s)oll Al YeEbtom, A% ofd = 5.637%, A7 dEtthol 2T = 3.460
T, 98l e 3.287%, FHlHtE = 95555 % A4EE AT
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Fig. 3.6 Numerical analysis results on the modified heeling angle formula
during turning of passenger ship based on IMO stability criteria(Speed)

Lo O FAAZY M35 Z IAAA

Axr A nigro g i Aud Ho
t A= R g R e R o B TR I R o

2 10= vvt 7%, AW B AAE
4% A3 Table 3213 Zth

r e

g Adubd Ha A&5e HEste AlLkd AT AMAH ofdWETS 66895, A7
getho]l 2% 6.658%, -2 E 4979% 181 T 189892 AlA+E AT

A3 F FAAT 105 " 71ES SF3] HElME MA oldUWESE
18.3knots(9.4m/s), HHIT} S = 14.knots(7.2m/s) ©|3tE fFAIStA ok s, oz o
2 GoMo] 2.0m o)/de FHI A7 dHErho] 29 T2+ 19.4knots(10.0m/s)
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Hol A AE 18T AL AYAA 6.66% HITHE FF3H7] A A ol
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Table 3.21 Numerical analysis on the modified heeling angle formula during
turning of passenger ship based on IMO stability criteria(Speed)

ITEM SK Island SK Paradise Hanwoori Hanbada
GoM(m) 1.629 2136 2.242 0.777
Radius (m) 254.575 307.500 200.000 260.000
Angle of heel (°) 6.689 6.658 4979 18.989
(Max. Speed) (7.7 m/s) (9.8 m/s) (8.7 m/s) (9.9 m/s)
Speed ,
p (m/s) 94 - - 7.2
(Less than 10°)
Speed ,
p (m/s) 7.6 9.8 - 5.9
(Less than 6.66°)
3) B A3 F AL o] &4
A A3 F dWAAF o2& ALt Aol tigk A4t A= Fig. 3.7
Fda=g
4 d3] = A H AL OIE Al(Speed)
20 T T T T T T T T
—+—SK ISLAND | | } | | |
181 —=—SK PARADISE| - - - - - S5 < a4~ Py - - - - - -z
—o—HANWOORI | | | | | | v-a
16} = HANBADA f----- - - - - S - R EEEEE R P T - - - -

Fig. 3.7 Numerical analysis results on the heeling angle formula in steady
turning(Speed)
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g Abd Ha A4S F83te A4E A3 AA oldWEDT 65595, A7
geit}o]l ~& 65285, 348 & 4.745% 18]l T E 1771452 A4E AT
A3 F FAAL 102 v§E 7Es 8] fdAe AA olddE=EsE
s) ©]3}, gtz = 14.2knots(7.3m/s) ©lsk7t Bosta, A7 vt
gol2359t eglae HW 194knots(10.0m/s)NAE 7Es T3t AL

Aol B AAE nEe B ALAA 6665 HIRHS T3] A A o)
A== 15.0knots(7.7m/s) ©lst, A7 detrtol 2T = 19.0knots(9.8m/s) ©ls}, 7
83+ 19.4knots(10.0m/s) ©]3}, 1S = 11.5knots(5.9m/s) ©|3tell Al IMO &
A Ae7lEdd AAE A3 F AAAL 10= HtE S5 Aoz 459

e

Table 3.22 Numerical analysis on the heeling angle formula in steady turning(Speed)

ITEM SK Island SK Paradise Hanwoori Hanbada
GoM(m) 1.629 2.136 2.242 0.777
Radius (m) 254.575 307.500 200.000 260.000
Angle of heel (°) 6.559 6.528 4.745 17.714
(Max. Speed) (7.7 m/s) (9.8 m/s) (8.7 m/s) (9.9 m/s)
Speed ,

peed (m/s) 95 ; ; 73
(Less than 10°)

Speed ,

peed (m/s) 77 9.8 ; 5.9
(Less than 10°)
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Fig. 3.8 Numerical analysis results on formula of heeling angle taken account

of drift angle in steady turning(Speed)
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Table 3.23 Numerical analysis on formula of heeling angle taken account of drift
angle in steady turning(Speed)

ITEM SK Island SK Paradise Hanwoori Hanbada
GoM(m) 1.629 2.136 2.242 0.777
Speed (m/s) 7.717 9.774 8.746 9.871
Angle of heel (°) 6.739 6.733 4.621 15.708
(Max. Speed) (7.7 m/s) (9.8 m/s) (8.7 m/s) (9.9 m/s)
Speed ,

peed (m/s) 93 ; ] 7.9
(Less than 10°)

