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Table 1.1 Marine Accidents of Vessel Types
G

go | G4 BER | 2 A4 4a | A% | )

2002 13 132 17 509 46 58 775

2003 10 120 28 483 5l 75 767

2004 20 130 24 734 67 95 1,070

2005 8 99 24 657 37 39 884

2006 17 110 43 584 53 58 865

Al
(A 68 591 136 2,967 254 345 4,361
%l(;i;j] 1.6 13.6 3.1 68.0 5.8 79 100




Table 1.2 Classification of Marine Accidents
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DESIGN
ASSESSMENT

* Improve design
* Define operational

limits

SHIP

SEA
-
CONDITION
- | OPERATIONAL
CRITERIA
OPERATION

T

e Hull strength

* Seakeeping

* Maneuverability

e Stability

* Boarding comfort

* ITTC seakeeping
criteria

 IMO maneuvering
standards & stability
criteria

+ Operational limits, etc.

:

OPERATOR
GUIDANCE

* Check operating
conditions

+ Change course &

speed

Figure 1.1 Safe Operation & Design Improvement of Ship
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Table 2.1 General Particulars

ITEMS DIMENSIONS

Ship’s Name HANBADA

Builder STX Shipbuilding Co.,Ltd.
Length Overall (LOA) 117.20 m

Length Between Perpendiculars (LBP) 104.00 m

Breath (B) 17.80 m

Mean Draft (Full Loaded Condition) 5915 m

Maximum Speed 19.0 kts

Service Speed 175 kts

Main Engine MCR(100%)

8,130 BHPx176 RPM

Main Engine NCR(85%)

6,910 BHPx167 RPM

Complement 246 persons

Gross Tonnage 6,686 ton

Displacement (Full Loaded Condition) 6,434.6 ton

Block Coefficient (Cpb) 0.5719 at 5915 m

L.C.G (Full Loaded Condition) -1.955 m

V.C.G (Full Loaded Condition) 6.551 m

GoM (Full Loaded Condition) 1.931 m

Rudder Area ratio (Agr/Ld) 1/43.94

Transverse Projected Area (Ar) 287 m*

Lateral Projected Area (Ar) 1,430 m*
S Ay bt oed L] —
13.00 W.L T /‘ 1300 WL
L1200 Wil EuUl TOE | INE. /l / 1200 Wil
\\ gl 9/ 11, ,
800 Wl \\ \ MAIN DECK LIN [ m/ A»é K Lw( / 800 WL
E.00 Wl \‘Q;:::%ﬁ‘ / .00 ML
e
400 Wl \T‘\E\\\\-\\ 1 \ J / % m / 400 WL
3.00 WL \i\ )/)/j / 1 .00 WL
LoD WL &@% \ \ lm/ 100 WL
;22 EI:E soof —  m— E::s :{[:E

Figure 2.2 Body Plan of T.S. HANBADA
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Table 2.2 Voyage Schedule of T.S. HANBADA

2006\ &= 20073 =

03/08 - 03/13 | 1x} A<karal(1x) | 03/19 - 03/22 | 12k Akaaf(213)
04/03 = 04/06 | 2%} A<raaf(ols) | 04/02 - 04/05 | 22k AMsl (A=)

04/17 - 04/20 | 3#

r

o
o
o
=
oft
:Cl)L_|4
e

04/17 - 04/21 | 3% <AF& e (H %)

05/08 - 06/12 13t7] Akt 04/30 - 05/01 | 4%} Abaal(F-7]13)

06/28 - 06/30 | 4z A<+Fal(=4t) | 05/14 - 06/18 13t7] Akt

09/04 - 09/07 | 5&F AF&Fa(HFE) | 09/17 - 09/20 | 52} A3 (F717)

09/19 - 09/21 | 62 A<+Fal(A=) | 10/09 - 11/08 2817 AFal

10/18 - 11/17 2817 AFal 11/26 - 11/29 | 62k At&sf (o)

12/04 - 12/06 | 72} Qer&al(B A %) | 12/10 - 12/13 | 7= dAb&sf (X&)
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Table 2.3 Schedule of Ocean-going Voyage(2006-1)

aL, 1 FolA 20064 1

] FFAA ]
37 S gan A9 (mile) a2
BUSAN
2006.05.08 11:00 _— .
2006.05.18 18:00
RANGOON 2006.05.22 09:00
s ' 2927 7d-22h
KEELUNG 2006.05.30 10:00
2006.06.02 09:00
1134 3d-00h
VOKOHAMA | 2006.06.05 12:00
2006.06.08 10:00
2006.06.12 09:00 1191 4d-00h
BUSAN L '

Table 2.4 Schedule of Ocean-going Voyage(2006-2)

: "FER :
371 i 71 2) (mile) R
BUSA
USAN 2006.10.18 11:00

2006.10.27 11:00 5369 R

SINGAPORE e

2006.10.30 10:00 130 54-00k
2006.11.04 10:00
CEBU 2006.11.07 10:00
11.07 10- 1844 Ad-23h
20061111 17:00
KOBE
2006.11.15 10:00
744 2d-00h
2006.11.17 10:00
BUSAN
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Table 2.5 Schedule of Ocean-going Voyage(2007-1)

] FFAA ]
713 g 71l (mile) ol A
BUSA
USAN 2007.05.14 11:00
2898 08d-01h
2007.05.22 10:00
PENANG
2007.05.25 09:00 656 ot
2007.05.30 10:00
HATIPHONG
2007.05.30 08:00 . .
2007.06.07 10:00
NAGASAKI 2007.06.10 10:00
— ' 730 3d-01h
DALIAN 2007.06.13 09:00
2007.06.16 10:00
2007.06.18 10:00 oo 1d=23h
BUSAN L :

Table 2.6 Schedule of Ocean-going Voyage(2007-2)

] FFAA ]
713 Eery 719 (mile) ol A
BUSA
USAN 2007.10.09 11:00
2007.10.14 09:00 1,621 5d-00h
DANANG e :
2007.10.17 10:00 a3 .
2007.10.21 09:00 ’
JAKARTA
2007.10.24 10:00 5 006 .
2007.11.03 09:00 ’
TIANJIN 2007.11.06 07:00
— ' 736 2d-02h
2007.11.08 10:00
BUSAN

_14_
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Figure 2.4+ HMSe] wjx o|w, o 74L& &3 2

€ Computer @ Signal Conditioning Box
€ One how accelerometer @ One aft accelerometer
€ One Inclinometer € UPS

@ Four Long Based Strain Gauges (LBSG)
@ Interface with navigational instruments

(GPS, Speed Log, RPM, Anemometer, VDR, Loading Computer)

=22 A2 Ao AAMA A Eo] 9la, AgddE $HS A=

SO aEm MeET L Anle) Bl AeslEEAsL Aol

Cooooooo o

-
o
o
a
a
a
a
|
E
o
i
i

Figure 2.4 Overview of HMS
(1:Logger Display Unit, 2:Signal cond. Unit, 3:UPS,
4:Long Based Strain Gauge, 5. Bow accelerometer

6:Aft accelerometer, 7:Inclinometer)
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Figure 2.5% HMS® FA%=elw, A, S A A, a7t
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Ho]EH+= Loading Computer, VDR, Lan System,
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UPS
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DISPLAY UNIT
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BOX
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LAN SYSTEM

AMS
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Figure 2.5 Block Diagram of HMS