Speed ,

peed (m/s) 7.6 9.7 - 6.4
(Less than 6.66°)

3.3.3. &£AH) o) & AAHAZ A4t

Ay A8k 42 o] FslAelel Ao LAn| o tist
SHETH IMO B4 As7lE A8 T A W3 A
o2, HZ4E Ed A5 T WAL o] 22l djsle] Uwtk XHlEo]

A
GoM< 133t 0.50m, 0.75m, 1.00mol th3te] <=

Og{:",
2
9
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Fig. 3.9 Numerical analysis results on the modified heeling angle formula during

Speed length
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Fig. 3.11 Numerical analysis results on the formula of heeling angle taken

account of drift angle in steady turning(Speed length ratio)
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Fig. 3.12 Numerical analysis results on the modified heeling angle formula
during turning of passenger ship based on IMO stability criteria

(Speed length ratio)
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Fig. 3.13 Numerical analysis results on the heeling angle formula in steady
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Fig. 3.14 Numerical analysis results on the formula of heeling angle taken

account of drift angle in steady turning(Speed length ratio)
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Fig. 3.15 Numerical analysis results on the modified heeling angle formula

during turning of passenger ship based on IMO stability criteria
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Fig. 3.16 Numerical analysis results on the heeling angle formula in steady

turning(Speed length ratio)
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Fig. 3.17 Numerical analysis results on formula of heeling angle taken account of

drift angle in steady turning(Speed length ratio)

Fig. 3.9 ~ 3173 #Zo] XA otdW =59} A7F detrpol =T = FARE JAA
e dEZE Usde o, el dntse A4 oldAE=T 9 A
gejtfo]l 25 o HlEte] B AAHAZLO 2 YEhdth IMO B94 AsE 34
1y A E KGo#t, A4 A3 5 ALA AR o242 BG#, #4S 1
3] F WAL o] &4l = VGCO A&k Afolel o3 Rog RBAHM
& Table 3249} #t}.

Table 3.24 Applicated value for 3 calculation of heeling angle in turning(Speed length ratio)

ITEM SK Island SK Paradise Hanwoori Hanbada
GoM KGo (m) 11.328 11.677 8.977 8.612
BG (m) 9.014 9.306 6.561 6.729
0-50m VGC (m) 9.216 9.540 6.452 5.777
GoM KGo (m) 11.078 11.427 8.362 8.727
0.75m BG (m) 8.760 9.056 6.311 6.479
VGC (m) 8.966 9.290 5.527 6.202
GoM KGo (m) 10.828 11.177 8.112 8.477
BG (m) 8.510 8.806 6.601 6.229
1.00m VGC (m) 8.716 9.040 5.952 5.277
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Table 4.1 Weather and sea state of experimental condition of Hanwoori

Date 2014. 6. 6 Position 5" off SW from Gal-do

Rel. Wind True Wind

Weather Sea . . Temp. Depth
Dir./Speed Dir./Speed

bc calm sea | WSW/12(kts) | SE / 6(kts) 235C 50(m)

ot
Rl
~
<
%
rr

A B85 wlaES 3150.786MT, 4.614me] A9
9] d3Fo =z 213 GGox 0.496m, GoME 1.940mo| o, 314 e
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Table 4.2 Sailing state of experimental condition of Hanwoori

Draft at F.P 431 m |KMT 8019 m
Draft at M.S. 465 m |KG(Solid) 5584 m
Draft at A.P 498 m |GM(Solid) 2436 m
Trim Free Surf. Corr.

-0.67 m 0496 m
(- : By the stern) (GGo)

GoM(Fluid) 1940 m

Displacement(A) 3,150.786 MT |KGo Actual(Fluid) 6.080 m
Draft at LCF

4614 m |[Free Surf. Moment 3604.185 t-m
(Deq)
LCB from M.S. -1.629 m |LCF from MS. 4393 m

412 Ag A7

AEA 95 A3 F HAAA AR T B AR Y 355, Y BEE F
28] 3o, 243 A= Fig 41 ~ 449 2o wl$FL 3,150.786MT, GoM
< 1.94mollA B 3 3B5=E AASAT. A3 F AL 85knots(4.351m/s)
M A3 129.6m=2 SAEHAT. Hd AL FAE HE 6052 FAHHAUCH,
A Wt @S HF 221%0lth =3 B} HA 3BE AA T M F HEHS
7.6knots(3.885m/s) 0.1, A3 99.0m=Z SAHFH AT Hdl IPAA 3 4.0
5, AN B 32 3 1.76=0lt &9 EE GoM 1.94moll 4] Maneuvering
Full ahead A ElolA %3 3552 AEE AHgstox A3 F IAAAZL 105 7
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Fig. 4.1 Results of heeling ahgle and radius of Hanwoori (STBD 35)
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Fig. 4.2 Results of heeling angle and radius of Hanwoori (PORT 35)
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)= 3.920m, LGC(FAITAFH Be47tA S8 72])= 37.037mo|

Table 4.3 Data for calculation of common experimental condition of Hanwoori

in turning
Item Value Explanation

Displacement(A) 3,150.786 MT
Deq 4614 m
KGo 6.080 m
GoM 1.940 m
BM 5374 m

Rudder height : 4.00m
VGC 3.920 m

Baseline to keel : 0.16m
LGP 21168 m | LGP =k /LGC

Midship - AP : 40.00 m
LGC 37.037 m

LCG = - 2.963m
Radius of gyration of yawing(k) 28.000 m | k=035x L
LBP(L) 80.000 m

Table 44+ XE} A& W& M3, H7, A4S SA AR50tk 98 35
To A% AIAd-e 129.6m, HZ-E 9.398%, A< 85knots(4.351m/s) 2 = =
At #HA BEE AAGAS wW AITEE 99.0m, WS 12346 A&
7.6knots(3.885m/s) 2 =4 = 3t}
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Table 4.4 Data for calculation of additional experimental condition of Hanwoori

in turning(Rudder order)
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Table 4.5 Calculation results of turning heel angle of Hanwoori(Rudder order)
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42 AEAd dhgs AA A9
421 Ad N8

FIAFUSL AeH FroEs

20158 = 119 30 Fab &@ F2olA
Navigation Full Ahead " EiellAl & B}2} 35%, Maneuvering Full Ahead

A HE B 35S AAEe W BAAS] HEE dIsn. B3 s A
Bl ¥ 7] AEl= Table 463 # T

Table 4.6 Weather and sea state of experimental condition of Hanbada

Date 2015.11.30 Position Near Busan port

Rel. Wind True Wind
Weather Sea . . Temp. | Current | Depth
Dir./Speed Dir./Speed

bc calm sea | E / 7~8(kts) | NE / 5~7(kts) 13 East | 100(m)

2 5,544 9MT, FE ST+ 5.268m, KMT+

3o &2 913 GGo= 0.650m, GoM2 1.169me] o™, &34 E)

o
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Table 4.7 Sailing state of experimental condition of Hanbada

Draft at F.P 253 m |KMT 8834 m

Draft at M.S. 517 m |KG(Solid) 7015 m

Draft at A.P 580 m |GM(Solid) 1.819 m

Trim Free Surf. Corr.

(- : By the stern) 127 m (GGo) 0650 m
GoM(Fluid) 1169 m

Displacement(A) 55449 MT |KGo Actual(Fluid) 7.665 m

Draft at LCF 5268 m |Free Surf. Moment 3604.185 t-m

(Deq)

LCB from M.S. 0566 m |[LCF from M.S. -3.074 m

422 Ay A3

AH5A sttt se] A3 F 374 A% S5 Navigation Full Ahead “FEfol A E}
+ %3 35%, Maneuvering Full Ahead E|JA 3 3Bv5E=2 FP=AoH, 47
A= Fig. 43 ~ 449 2ot v 554.9MT, GoM2 1.169m “FejolA E -
d BER AASIAT A3 F A& 9.8knots(5.064m/s)ol H o, AA3|HHE S
2498m= ZAEHAT. A LA HF 7052E SAHASH, LA H
< HF 3256558 FAHUG. =IF B HY BEE AN F I F AL
7.8knots(4.032m/s)o] o™, A3HtAE 2 221.7mE SAHEHAG. Hd WA AE §
d 335, YAA B 194150t} HHSEE GoM 1.169m, Navigation

N

Full Ahead “JEfelA El= 93 35%, Maneuvering Full Ahead JElolA #H3 35
T AEE AMEstE A3 F JAA 105 1R 7lEs S5Fs3th
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Fig. 4.3 Results of heeling angle and radius of Hanbada in turning(STBD 35)
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Table 4.8 Data for calculation of common experimental condition of Hanbada

in turning
Item Value Explanation

Displacement(A) 5544900 MT
Deq 5268 m
KGo 7.665 m
GoM 1169 m
BM 5834 m

Rudder height : 4.90m
VGC 4465 m

Baseline to keel : 0.40m
LGP 2609 m | LGP = k*/LGC

Midship - AP : 52.00 m
LGC 50.772 m

LCG = - 1.228m
Radius of gyration of yawing(k) 36400 m k=0.35x L
LBP(L) 104.000 m