_17_



232 "oy AF ¥ g2Edol

AGF)oz2HE AFEHdor 270m(S.S.15), $= 13.8mol A3 Adwe] T4
Aol AAFo] glom, 1 HFi AFYS Figure 2.6, Table 273 Zu. o=

|

Figure 2.6 Photograph of Sensors

Table 2.7 Specification of Sensors

Accelerometer Inclinometer
Measuring range i i
Type Servo ] -15° ~ +15
(Trim)

) t 2g Measuring range . .
Measuring range ] ) -15° ~ +15
going down(+) (Heeling)

Frequency

0 ~ 50 Hz Response speed 0.3 sec
response
Accuracy £ 0.2% Accuracy £ 1%

_18_
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aAoE WA
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@A, oleel AgE e

R
W ogrow A,
20061 6€¥ 4L A7

[ 20060604.sta - HI2 2

OHiFY EEE) MA0) 2200 TE2H)
P 12:83:29 -~
2886 6 3 158527 16.2 61 3856.299 H 13183.24 E
12.26194 108.54851 5.396469 6584463 8.7917837 18.5782 6.122449
23.573 17.73084 11.41378 11.32495 1.878768 17.8381 5.769231
22 17655 14.89924 7.62636 14.16349 2.826565 15.83644 5.660378
15.53142 13.14295 10.630842 4 411715 B.7634764 13.16511 6
B.4482336 -B.436855E-86 -0.5652599 B.90484676 8.1287518 B.1287518 5.555555
8.2878471 -2_189719E-84 -0.24808575 8.5279046 7.8709229E-92 7._.870259E-82 5.555555
12 .32895 2.573995 -5.024872 15.52277 2.33915 3.478085 5454545
2.789154 -1.736601 -5.519257 5.717468 1.248929 2.134486 6.976744
165 . 8269 168.7286 15639684 3.82124 1.3087826 168.7339 5.882353
15.78 15.29284  14.78 8.5099993 B.2676819 15.29518 158
17.7 18.48367 5.9 9.508801 3.551652 18.99321 33.33333
86 56.66333 2 76 306974 64 _L44y27 12
6117714 1281.981
o487 .252 3169.0834
6382.216 10837 027
-7.56
-18.88
-2.11
-5 .87
a
a
a.312
Harbour
< >

Figure 2.7 Storage of Data
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PC time

Year/month/date from| time from speed from | heading from latitude longitude
GPS(UTC) GPS(UTC) GPS GPS 9
fwd port f.p f.p f.p f.p f.p f.p
max stress mean stress | min stress p-to-p stdv rms period
mid port mid port mid port mid port mid port mid port mid port
max stress mean stress | min stress p-to-p stdv rms period
mid stbd mid stbd mid stbd mid stbd mid stbd mid stbd mid stbd
max stress mean stress | min stress p-to-p stdv rms period
aft port aft port aft port aft port aft port aft port aft port
max stress mean stress | min stress p-to-p stdv rms period
fwd accele. max fwd.a mean | fwd.a min | fwd.a p-to-p | fwd.a stdv | fwd.a rms | fwd.a period
aft accele. max aft.a mean aft.a min aft.a p-to-p aft.a stdv aft.a rms aft.a period
Trim angle max t.a mean t.a min t.a p-to-p t.a stdv t.a rms t.a period
Heel angle max h.a mean h.a min h.a p-to-p h.a stdv h.a rms h.a period
engine rpm max e.rpm mean | e.rpm min | e.rpm p-to-p | e.rpm stdv | e.rpm rms | e.rpm period
log speed max I.s mean l.s min l.s p-to-p l.s stdv l.s rms I.s period
wind speed max w.s mean w.s min w.s p-to-p w.s stdv W.s rms w.s period
wind direc. max w.d mean w.d min w.d p-to-p w.d stdv w.d rms w.d period
fwd swbm (ton-m) fwd wbm
mid swbm (ton-m) mid wbm
aft swbm (ton-m) aft wbm

fwd port offset

mid port offset

mid stbd offset

aft port offset

fwd accel. offset

aft accel. offset

aft accel. offset

Slamming_severity

ship’s condition

Figure 2.8 Meaning of Data
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Figure 2.9 Display of Bow Acceleration
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_1D_I [ [ | [ [ [
0 4 8 12 16 20 24

[ FwdPortStress | Mid PortStress | Mid Sthd Stress | ARPort Stress |
f Engine Rpm T Log Speed T Wind Speed T Wind Direction ] :
[ Bow Acceleration | Aft Acceleration | Trim! I Heel |

Figure 2.10 Display of Trim(Pitch)

Ol

Figure 2112 325 vedH, (1) 8 AAE grsa, (-)F Fdo=
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AL AR wE &

(ld

7 NN T

-10-

-0 1 1 1 1 1 [
4 8 12 16 20 24

=

[ FwdPortStress | Mid PortStress | Mid Sthd Stress | A Port Stress |
f Engine Rpm T Log Speed T Wind Speed T Wind Directian ] :
f Bow Acceleration T Aft Acceleration T Trim T Heel \| :

Figure 2.11 Display of Heel(Roll)
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Table 3.18 US Navy Hydrographic Officedll Al A& siAaejd o s
el oL 91, Figure 3.2+ 3IAAE] 69 slle s+ 20061 69 39 <5
Fatrtze] MuloA #2 ARS BoFal dvh Table 3.23= ITTCOlA A4
ghal = Ui@dAde 7les dEhda g, sidEE oAl @Rl &
LR 7= AAEH FA A F4 FHLS Table 3.3~36 2 Figure 3.

3~3.130] R vhel 7k,

Table 3.1 Sea State of US Navy Hydrographic Office

Significant .
Sea State ) Model Periodlsecl
Wave Height[m]
4 1.88 8.8
5 3.25 9.7
6 5.00 124
7 7.50 15.0
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2006/06/03

Figure 3.15 Photograph of T.S. HANBADA(Sea State 6)

Table 3.2 Seakeeping Criteria of ITTC

X 4

Seakeeping Criteria

Items Definitions
Operational Survival

Significant Single
Roll ) ) 8.0 30.0
Amplitude in Degree

) Significant Single
Pitch ] ) 4.8 8.0
Amplitude in Degree

Deckwetness Number/hour 30 50

Slamming Number/hour 20 50

) Significant Single
V. Acceleration ) ) 0.4 0.8
Amplitude in G

) Significant Single
L. Acceleration ] ) 0.2 04
Amplitude in G
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Table 3.3 Records of Log Book{(Sea State 4)

. True Wind Wind Sea
Date Position Speed | . . Route
Course Direction| Force | State

25-39N

06051004 210 | 14.75 S 4 3 BUSAN-RANGOON
122-57E
25-50N

06051008 1 14.2 E 4 4 BUSAN-RANGOON
122-34E 99 0 SS
24-01N

06051012 199 | 12.75 SSE 4 4 BUSAN-RANGOON
122-11E
23-09N

06051016 199 | 13.75 SSE 4 4 BUSAN-RANGOON
121-50E

06051020 271N o0g | 14.95|  SE 3 3 BUSAN-RANGOON
121-27E '
21-25N

06051024 221 14.25 NE 3 3 BUSAN-RANGOON
120-58

06102504 > ™ | 170 | 16.00| NNE 5 5 | BUSAN-SINGAPORE
106-22E )

06102508 06-50N 170 | 16.25 NNE 4 4 BUSAN-SINGAPORE
107-12E '

06102512 0N 1 040 | 15.250 NBE 5 5 | BUSAN-SINGAPORE
108-02E ' T
06102516 O7-42N 041 | 16.25| NNE 5 4 BUSAN-SINGAPORE
108-44E ' T