Table 49+ HE} Abgo w2 A3Nbd, Az, A A3 F A%
olty. & 3559 B¢ AMI¥rAE 249.8m, W7 9

(5.064m/s)= ZAEHJH. HA 35
6.760%, <2 7.8knots(4.032m/s)

b b
I
o
i
30
o
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Table 4.9 Data for calculation of additional experimental condition of Hanbada
in turning(Rudder order)

Item STBD 35 PORT 35
Radius(R, m) 249.8 221.7
Drift Angle(3, Deg) 5.997 6.760
Speed(V, m/s) 5.064 4.032

AGA nigse] Ad GA] SAHH FAAS 471A] A5 T AAA A4 9
A4 Az} Bl Table 4107 2t IMO EUA A%71E 3AAF Axk2loA H4 3
) o) 12775, H& 3559 W 0.77150])1, HYgS & 3559 A

|

% IAAL 32555, AF A} 0825 ztols yehlon, Hd 3BEe 7
g A3 F AL o]22]olA 1.711%0]3, Al odl SHE A3 T JAFARS
194152, A8 Axe}l 0.230% Zol7l ths Aoz B4t

Table 4.10 Calculation results of turning heel angle of Hanbada(Rudder order)

Item STBD 35 PORT 35
%ﬁg /f j‘}jj f%ﬂ% Hs < 1.277 0.771
1;\47? /f 3 ;j ;;?7,]% He < 2.433 1.542
A A3 T WA A ol 24 2.394 1.711
HZhS e 3 A3lF AL o] &4 2.280 1.626
A9 A 3.255 1.941
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43 3 4

431 GoM¥} A&d WE A3 F AZAL ALt F3t 24
kel BA4E Aup Fof 9&s Brlol Add dolg AFOo= Y ¥|(L/B)=
& FE

w38t i Aute] HA kS T8l on, Table 4113 2ot 4y Ayt
Advre g A4 L/BHI= o 50t}

Table 4.11 Average value of designated vessel in the ship’s length by breadth

Item SK Island SK Paradise Hanwoori Hanbada
Ship length (m) 101.83 123.00 80.00 104.0
Ship breadth (m) 20.70 23.00 16.00 17.80
ship’s L/B 492 5.35 5.00 5.84

ZFET 4,000 ~ 6,00083, L/B=5%0 A4 Mute] distod 3714 3] & &
A Algkrl o2 A4re AF= Table 4.129F 2T

Deq, KMT, KGo, BG, VGC= ™t/ dubd AL A% Bdgke AHgstlen, |
ZH(Drift angle)> Y®F Muto] A3 F WA= HUGOoR 1058 HEAAT =

& A3RbE e Hgd Adxbdole] 25u s A &AZH.

L/B=5 A G| Adutoz <Ak oA Hde] At dolE i3t 80m, 100m,
120m, 140mell thshed Auke] -8 42 10.0knots, 12.5knots, 15.0knots, AW+ 411}

o] Z¥= GoM 0.50m, 0.75m, 1.00m, 1.25me°l| & E&A|A 37}x] A3 ZF= A AL

218 o] g3ty FAALE T T FFHE B FHsATH

L/B=5 AAMF o AHsPdeldA HetA A3 F AL 10= v V&S
A7) YA E A4 10.0knotsE 3 Al Aol 80me] ¥ GoM 0.50m ©] %
< A, 2] 100meol’de] A¥E GoM 050m ©]/d& fFAsoF He= ZAox &4

A} AL 125knotsE & Al Zo] 80me AHFe GoM 1.00m ©°]4S FA|, 4

o] 100mo]7e] A¥re& GoM 0.75m ©]%4, Zo] 140m ©]49]

HEe GoM 0
o Ae Brsodol MF F YAAZL 105 OW AEE FHAE Ao EAHY
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ot &3 A4 15.0knots®E &3 Al Zeo] 80me] M GoM 1.25m °©l%, Zol

LSy [ W

100m ©]/¢¢] A2 GoM 1.00m ©]7%, Z°] 140m ©]/¢ d¥-& GoM 0.75m ©]