-28N

06102520 08-28 041 | 15.00 NE 4 4 BUSAN-SINGAPORE
109-24E
-34N

06102524 07=3 221 | 17.00| NNE 3 3 BUSAN-SINGAPORE
108-38E
04-19N

06103104 039 | 15.50| NNE 5 4 SINGAPORE-CEBU
105-57E
04-44N

06103108 074 | 15.50 NNE 5 4 SINGAPORE-CEBU
106-56E
04-59N

06103112 J 072 | 15.25 NE 4 4 SINGAPORE-CEBU
107-52E
05-16N

06103116 074 | 14.50 NNE 4 4 SINGAPORE-CEBU
108-48E

06103120 > > | 074 |1550| N 4 4 | SINGAPORE-CEBU
109-50E ’

06103124) > O | 070 | 1650 W 4 4 | SINGAPORE-CEBU
110-52E ' ’
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MAX

0.1+

Ao

0.05-
Sea State 4
- Maximum : 0.1g

-0.05

o - Significant : 0.08¢g

. - Bow Sea
018 I I I I I I

] 4 8 12 16 20 24

[ FwdPortStress | WMidPoriStress | Wid Sthd Stress | AR PoriStress |

f Engine Rpm T Log Speed T Wind Speed T Wind Direction ]I
fBowAccelerationT Aft Acceleration T Trim T Heel ] '

Figure 3.16 Vertical Acceleration ( 2006. 5. 10 )

Sea State 4
- Maximum @ 0.24g
- Significant : 0.2g
- Head Sea

[ FwdPortStress | MidPortStress | Mid SthdStress | AfPorStess |

f Engine Rpm T Log Speed T Wind Speed TWindDirection]

f Bow Acceleration T At Acceleration T Trim T Heel ]

Figure 3.17 Vertical Acceleration ( 2006. 10. 25 )

Sea State 4
- Maximum : 0.22g
- Significant @ 0.2g
- Bow Sea

( FwdPortStress | Mid PortStress | Mid Stod Stress | AR PortStress |

f Engine Rpm T Log Speed T Wind Speed TWindDirection]

f Bow Acceleration T Aft Acceleration T Ttim T Heel ] :

Figure 3.18 Vertical Acceleration ( 2006. 10. 31 )
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Table 3.4 Records of Log Book(Sea State 5)

. True Wind Wind Sea
Date Position Speed | . . Route
Course Direction| Force | State
RANGOON
06052204 BERTHED SE 3 3 AT RANGOON
PORT
RANGOON
06052208 BERTHED SE 3 3 AT RANGOON
PORT
RANGOON
06052212 BERTHED SSW 3 3 AT RANGOON
PORT
15-20N
06052216 176 | 13.75 S 3 3 RANGOON-KEELUNG
096-44E
06052220| 2N | 180 | 15.50 S 4 4 | RANGOON-KEELUNG
096-44E ’ o
06052224 | BTN g0 1625 sw 6 5 | RANGOON-KEELUNG
096-41E ) ’
06110804| PN 018 | 16.25| ENE 5 4 CEBU-KOBE
125-00E ’
06110808 > M 018 | 15.75| ENE 5 4 CEBU-KOBE
125-22E ’
os110812| 0PN 018 | 15.000 ENE 5 5 CEBU-KOBE
125-40E )
06110816 - 2N | 018 | 14.75 | NNE 5 5 CEBU-KOBE
126-00E )
18-24N
06110820 018 | 14.50 ENE 5 5 CEBU-KOBE
126-15E
19-19N
06110824 9719 018 | 14.50 NE 6 5 CEBU-KOBE
126-39E
20-14N
06110904 018 14.25 NE 6 5 CEBU-KOBE
126-57E
21-12N
06110908 018 | 15.00 NE 6 5 CEBU-KOBE
127-17E
22-12N
06110912 018 | 15.75 NE 6 5 CEBU-KOBE
127-38E
23-12N
06110916 018 | 15.75 ENE 5 5 CEBU-KOBE
128-00E
06110020| 2> "N | 018 | 16.00| ENE 5 5 CEBU-KOBE
128-15E ’ ’ ’
24-40N
06110924 . CEBU-KOBE
198-31E 018 | 16.33 ENE 5 5
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MAX

0.4+

[ FwdPortStress | MidPortStress | Mid Sthd Stress | AfiPortStess |
f Engine Rpm T Log Speed T T Wind Direction ] ‘
féBowAccelerationéT Aft Acceleration T Heel ] I

Wind Speed
Trim T

Sea State b
- Maximum : 0.35¢g
- Significant : 0.3g
- Head Sea

Figure 3.19 Vertical Acceleration ( 2006. 5. 22 )

( FwdPortStess | Mid PoriStress | Mid Stod Stress | ARt PortStess |
f Engine Rpm T Log Speed T itfind Speed T ind Direction ] I
[ Bow Acceleration | AftAccelaration | Trim T Heel T

Figure 3.20 Vertical Acceleration (

[ FwdPortstess | MidPortStress | Mid Sthd Stress | AR PortStress |
[ Engine Rpm T Log Speed T Wind Speed T Wind Direction ] :
(Bow AccelerationT AftAcceleration T Trim T Heel ] i

Sea State 5
- Maximum : 0.6g
- Significant @ 0.5g
- Bow Sea

2006. 11. 8)

Sea State 5
- Maximum : 0.5g
- Significant * 0.4g
- Head Sea

Figure 3.21 Vertical Acceleration ( 2006. 11. 9 )



Table 3.5 Records of Log Book(Sea State 6)

. True Wind Wind Sea
Date Position Speed | . . Route
Course Direction| Force | State

28-03N

06060304 049 | 17.50 NW 6 6 |KEELUNG-YOKOHAMA
126-26E
28-45N

06060308 049 17.00 N 7 6 KEELUNG-YOKOHAMA
127-30E
29-33N

06060312 049 12.00 NNE 6 6 KEELUNG-YOKOHAMA
128-10E
29-51N

06060316 049 | 15.75 NE 6 6 |KEELUNG-YOKOHAMA
129-08E

06060320 30723 065 | 16.75 NE 6 6 |KEELUNG-YOKOHAMA
129-38E )

06060324 | VPN | 065 1733 NE 5 5 |KEELUNG-YOKOHAMA
131-03E )

07102804 15-0IN 027 | 15.75 NE 6 6 JAKARTA-TIANJIN
114-33E ’

07102808 100N 027 | 14.00 NE 6 6 JAKARTA-TIANJIN
115-04E ’

07102812 16-48N 027 | 14.50 NE 6 6 JAKARTA-TIANJIN
115-30E '

07102816 L7=30N 027 | 14.00 NE 6 6 JAKARTA-TIANJIN
115-53E '
18-26N

07102820 826 027 | 13.50 NE 7 6 JAKARTA-TIANJIN
116-24E
19-01N

07102824 90 027 | 10.00 NE 7 6 JAKARTA-TIANJIN
116-42E
19-46N

07102904 027 | 14.00 NE 6 6 JAKARTA-TIANJIN
117-06E
20-40N

07102908 027 | 14.00 NE 7 6 JAKARTA-TIANJIN
117-35E
21-34N

07102912 027 | 14.00 NE 7 6 JAKARTA-TIANJIN
118-04E
22-18N

07102916 027 | 13.75 NE 7 7 JAKARTA-TIANJIN
118-27E

07102920 22755N 010 | 10.05| NNE 8 6 JAKARTA-TIANJIN
118-55E )