T T

53 o Go
1.00m ©]’d, Zo] 100m ©]’¢e] A8 GoM 0.70m ©]’d, Zo°] 140m ©]’de] Al
2 GoM 050m ©°]4S fFAENF He Aoz BEHFHIAT. H4 125knotsE &%

|

(e}
Al 80m¢l AEFe GoM 1.25m ©

<

Qg

Ab 6.66 55 TF3o7] HElA AL 10.0knotsE =3 Al Zo] 80me] A
1

=

o~

& A, 2ol 100m ©]7e] d¥r2 GoM 1.00m
o]}, Zo] 140m ©]/e] AHFS GoM 0.75m ©]4-S SRsjof He RAow RBAF
Atk A< 15.0knotsZ &3 Al Zo] 120m ©]Fe] A¥le GoM 1.25m ©]4, Zo]
140m ©]4¢]l A2 GoM 1.00m ©]’-s Frafof H AL WAt = A

3 F AAAL 105 v NFE 2F8E 208 EAFHY.
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Table 4.12 The result of heeling angle calculation for passenger type vessel(L/B=5)

Collection @

Kmou

in turning
Value for calculation
Deq 3943 m BG 6.660 m
KMT 10.649 m VGC 6.505 m
KGo 8907 m Drift angle(p) 10.000 Deg
VCB 2247 m
Result of the heeling angle in turning(Deg)
Speed 10.0knots 12.5knots 15.0knots
(5.14m/s) (6.43m/s) (7.72m/s)
Condition A B C A B C A B C
80m | 10.6| 102 | 10.0| 16.7 | 157 | 157 | 244 | 220 | 229
GoM 100m 84| 82 80| 133 | 127 | 125| 193 | 179 | 181
0.50m 120m 70| 6.8 6.6 11.0| 106 | 104 | 16.0| 151 | 15.0
140m 6.0 S 571 94 g4 89| 13.7| 13.0| 129
80m 70| 6.8 6.6| 11.0| 106 | 104 | 16.0| 151 | 150
GoM 100m | 56 55| 53| 88| 85| 83| 127| 122| 120
0.75m 120m 47| 4.6 44| 73 7.1 69| 10.6 | 10.2| 10.0
140m 40| 39 38| 63 6.1 59 91| 88 8.5
- 80m 53| 5.1 50| 82 8.0 78| 119 | 114 | 112
GoM 100m 42| 41 40| 6.6 6.4 6.2 95| 9.2 9.0
1.00m 120m 35| 34 33| 55 5.4 5.2 79| 77 7.5
140m 30| 29 28| 4.7 4.6 44 68| 6.6 6.4
80m 42| 41 40| 6.6 6.4 6.2 95| 92 9.0
GoM 100m 34| 33 32| 53 51 5.0 76| 74 7.2
1.25m 120m 28| 27 26| 44 4.3 4.1 63| 62 6.0
140m 24| 24 23| 3.8 3.7 3.5 54| 53 51
A IMO 544 Ae71F A35 I3 HE AL
B: g4 A3 3 A o] 82
C: WAL AT 43 2 APAA ol£
L A3 F 734 10= vivt 71+
] A AAAE 18 E A A 6.665%




432 &AW 6 W H¥ T AL AL FF B4

FES 4000 ~ 60005F AMHE Auke] Azl grioln Sgule] e 37 A
3

3 T HAA ALAE Bt &A1 04005-E 1.0007HA] AlLkS ek o,
A3E Q°F% ¥+ Table 4137 ZTh

Deq, KMT, KGo, BG, VGC th7 A ALt Am Bdgke AHgstslen, A
Z}(Drift angle)> LyF Auko] M3 F TAst= Ao = 1025 A8 AT &=
o A2 Adgtd Adutdolel 258E A8 X

=]

—

EFES 4000 ~ 6,000EF o243
A 0555 ©]3, GoM 0.75mel 7

2

I
ox

o] YAE 915+ GoM 0.50me] -9 <
F) 0.685 ©]3}, GoM 1.00m®] 4% &%
80 ol3tE FAStoIoF A3 F &

kY Jh o oft
X
=

H] 0.790 ©]3}, GoM 1.25m2] 7% 0.8 A
10= "9t 7|&S 530 =3 Hd AUAALE 183 X T AAFAA 667=
) eks 3537 fsllA= GoM 0.50me] A &4 0455 ©]3t, GoM 0.75m<]
A% 41 0555 ©]3h, GoM 1.00me] 7% <4Hl 0.645 ©]3}, GoM 1.25me] 7

- &AM 0.720 ol3HE FASI o IMO BUA As7iEd AAE A3 F 3H
ARZE 105 PlRhS SEehe Ao R F4FH AT
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Table 4.13 The summary of heeling angle calculation for passenger type vessel in