07102024 2PN 097 1 09.25| NNE 9 7 | JAKARTA-TIANJIN
119-06E ‘
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( FwdPortStress | Mid PoriStress | Wid Sthd Stress | ARt PortStress |

f Engine Rpm T Log Speed T Wind Speed T Wind Direction ]I

(EBowAccelerationéT Aft Acceleration T Trim T Heel ]I
Figure 3.22 Vertical Acceleration (

EEIE BT

0.5

-0.5—

-1 1 1 I 1 ] 1
0 4 8

[ FwdPortStess | MidFortStress | Mid Sthd Stress | AR Forl Stress |
[ Engine Rpm T Log Speed T Wind Speed T Wind Direction 1 '
( Bow AcceleralionT Aft Acceleration T Trim T Heel ] ‘

Sea State 6

- Maximum @ 1.2g
- Significant : 1.0g
- Head Sea
2006. 6. 3 )
Sea State 6

- Maximum : 0.8¢g
- Significant : 0.7g
- Head Sea

Figure 3.23 Vertical Acceleration ( 2007. 10. 28 )

L ™ u"-"‘ll.
O N O SUPIT i

[ FwdPortStess | MidPortStess | Mid Sthd Stress | A Por Stress |
[ Engine Rpm T Log Speed T Wind Speed T Wind Direction W '
{ Bow ncceleralinnT Aft Acceleration T Trim ] Heel ] ‘

Sea State 6/7

- Maximum : 1.2g
- Significant : 0.9¢g
- Head Sea

Figure 3.24 Vertical Acceleration ( 2007. 10. 29 )
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Table 3.6 Records of Log Book(Sea State 7)

. True Wind Wind Sea
Date Position Speed | . . Route
Course Direction| Force | State

31-25N

06060404 062 | 15.50 NE 5 5  |KEELUNG-YOKOHAMA
132-06E

06060408 81757N 062 15.75 NE 6 5 KEELUNG-YOKOHAMA
133-15E ' !
33-30N

06060412 057 16.00 NE 8 7 KEELUNG-YOKOHAMA
134-20E
33-00N

06060416 050 | 15.25 NE 8 7 |KEELUNG-YOKOHAMA
135-23E

06060420 33737 051 15.00 NE 7 7 |KEELUNG-YOKOHAMA
136-20E )
34-11IN

06060424 078 | 16.00 ENE 6 6 |KEELUNG-YOKOHAMA
137-21E

07103004 23-48N 023 | 04.25 NE 7 7 JAKARTA-TIANJIN
119-13E )

07103008 24-15N 023 | 06.50 | NNE 8 7 JAKARTA-TIANJIN
119-25E ’
24-43N

07103012 040 | 09.00| NNE 8 7 JAKARTA-TIANJIN
119-51E

07103016 25-07N 040 | 08.75 | NNE 8 7 JAKARTA-TIANJIN
120-12E )
25-50N

07103020 040 | 12.50 NE 8 6 JAKARTA-TIANJIN
120-50E
26-33N

07103024 633 055 | 13.25 NE 7 6 JAKARTA-TIANJIN
121-03E
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Sea State 7
- Maximum @ 1.2g
- Significant : 0.8g
- Head Sea

( FwdPortStress | Mid PortStress | WMid Sthd Stress | AR Port Stress |
[ Engine Rpm T Log Speed T Wind Speed T Wind Direction ] ‘
fBowAcceIerationT Aft Acceleration T Trim T Heel ] i

Figure 3.25 Vertical Acceleration ( 2006. 6. 4 )
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" alling Sea State 7

- Maximum : 1.3g
. - Significant @ 1.2g
151 : : ‘ , ‘ ] - Head Sea

[ FwdFPortStess | Mid PortStress | Mid Sthd Stress | AftPor Stress |
f Engine Rpm T Log Speed T Wind Speed T Wind Direction W '
( Bow Acceleration T At Acceleration T Trim T Heel ] {

Figure 3.26 Vertical Acceleration ( 2007. 10. 30 )
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Table 3.7 Measurement Value of Vertical Acceleration

Significant .
Sea Vertical .
Wave ) Date of Sampling
State ) Accelerationl[g]
Height[ml
4 1.88 0.1~0.2 5/10, 10/25, 10/31
5 3.25 0.2~04 5/22, 11/8, 11/09
6 5.00 04~0.8 6/3, 10/28, 10/29
7 7.50 0.8~1.2 6/4, 10/30

Vertical Acceleration [g]

—=— Significant
—o— )\ i
12 L Maximum

0_0 1 1 1 1 1 1 1

Survival

Operational

2 3 4 5 6 7 8
Significant Wave Height [m]

Figure 3.27 Variation of V. Acceleration with Wave Height
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Figure 3.28 Variation of V. Acceleration with Encounter Angle
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Figure 3.163} Table 3.8 2006 10¢¥ 25¥ 9] 7I&% WE 9 g &9
g A=A 7125 JeERIL 9tk 00~08A17HX & F3HFollowing sea)$l AE]E
e strtrl, 08~20A74AE A d(Head sea)E Wow Fafatalal, AFds

Lo g uf JHEHErE 01gd e =A SA A

Sea State 4
- Maximum : 0.24g
- Significant @ 0.2g
- Following Sea

e ‘ ' ' ' ' ' - Head Sea
0 4 g 12 16 20 24

[ FwdPortStress | MidPortStress | Mid Sthd Stress | AfPorStress |
f Engine Rpm T Log Speed T Wind Speed T Wind Direction ] ‘
fBuw ncceleratiunT At Acceleration T Trim T Heel ] '

Figure 3.29 Vertical Acceleration ( 2006. 10. 25 )

Table 3.8 Records of Log Book{(Sea State 4)

. True Wind Wind Sea Encounter
Date Position Speed | . .
Course Direction| Force | State Angle
06102504 | C7A™N 170 116,00 NNE 5 5 followi
L06-29E ) ollowing sea
06-50N
0610250 . 1
6 8 L07-19E 170 | 16.25 NNE 4 4 following sea
06102512 06=53N 040 | 15.25 NE 5 5 head
108-02E . ead sea
06102516 O7-42N 041 |16.25| NNE 5 4 head
L108~44E . ead sea
08-28N
06102520 041 | 15.00 NE 4 4 head sea
109-24E
07-34N
06102524 221 17.00 NNE 3 3 following sea
108-38E
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Figure 3.30 Vertical Acceleration ( 2006. 11. 9 )

Table 3.9 Records of Log Book(Sea State 5)

. True Wind Wind Sea Encounter
Date Position Speed |__. .
Course Direction| Force | State Angle
06110004| 22N 018 | 1425 NE 6 5 head
126-57E ' cad sed
06110008| 222N 018 | 1500 NE 6 5 head
127-17E ' cad sed
22-12N
06110912 018 | 15.75 NE 6 5 head sea
127-38E
23-12N
06110916 018 | 15.75| ENE 5 5 bow sea
128-00E
23-50N
06110920 018 | 16.00| ENE 5 5 bow sea
128-15E
06110924 24-40N 018 |16.33| ENE 5 5 bow sea
128-31E
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Figure 3.31 Vertical Acceleration ( 2006. 6. 3 )

Table 3.10 Records of Log Book(Sea State 6)

.. True Wind Wind Sea Encounter
Date Position Speed | . .

Course Direction| Force | State Angle
28-03N

06060304 126-96E 049 | 17.50 NW 6 6 beam sea
28-45N

06060308 197-30E 049 | 17.00 N 7 6 bow sea
29-33N

06060312 198-10E 049 | 12.00| NNE 6 6 head sea
29-51N

06060316 199-08E 049 | 15.75 NE 6 6 head sea
30-23N

06060320 199-38E 065 | 16.75 NE 6 6 head sea
30-56N

06060324 131-03E 065 |17.33 NE 5 5 head sea
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Figure 3.33 V. Acceleration (Coastal, 2006. 4. 20)

Table 3.11 Records of Log Book(Coastal, 2006. 4. 20)

. True Wind Wind Sea
Date Position Speed |__. . Route
Course Direction| Force | State
35-46N
06042000 187 | 17.00 W 7 5 Tonghae-Busan
129-37E
35-05N
06042002 . -
6 199-20E 187 | 15.25| WSW 7 5 Tonghae—-Busan
34-53N
06042004 : -
199-05E 226 | 15.25 | WSW 8 5 Tonghae—-Busan
34-33N
06042006 130 | 16.00| WSW 9 7 Tonghae-Busan
128-37E
06042008 34705N 050 | 16.00 | WSW 7 6 Tonghae-B
19830 . onghae—Busan
06042010 K.M.U BERTHED W 6 5 Tonghae—-Busan
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Figure 3.34 V. Acceleration (Coastal, 2007. 4. 4)

Table 3.12 Records of Log Book(Coastal, 2007. 4 4)

. True Wind Wind Sea
Date Position Speed |__. . Route
Course Direction| Force | State
34-45N
07040404 009 | 17.00 NW 6 5 Cheju-Busan
125-06E
35-48N
0704040 . ju—
8 19550 009 | 15.00| NNW 7 5 Cheju—Busan
07040412 3o-48N 176 | 15.50| NNW 5 5 Cheju-B
19537 . eju—Busan
07040416 34735N 165 | 15.50 NW 6 5 Cheju-B
195-A5E . eju—Busan
07040420 34-05N 085 | 17.00 W 5 4 Cheju-B
196-50E . eju—Busan
07040424 J4-18N 070 | 15.75 W 4 4 Cheju-B
198-03E . eju—Busan
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+5[Rol) ¥ #F-$7E(Lateral acceleration)ol| 4= #jo]al, EL-5(Pitch) & 733}
7} S (Vertical acceleration)ol| A& ApalsE 75202 313k

X

W 2@ el HE F

a9

Table 3.13 2 314 R@A AL AAse] A3
2 AYE Y

Table 3.13 Measurement Items

Ttem Position Gauge Remarks

Pitch Center of G Potentiometer Pitch angle

Roll Center of G Potentiometer Roll angle
V. Acceleration Wheel House Accelerometer V. Acceleration

Table 3.14 Principal Dimensions of Model Ship

Item Ship Model Unit
LBP 104.0 3.467 m
Breadth 17.8 0.593 m
Draft 5.9 0.1966 m
Displacement 6238.2 0.23104 m’
LCG 0.0624 0.00208 m
VCG 6.254 0.2085 m
GM 2.426 0.0809 m
Gyradius of Roll 6.23 0.2077 m
Gyradius of Pitch 26.0 0.8667 m
Roll Natural Period 8.9 1.627 sec
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Table 3.15 Factors Adopted for Evaluating Seakeeping Performance

S A e .
a5 B 7_%74]%“5
R M % £

AT 5 FFAY 79 Hees 1yd dr L,
Deck wetness ZAFEP)Y SEAH 2% 10
Propeller Ay T FF Al A 79 Aees 1y3HA 10 -
racing e Aejol A Propeller ¥4 9] 14 =&
S.SA7o A AAnZF3 A, o =T o
gl . Al e gk HuUlEE7E SHASE L,
Amming (Threshold velocity)E Z33f= A 10
@, Threshold velocity=0.09V gL
A A FAdE weather side® bulwark topell &
gE8 F7F weteE AS A HH=E st ¢ T 10 3
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05 (60°) = %{af (0°) +1.50% (30°) + 407 (60°) + 1.507 (90°) + o7 (120°) }

o2 (90°) = %{af (30°) +1.50% (60°) + 407 (90°) + 1.507 (120°) + o7 (150°) } (3-3)
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flo
ON
N

J-of

o
12
Y
ol
ki
ol
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= 52 M W E 2~3km oz o ok &
A 3HA D) whEka] Aube A= Auke] 78] Ao &S vakE HAY Wy o
24 A3 E gats A7k Bk o] w Adubo] whERS wiF 7| AA] doprls A
2 (Advance)= EAF H] Zole] 5u) olstolmm FAS 31 Frre] B 4 9

o} ol g gk oJwol A M3 A(Tuming circle)o] 2&5% A3]4d-50] ¢35 Aut

g

S} 2ol AAE wi7hx Hagh At Ad Aol
=

FAYL B 5 Qe Z2aest Ao das

Samuelides et al.(1984)e] ©]3A% Zo] gomo| 4t == AurE Fof| A oF 5%
= d FEALE A8, o] T oF 80% v vE Aurate] FEARALY Ao
2 ZAE AT = s Ferd Al Aol Al Al E sk 2002~2006 7HA €] 51 7ke
A FAA TAAEE AHEW(Table 1.1 9 1.2), Aol A9 Aol 5 FEALLL
7} 76%% 7h A dEbda gtk 7 9o 2E AAAEC] 8% JHF 2
ARH25%) LE 3l 2 A5-AHG%) &

ﬂ,J

FEATY E UE olfRE Av AAe] 2% B 7
Aolth. B3], A4 0w AaL S19Ae] ¥ Futolt ek sl el A o] §%A}
a9l WE AR ol A4 BFed 990 @ 5 gtk o
MO A F712ke] 23 AR5 A5 A9FE) AL wpgor Hu

z£4 7](IMO Maneuvering standards)g A A3, Zo] 100meolde =&

-
off
pay
H

o

byl 1938l ES FEske AvHEYA L LNGC(Liquefied Natural Gas

Carrier)x= Zolo @Agle] o] A 485 TE= dhal vk o]#d V&=
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v} 2o A $Hd AE (Results of sea trial) = o] & o] &3lo] A Qar, 1 1
20 2% Speed trial, Turning circle test, Crash stop test, Inertia stop test,
Zig-zag test, Spiral maneuver test 5 ©] ¢t} Figure 4.1 Bridged] A ¥ A

b 23T AS Alads HERRaL 9T

2007/06/08

Figure 4.1 Ship's Maneuverability Measuring System
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4.2 IMO %A 71+

A 3 A & (Turning test), A LA ZA & (Zig-zag test), LA A & (Spiral test), A A
A8 (Crash astern test) & 47}X] ZEA&o] uF 2EAF oz AAH ),
IMO°I A QEA & $3le] 87313 = 2FA 7|2 Table 413 231, o5 7+

AEe) A, 1R 2E A 5 ake] Bl tiste] Ay wgrh”

Table 4.1 IMO Maneuvering Standards

Test Item IMO Standards
+35° Advance 4.51L
rudder angle Tactical Diameter 5.0L
Turning ability
-35° Advance 4.5L
rudder angle Tactical Diameter 5.0L
First i
10°/10° hoot 1 10.0
Yaw checking & ) OVershoot angie
) Zig-7ag Second )
Course keeping 25.0
bilit overshoot angle
abiity 20°/20° First Q
) 25.0
Zig—7ag overshoot angle
+10°
. . Path Length 2.5L
Initial Turning rudder angle
ability -10°
Path Length 2.5L
rudder angle
Stopping
o Crash astern Track reach 15.0L
ability
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A3 A A(Turning test)> ¥4 S2(Be AAEE)E ARt Hd ez
35)0% 83 A0S AojsA &
3 A% Wrlx FAsth AFo] A RHW Azt wEl Wl A Az A
uho] Al A& 7] E3Th Figure 427 A4 dnpttse] M3]dA& vebd Aolth
714 Az A (Advance) ¢t 7FE o] & 2l (Transfer) & BE &g & dubo]