Collection @ kmou

_77_

turning( V/ /L)
Value for calculation
Deq 3943 m BG 6.660 m
KMT 10.649 m VGC 6.505 m
KGo 8.907 m Drift angle(f3) 10.000 Deg
VCB 2247 m Average V/ VL 0.897
Result of the heeling angle in turning(Deg)
0 <6.67° Ave-
0 < 6.67° 0 < 10.0°
0 <10.0° rage
V/VL | 0455 | 6.645 | 0.720 | 0.555 |6.685 | 0.790 | 0.880 | 0.897 | 1.000
A 6.6 | 133 | 16.7 98| 151 | 203 | 254 | 265| 337
GoM
B 64| 127 | 157 95| 143 | 187 | 228 | 236| 285
0.50m
C 62| 126 157 93| 142 | 190| 239| 249| 315
A 44 89| 111 65| 10.0| 133 | 166 | 173| 217
GoM
B 42 8.6 | 10.6 64| 97| 127 | 157 | 163 | 199
0.75m
C 41 83| 104 66| 94| 126 | 157 | 163 | 204
A 3.3 6.6 83 49| 75| 10.0| 124 | 129 161
GoM
B 3.2 65| 8.0 48| 73| 96| 119| 123 | 152
1.00m
C 3.1 62| 78 46| 70| 94| 11.7| 121 | 152
GoM A 27 53| 6.6 39| 60| 80 99| 103 | 128
2.6 52| 64 38| 58| 77 9.6 99| 123
1.25m
C 25 50| 6.2 37| 56| 75 9.3 9.7 | 121
A IMO 594 4571€ A3T BAA HE A4
B: A4 43 F WA o] &4
C: A4S A3 A8 T FAA o4
] A3 F 44 10= vt 71E
L AW oA 8@ A4 A8 6.66%
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2A9 84 X34 - Speed

2aE Q4 x84 - Speed length ratio
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5 2] diE 2l 84 S84 - Speed
Speed IMO E94 A%7<€ A3 5 JFA AL
SK SK )
(m/5) Island Paradise Hanwoori Hanbada
5.000 1.407 0.865 0.821 2.378
5.100 1.464 0.900 0.854 2.475
5.200 1.522 0.935 0.888 2.573
5.300 1.581 0.971 0.923 2.673
5.400 1.641 1.008 0.958 2.774
5.500 1.703 1.046 0.994 2.878
5.600 1.765 1.085 1.030 2.984
5.700 1.829 1.124 1.067 3.092
5.800 1.894 1.163 1.105 3.201
5.900 1.960 1.204 1.144 3.313
6.000 2.027 1.245 1.183 3.426
6.100 2.095 1.287 1.222 3.541
6.200 2.164 1.329 1.263 3.659
6.300 2.234 1.373 1.304 3.778
6.400 2.306 1417 1.346 3.899
6.500 2.379 1.461 1.388 4.022
6.600 2.452 1.507 1.431 4147
6.700 2.527 1.553 1.475 4.273
6.800 2.603 1.599 1.519 4.402
6.900 2.681 1.647 1.564 4.533
7.000 2.759 1.695 1.610 4.666
7.100 2.838 1.744 1.656 4.800
7.200 2919 1.793 1.703 4.937
7.300 3.001 1.843 1.751 5.075
7.400 3.084 1.894 1.799 5.215
7.500 3.168 1.946 1.848 5.358

Collection @ kmou

[+= 2] - 1




[B= 2] oiaE a8 24 $x8]4] - Speed(continued)
IMO 594 A%s71& A3 T J3A A
Speed(m/) SK SK ,

lsland Paradise Hanwoori Hanbada
7.600 3.253 1.998 1.898 5.502
7.700 3.339 2.051 1.948 5.648
7.800 3.426 2.105 1.999 5.796
7.900 3.515 2.159 2.051 5.946
8.000 3.605 2.214 2.103 6.099
8.100 3.695 2.270 2.156 6.253
8.200 3.787 2.326 2.209 6.409
8.300 3.880 2.383 2.264 6.566
8.400 3.975 2.441 2.318 6.726
8.500 4.070 2.499 2.374 6.888
8.600 4.166 2.559 2.430 7.052
8.700 4.264 2.619 2.487 7.218
8.800 4.363 2.679 2.545 7.386
8.900 4.463 2.740 2.603 7.556
9.000 4.564 2.802 2.662 7.727
9.100 4.666 2.865 2.721 7.901
9.200 4.769 2.928 2.781 8.077
9.300 4.874 2.992 2.842 8.255
9.400 4.979 3.057 2.904 8.434
9.500 5.086 3.123 2.966 8.616
9.600 5.194 3.189 3.029 8.800
9.700 5.303 3.256 3.092 8.986
9.800 5.414 3.323 3.156 9.174
9.900 5.525 3.391 3.221 9.363
10.000 5.637 3.460 3.287 9.555
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)