90" AT WA o]FF AW} FgLe] o BAE LheuE, &A%

(Tactical diameter)< 41dro] 180" A& wi7lA] o]&3k gk Aol A
A= Aol Yebd Hol&ES M3lste] 3oe o 2a3k JaAgds A

oA M3leHs ddstE FR3 golth IMO xEA VlEs WEsyd
Table 4.101A4] ¥.2zo] 35" Bz} 22 Hull ebzbol A =333k A3 A g Aol A ¢

AR AE7F Ak Aolo] 458 o]s}, A d s A7 o] dut Zole] Suf o]3h7} &
ook 3t} Figure 4.2 2 Table 4.1 oA M o] dnlrlse] A3 A& A=

IMO x=F4 7|&e & wEshal v

500 -400 -300 200 100 0 100 27h400:02:50)30 400 500

Figure 4.2 Turning Circle of T.S. HANBADA
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WA TS 2 u 7] 93 Ald o R Zig-zag test’} AU} Zig-zag testi= YA
Sh(EE AASE)E ARstohrt Bbs 100 =83 A3 sk ke Azt
1079 =239 g E vhd wgo R 107 Edvh 932 vk o M 57te] 107
7b HE oA vk ke w B s B Hid, o] W e Zig-zag %
Al B2, o] & Zig-zag testz}al $Th S FEHE AP 107107 2 20°
/20° Zig-zag testo]th. Figure 4.3 Zig-Zag TestZ & uf Al=9 23} A4

mlo

EFE didlgFo 7 A%dt Ton ¢ Eolrle 2% E Overshoot angle o] #fat
&

52 BEshE AR A

o
£
Sl
=3
2
o)
-
=3
2
o
<
(¢}
=
[02]
=
Q
@)
-t
=
w®
o
o
g
ot
o,
ol

skt}. &, Overshoot angleo] AW ZF45 WAl o] Y Mulo] Ht}

Ana Spaad RPM
40 1] !

Lalaladafotabobalolalolalolelal

-4
[Deq.)

—a—a— Yw Annie —a—a— Hudder Angle —a—»— 5hip Speed ——— RPM

Figure 4.3 Zig-Zag Test of T.S. HANBADA
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o

8k 107/10° Zig-zag testoll A A 5ol BFE &&]al A¢7zbe] 107 =3k A

S %7]4 38 A 7H(Initial turning time)©] k3L =] 7] A3 58-S YER =

2 ALE3Y & o] oY B E £ $ dvhy wy] A3k A
5]

F AEAE & U IMO =284 7|ES ©E3HY

B
i

A"
o

testoll 4l &= 3 WA Overshoot angleo] 100U, F+ WA Overshoot angle©] 25°
olu, Z1e]laL 20°/20° Zig-zag testol| A= 3 WA Overshoot angle©] 257¢]4] 9]
ook 3t} Figure 4.3 2 Table 4.1914 H.%o] 3ultlss IMO =24 7|&S
Z wEEskar Qv

A A A& (Crash astern test)S Z 2 e]e] FAHo| o)alo] Mubg X AL
T e eHe H®IUshrl f% Adelv. AXAEL HUSHER X (Full
ahead)stth7t 2=AHE 7hegh A 3,2 A (Full astern)A 21 5 A4t
of ¢kxs] A wW7tx e A(HAAAA)E FAs= Aot IMO =F
A 71Ee AR AYZF A Zole] 158 o] o]t} Figure 4.4 2 Table 4.1 4] X

%ol it se] AAAE Ay IMO X284 7leS wEsha 9.

" E 3 ;
1 = | - - i
15 | -
2 \ i
14 = - & L 3
- 12 | \,( . g < ..'-’_
P L. . e P, Bk,
I - “w, b ol
S > = I £
F A F e i3
P - a0
L - T
- ™ ll.
o = [ [h 3
L = P e V e 5 3
- o & ! X, 350 4 i) 8 ]
L | N .'
\ - . ot p
B | . - W
- - L » | 1
C | . . | - .:'.l
- o Mpp g, + 2
L i i =
= 2 n’ R L e e
" e
- ha S 1
- - .I d
}
——a— RPM —a—8— 5Ship Spesad —4——  Yaw Angle — Distance

Figure 4.4 Crash Astern Test of T.S. HANBADA
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L} A1 8 (Spiral test)> Auke] AzorAAdS Aoz 437
It Alge Agol B4S 3 20°(STB'D 200)& A &ste] 15°%, 10° 502
EF7ES Z vl vk EbzE #d 20°71A] s theels vhalE S
A& 20°(PORT 200914 Al&tate] 15°%, 107 5 o2 ezh-s 2971, ¢4 207
THA AZA RS At A4 A A el A AR duke] A%

tstel 19 A4S BB YA (Spiral)e] T &=, o] Ao zRE Aute] =l

44 A5E B9 5 9

&
>
o

o

o=
ot
i
AN
)
e
=
o
roi
rx
L)
flo
o
ol
M
rx
ot
=
(ld
s
o
&

FUDDER ANCLE

-79.0 - 18.0 10.0 -5.0 olo .0 2.0 5.0 i

Figure 4.5 Spiral Test of T.S. HANBADA
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Figure 4.6 Photograph of T.S. HANBADA
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431 9’ Hvtel A3

LI 7 AAS dFAELS 20079 5 204 7 29 T Abdlol] AAA A
Alstlon, 2098 @ (Starboard) 2.2 EFZF 357, 207, 10°9] A A P& A5
AaL, 29¢ & Fd (Port) &2 EHZF 35, 207, 10°2] A3 AL A A e} o8
AN Azl 3 A5 Ad AAF Ad AFANE A5E HPs 3
7FA] Bl B S A A S TE B3 Table 43914 ¥z nhe} o] Mg A E S A
AlstaA BHE Eds ARFE Adezbo] dld Bte] =g urhA| o] ARbE
=R 3= o]E Z7]) A3 A 7HInitial turning time)o] &} daL, 7] A3 5H-S
UEtd= A s AR 5 o] gte2 5 BHE =9 =
AFp7bs 48 F AEAE & F Utk AIAE S AAPA FA e Ak 2 &

3=

A& Table 429 72t}

Table 4.2 Ship's Conditions on Turning Test

Date 2005. 11. 18 2007. 5. 20 2007. 5. 29
[tem
Displacement
5529 6125 5846
(ton)
Draft(F/M/A)
ra( | 4.6/5.3/5.8 5.3/5.7/6.1 5.3/5.5/5.7
m
Trim
1.2 0.8 0.4
(m)
Ch 0.549 0.563 0.556
Beaufort Scale 3 3 3
Depth
110 65 60
(m)
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Table 438 Z7|AIANE thFdh AFAPE Fate] FAe Aot}
Table 41614 & = gl%e] IMO &4 7lEdAE 2 7ol &4 (Path
length) &= ¥ A] &9
g Agls dubdole] 258 ofyjolefof gt} ghnirts =
Yl 35° Epel A& 250 WA 2ol IMO 7158 F wEHeta gk &30
e Aol g Bk AdFsted Age ARk g AU, oF
Az Fatete] Astel B A} Ao vkl on, 3 Bto] ARFE A3
A& EE AXY SFEAH Mg sy 2 AS o dojds & 5 9

AT}

Table 4.3 Initial Turning Time of T.S. HANBADA

Rudder
Angle(®) 5 10° 20° 35°

[tem

Time to arrive

2 3 §) 10
Rudder Angle (sec)
. ) 16.5kts 21 22 26 28
Initial Turning
Time (sec)
13.0kts 26 28 34 36

16.5kts | 178(1.71L) | 186(1.79L) | 221(2.13L) | 230(2.21L)
Path Length

(m)
13.0kts | 174(1.671L) | 187(1.80L) | 227(2.18L) | 240(2.30L)
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Table 4.4 Turning Ability of T.S. HANBADA

Rudder Port 35° Stb'd 35
ngle(")
Item Sea trial |Measurement| Sea trial |Measurement
Speed(Initial/End)
P 17.6/6.0 12.9/5.9 17.5/6.8 12.3/5.9
(kts)
Advance
(m) 329(3.2LBP)| 294(2.8LBP) |311(3.0LBP)| 302(2.9LBP)
m
Transfer

(m) 195(1.9LBP)| 196(1.9LBP) |193(1.9LBP)| 190(1.8LBP)
m

Tactical Diameter

(m)

374(3.6LBP)| 325(3.1LBP) |407(3.9LBP)| 368(3.5LBP)
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Table 45~4.6 % Figure 4.7~4.11914+ ¢85 FHdo =
H(10°, 20°, 35°) A3de] V& vusklar, 3 M3 E dEster A8 Y e
A ZHE FABATE Bbo] 35°0) A4 10°= FropA thol uhe} Ay} 2 A3
Ao &7]17F A7) 43m, 78m LE I 129mE FH T Ao E Kolw, B} 35°R
A3)E e A-7F B 10°® A3Esle B-ut A3de =2vvF 12 A=
astal, ¢hde] M3 E ek Helw AR e S0, i £

Ham: 2 AolE Holal gk

Table 4.5 2007 549 20¢ AA g 34 ANJo g2 5 SR I3
shalth. B4 35°2 WSS A FA7E 2001, A& AT Fo| 3.5

JN

=4 Q) o]l IMOONA L78te 224 7|+ 27/U5L) B A% AA
(GOL)e WelE & wEeta )

Table 4.5 Turning Ability of T.S. HANBADA(Starboard side)

Rudder
Angle(®) Stb'd 10° Stb'd 20° Stb'd 35°
[tem
Speed(Initial/End)
peedtalEn 12.3/10.3 12.5/8.6 12.3/5.9
(kts)
Time of Turning
) 8'-07" 5'-56" 5'-03"
(min-sec)
Advance
(m) 516(5.0LBP) 425(4.1LBP) 302(2.9LBP)
m
Transfer
(m) 421(4.0LBP) 250(2.5LBP) 190(1.8LBP)
m
Tactical Diameter
(m) 781(7.5LBP) 528(5.1LBP) 368(3.5LBP)
m

Table 4.6 2007 52 29¢ AA|s H3d Aoz BHF HHo =z M3
k. BbzF 35°% M 38 Ao E77F 2.8Lo|a, HWEA3s| Ao 3.1LE
=74 Ak #Ad =3 IMOoA a8k =T34 7o F7(4.50) 3 A+ 3
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AAGOL WAE % wEsa k.

Table 4.6 Turning Ability of T.S. HANBADA(Port side)

Rudder
Angle(®) Port 10° Port 20° Port 35°
[tem
Speed(Initial/End)
pecdiimitialEl 13.0/9.4 13.0/8.0 12.9/5.9
(kts)
Time of Turning
] 7'-11" 5'-38" 4'-53"
(min—-sec)
Advance
(m) 484(4.7LBP) 408(3.9LBP) 294(2.8L.BP)
m
Transfer
(m) 351(3.4LBP) 246(2.4LBP) 196(1.9LBP)
m
Tactical Diameter
(m) 652(6.3LBP) 450(4.3LBP) 325(3.1LBP)
m

Figure 47¢ B}2F 35°2 @3 daloz 47 A5a dsae) 278 v

Wk Aolvh, Aoz M3 A4 Asdo] 48mA e A A4 AT

3001 -1~ 300

2001 =T 200

180°(00: 02: 24)

180°(00: 02 25)

1004 100

Tt
27P(00: 03 42)
-a0 -300 —onp 2TO(DC:03 A, ] 100 200 am a0

Figure 4.7 Turning Circle of T.S. HANBADA(R/A 35°)
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Figure 482 B}7} 2002 $d¥ HF oz 77k 433 AEdAg a7E v

- - o = o - -
wgk Aojvh, o2 H3|gk A d3]do] T8mARE A A S H A
5004 + -+ 500
400+ -+ 400
2004 =+ 300
o004 ;05 180°(0002:58) 200
| 1BOP(O0: 02 54)
10—+ —+ 100
i } i
2RO 04 17)
800 -500 -a00 300 200 -100 i 100 200 270P(00: BHgE) 4o 500 600

Figure 4.8 Turning Circle of T.S. HANBADA(R/A 20°)

Figure 49% B2 1002 $d% Fd oz 747k 433 AgdAg a7 v

Wk Aolvh, Aoz M3 A Asdo] 120mAE A AU

B0+ + + &m0
AP0 02: 05
4504 - 450
004 300
08 g r Al
1504 1BIFCO0: 03 36) SBrInos 0y ¢ ! -
180°(00: 04: D)
0 } 0
BEE <-150
270P(00:05:25)
-300 750 -500 -850 -300 -150 ] 150 2T(OBREDD  a5p 00 750 00

Figure 4.9 Turning Circle of T.S. HANBADA(R/A 10°)
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Figure 4.10 ¥ 4112 4 % #FAo = vl 10°9 35°% 43895 4%
3@ AV E v Aot} e 1002 33 A7) 35°= A3 g 4eu
A3sdol 12 A== A3

600 + F o0
90°(00:02:09)
4504 - 450
3004 - 200
1501 360°(00:08: 07) - ¢l asecon:os:na 180°(00:02: 24) 150
180°(00: 04: 04)
0 } t } } t P } } 0
I T O 03 42)

-1504 - = -150
-300 -750 -500 -450 -300 -150 i 150 2TOPLOBGHE D4 4mp 600 50 900
Figure 4.10 Turning Circle of Starboard Side(10°-35°)

90°(00: 01:54)
3504 - <350
36000711}
180°(00: 03 36) -
(e s BP0 04:53)
i } i
ZT0P{00:03: 40
~700 g5 TOP(00:05: 25) 0 E 700

Figure 4.11 Turning Circle of Port Side(10°-35°)
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d 197] dFd

Table 4.7 Comparison between Turning Abilities

IMO Ability of
Test Items
Standards | HANBADA
. Advance 4.5L 2.9L/3.0L
+ 35
rudder angle Tactical
) _ 5.0L 3.5L/3.9L
Turning Diameter
ability
_g5e Advance 4.5L 2.8L/3.2L
dd 1 Tactical
rudder angie S, 5.0L 3.1L/3.6L
Diameter
B, 10.0° 9.0°
Yaw checking| o1 overshoot angle ' '
& .
Zig-Zag Second
Course 25.0° 12.0°
. overshoot angle
keeping
ability 20°/20° First 95 0° 176
Zig—7Zag overshoot angle
+10°
Initial Path Length 2.5L 1.79L
rudder angle
Turning
.. -10°
ability Path Length 2.5L 1.79L
rudder angle
Stopping
. Crash astern| Track reach 15.0L 13.3L
ability
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2 923, o AR 1w 457 (Heading) S 7| SR E TR Age
zE 7 & % 2wl A9 Bz mgssA sddsgon, JE ARE 3