IMO EH4 A%7& A3 F J3A HE AL
Speed(m/) SK SK ,
lsland Paradise Hanwoori Hanbada
5.000 2.815 1.729 1.643 4.761
5.100 2.929 1.799 1.709 4.954
5.200 3.045 1.871 1.777 5.150
5.300 3.164 1.943 1.846 5.351
5.400 3.284 2.017 1.916 5.556
5.500 3.407 2.093 1.988 5.764
5.600 3.532 2.170 2.061 5.976
5.700 3.660 2.248 2.135 6.192
5.800 3.790 2.327 2.211 6.412
5.900 3.922 2.408 2.288 6.636
6.000 4.056 2.491 2.366 6.864
6.100 4192 2.575 2.445 7.096
6.200 4.331 2.660 2.526 7.332
6.300 4472 2.746 2.608 7.572
6.400 4.616 2.834 2.692 7.816
6.500 4.761 2.924 2.777 8.063
6.600 4.909 3.014 2.863 8.315
6.700 5.060 3.106 2.950 8.571
6.800 5.212 3.200 3.039 8.831
6.900 5.367 3.295 3.129 9.095
7.000 5.524 3.391 3.221 9.362
7.100 5.684 3.489 3.314 9.634
7.200 5.846 3.588 3.408 9.910
7.300 6.010 3.688 3.503 10.190
7.400 6.176 3.790 3.600 10.475
7.500 6.345 3.894 3.698 10.763

[+= 2] -3
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)

IMO 594 A%s71& A3 T J3A A
Speed(m/) SK SK ,

lsland Paradise Hanwoori Hanbada
7.600 6.516 3.998 3.797 11.056
7.700 6.689 4104 3.898 11.352
7.800 6.865 4.212 4.000 11.653
7.900 7.043 4.321 4.104 11.958
8.000 7.223 4.431 4.208 12.268
8.100 7.406 4.543 4.314 12.581
8.200 7.591 4.656 4422 12.899
8.300 7.779 4.770 4.531 13.221
8.400 7.968 4.886 4.641 13.548
8.500 8.161 5.004 4.752 13.879
8.600 8.355 5.122 4.865 14.214
8.700 8.552 5.243 4.979 14.554
8.800 8.751 5.364 5.094 14.898
8.900 8.953 5.487 5.211 15.247
9.000 9.157 5.611 5.329 15.600
9.100 9.363 5.737 5.449 15.958
9.200 9.572 5.864 5.569 16.320
9.300 9.783 5.993 5.692 16.687
9.400 9.997 6.123 5.815 17.059
9.500 10.213 6.255 5.940 17.435
9.600 10.432 6.388 6.066 17.816
9.700 10.653 6.522 6.194 18.202
9.800 10.876 6.658 6.322 18.593
9.900 11.102 6.795 6.453 18.989
10.000 11.330 6.934 6.584 19.390

(7= 2] - 4
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)
B4 A8 F ABAA o124
Speed(m/) SK SK ,
lsland Paradise Hanwoori Hanbada
5.000 2.775 1.706 1.570 4.658
5.100 2.887 1.775 1.634 4.845
5.200 3.002 1.845 1.699 5.036
5.300 3.118 1.917 1.764 5.230
5.400 3.236 1.990 1.832 5.429
5.500 3.357 2.064 1.900 5.630
5.600 3.480 2.140 1.970 5.835
5.700 3.605 2.217 2.041 6.044
5.800 3.732 2.295 2.113 6.256
5.900 3.862 2.375 2.186 6.472
6.000 3.993 2.456 2.261 6.691
6.100 4127 2.539 2.337 6.914
6.200 4.263 2.622 2414 7.140
6.300 4.401 2.708 2.492 7.370
6.400 4.541 2.794 2.572 7.603
6.500 4.684 2.882 2.653 7.840
6.600 4.828 2971 2.735 8.080
6.700 4.975 3.062 2.818 8.323
6.800 5.124 3.154 2.903 8.570
6.900 5.275 3.247 2.989 8.820
7.000 5.428 3.341 3.076 9.073
7.100 5.583 3.437 3.164 9.329
7.200 5.740 3.535 3.254 9.589
7.300 5.900 3.633 3.345 9.852
7.400 6.061 3.733 3.437 10.118
7.500 6.225 3.834 3.530 10.388

Collection @ kmou
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)
B4 A8 F ABAA o124
Speed(m/) SK SK ,
lsland Paradise Hanwoori Hanbada
7.600 6.391 3.937 3.624 10.660
7.700 6.559 4.041 3.720 10.936
7.800 6.729 4.146 3.817 11.215
7.900 6.901 4.253 3.915 11.497
8.000 7.075 4.361 4.015 11.781
8.100 7.251 4.470 4115 12.069
8.200 7.429 4.581 4.217 12.360
8.300 7.609 4.693 4.320 12.654
8.400 7.791 4.806 4.425 12.950
8.500 7.976 4.920 4.530 13.249
8.600 8.162 5.036 4.637 13.552
8.700 8.350 5.153 4.745 13.856
8.800 8.540 5.272 4.854 14.164
8.900 8.733 5.392 4.965 14.474
9.000 8.927 5.513 5.076 14.787
9.100 9.123 5.635 5.189 15.103
9.200 9.321 5.759 5.303 15.421
9.300 9.521 5.884 5.418 15.741
9.400 9.723 6.010 5.535 16.064
9.500 9.927 6.138 5.652 16.390
9.600 10.133 6.267 5.771 16.717
9.700 10.340 6.397 5.891 17.047
9.800 10.550 6.528 6.012 17.379
9.900 10.761 6.661 6.135 17.714
10.000 10.974 6.795 6.258 18.050

Collection @ kmou
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)
R7tg e 48 3 PAN o &4
Speed(m/) SK SK ,
lsland Paradise Hanwoori Hanbada
5.000 2.836 1.749 1.525 3.960
5.100 2.951 1.819 1.587 4.120
5.200 3.068 1.892 1.649 4.284
5.300 3.187 1.965 1.713 4.450
5.400 3.309 2.040 1.779 4.620
5.500 3.432 2.116 1.845 4.793
5.600 3.559 2.194 1.913 4.970
5.700 3.687 2.273 1.982 5.149
5.800 3.818 2.353 2.052 5.332
5.900 3.951 2.435 2.124 5.518
6.000 4.086 2.519 2.196 5.707
6.100 4.223 2.603 2.270 5.900
6.200 4.363 2.690 2.345 6.096
6.300 4.506 2.777 2.421 6.295
6.400 4.650 2.866 2.499 6.497
6.500 4.797 2.956 2.578 6.702
6.600 4.946 3.048 2.658 6.911
6.700 5.097 3.141 2.739 7.123
6.800 5.251 3.236 2.821 7.339
6.900 5.407 3.332 2.905 7.557
7.000 5.565 3.429 2.990 7.779
7.100 5.726 3.528 3.076 8.005
7.200 5.889 3.628 3.163 8.233
7.300 6.054 3.730 3.252 8.465
7.400 6.222 3.833 3.342 8.700
7.500 6.392 3.937 3.433 8.939

Collection @ kmou
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[B= 2] oiaE a8 24 $x8]4] - Speed(continued)

IMO 594 A%s71& A3 T J3A A
Speed(m/) SK SK ,

lsland Paradise Hanwoori Hanbada
7.600 6.564 4.043 3.525 9.181
7.700 6.739 4.150 3.618 9.427
7.800 6.916 4.259 3.713 9.675
7.900 7.096 4.369 3.809 9.927
8.000 7.277 4.481 3.906 10.183
8.100 7.461 4.594 4.005 10.442
8.200 7.648 4.708 4.104 10.704
8.300 7.837 4.824 4.205 10.970
8.400 8.028 4.941 4.307 11.240
8.500 8.221 5.060 4.411 11.513
8.600 8.417 5.180 4.515 11.789
8.700 8.616 5.301 4.621 12.069
8.800 8.817 5.424 4.728 12.352
8.900 9.020 5.549 4.837 12.639
9.000 9.225 5.674 4946 12.930
9.100 9.433 5.802 5.057 13.224
9.200 9.644 5.930 5.169 13.521
9.300 9.857 6.060 5.282 13.823
9.400 10.072 6.192 5.397 14.128
9.500 10.290 6.325 5.513 14.436
9.600 10.510 6.459 5.630 14.749
9.700 10.733 6.595 5.748 15.065
9.800 10.958 6.733 5.868 15.385
9.900 11.185 6.871 5.988 15.708
10.000 11.416 7.012 6.110 16.036

[+= 2] -8
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