(Heeling), RPM $% 7] =3}l th

Table 4.8& #F&(Port)o. 2 Et7} 35°2 A339S v 7|53 A8 5 932
veb o ok 7 A7 Ag7tozRE 2 A7
2 ko] 2= 2 289 Figure 4.12~4.149 23, Z1gszo) A 7}
A= AR dAGEE(0)F F-of g BF7re] Kol o] 22 ( ¢ = K& ), o] 7]A] 4
A AFKE 7 5 o =3 K62 0638191 X 3 (0.63xK6)9] Al 7hE5} =
ERZ) gbg A1 zke] 1/290 AzRe] zbel| sl RESE AlRbo] FEA ATl &dd
1=

SHAIRE, WS A E Aol & F o] Al wep Mg so] thERR
Arbel ZAol(L)oh A& (weoz Fadste] mAE 4 vk b AMuba} vlasto]
K'7b 2¥ A&57F AXER A7 w25, T'7F 2od AAE Xl e
U-&3kA o] HFgdo] ¢43he oujgit} o APe HHFORE 10° 20° 2
35%0 sk AA BT
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Table 4.8 Test for Maneuvering Performance Index (Port 35°)

, , Rudder ,

Time Heading | Speed R.O.T Heeling RPM

Angle

0 0 13 0 0 0 119
2 0 13 6 0 0 119
4 0 13 14 0 1 119
6 0 13 18 -5 0.5 119
8 0 13 25 -15 0.5 119
10 359 12.9 31 -20 0.5 119
12 358 13 33 -28 1 119
14 357 12.9 33 -30(limit) 1 120
16 356 12.9 33 =30(limit) 1 121
18 354 12.9 33 =30(limit) 1 121
20 352 12.9 33 =30(limit) 1.5 120
22 349 12.9 33 =30(limit) 2.7 119
24 346 12.8 33 -30(limit) 2.7 119
26 343 12.8 33 —30(limit) 2.7 119
28 340 12.9 33 -30(limit) 2.7 117
30 337 12.8 33 -30(limit) 2.7 117
32 331 12.8 o) -30(limit) 3 117
34 328 12.7 33 -30(limit) 3 117
36 325 12.7 33 -30(limit) 3 117
38 322 12.5 33 -30(limit) 3 117
40 319 12.4 33 -30(limit) 3 117
42 316 12.3 33 -30(limit) 3 116
44 313 12.2 33 -30(limit) 3 117
46 309 12.1 33 -30(limit) 3 116
48 306 1.7 33 -30(limit) 3 116
50 303 1.7 33 -30(limit) 3 118
52 300 11.3 33 -30(limit) 3 116
54 297 11.1 33 -30(limit) 3 116
56 294 11.1 33 -30(limit) 3 116
58 291 10.7 33 -30(limit) 3 116
60 288 10.4 33 -30(limit) 3 115
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Figure 412 2 4132 ehz} 10° 2 20°Y wlo] =FA A+E yErd Aoy}
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Figure 4.12 Maneuvering Performance Index (Port 10°)
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Figure 4.13 Maneuvering Performance Index (Port 20°)
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Figure 4.14% €HZ} 35°Y o] &4 A +E5

= 0.05/sece] 3L,

LRl Bolth M8 A (K)

T AF(T)= 13x0]H.
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3 1.6 - T=13sec
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> 12t
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Figure 4.14 Maneuvering Performance Index (Port 35°)
Figure 4.12~4.14% A2 3A Table 499 #t} M3A S AL @ Myt
Aolo| wet detd ¢ glonmz Mukel Ao(L)¢ AH(woeE Fakste] &

Algk o 3l

Table 4.9 Maneuvering Performance Index of T.S. HANBADA

K T K' T Hzx
F/]_ 4(6) = 2= = % 2= A=
(A4 A=) | (FF4 A=) K- L/w | (T uw/l) | $3H(Knot)
Port 10° 0.10 20 0.80 2.50 13.0
Port 20° 0.06 17 0.42 2.13 13.0
Port 35° 0.05 13 0.40 1.63 13.0
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Table 4.10-> sturt 5 9} thE Mdube] xEA A FE vlwdk Aol

A5A drkvtse v Akt wlasto] el el t)&-dhs e o] v

A X WHT 7} il d ez F), 4 A7 Az w45
sl v i Ao A ATHK 7 Bhd o2 ). whehA,
A3 el A M3 tha getd = glou dAY(E

gJlonz duke e Iyl Fo7F a9

=
]T:T}\

Table 4.10 Comparison of Maneuvering Performance Index

A g
Mz o K T K' T 75
° (Knot) B )
SEAN e rE | 17.2 0.04 11.0 0.35 1.24 15°
SEAM e r~E | 157 0.05 6.9 0.36 0.95 15°
ArdAgbd v | 15.0 0.03 7.0 0.22 0.93 15°
Awdgtd v | 14.5 0.1 22.5 0.76 2.94 15°
A 5A 10.0 0.05 13.6 0.46 1.48 20°
A 5A 10.0 0.04 12.0 0.37 1.30 30°
L1 R = e 13.0 0.10 20.0 0.80 2.50 10°
shattl & 13.0 0.06 17.0 0.42 2.13 20°
18] a= e 13.0 0.05 13.0 0.40 1.63 35°
# MAAR FA) 0 detzFe] oy} Ayt
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Figure 4.15 Distance of New Course(35°)
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Figure 4.16 Distance of New Course(20°)
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Port

Starboard

600

600
500 -
400 -
300
200

100

- 500
- 400
- 200
- 200

- 100

—&00 =500

-400 =300

-100 o

T
200

——t——+
400 500 EO0

Figure 4.18 Distance of New Course(10°~35°)
Table 4.11 Distance of New Course(Starboard)
New Course
Rudder
Remark
Angle . . .
30 60 90
10° 210 340 525
. Unit : m
20 200 300 425
(Speed : 13Kts)
35° 125 200 300
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Figure 4.19 Coordinate Systems
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2 Fujiwara et al“Vo] 93] Aoty FA A s}zl &9}

1
_ Epacy(e)ALVa? (4-3)
N, = GO0 ALVEL, -
AL FRFGEA, Voo FE p. F/UE

Aop
Ass 7 CBR\ | 3
//////// m Her
v | Hcéf_’ AL i At _
_ Aft 00 L Fore 8 7

Figure 4.20 Definition of Particulars

L : Length over all (m)
B : Breadth (m)
At : Transverse projected area (m?2)
Ay : Lateral projected area (m?2)
Aop : Lateral projected area of superstructure(ASS)
and LNG tanks, containers etc. on the deck (m?2)

C : Distance from midship section to center of

lateral projected area (m)
Cer : Distance from midship section to center of the ASS (m)

Hgr : Height to top of superstructure (Bridge) (m)
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Hc : Height to center of lateral projected area (m)

Cxy= X,+ Xcost + Xscos30 + X.cosbo
Cy= Ysinf + Y;sin36 + Yisinbo
Cy= N;sinf + Nysin26 + N;sin30
4 7] A1,
Cy o A=

BH C A
Xy = 2 t %1 ATBR e T A L%D

A LH LH A
X, = %y + ap Lé t X7 A, <+ x13A—fR + x14A—OLD

A _ _
+ x5 Lé + 216( 1+x17( €yt

L2)

HBR AL LHC AOD

YA 23 A, t X33 A, t Xy A,

Xy = a3 + x3(

A C C
T X35 L%D T X5 H, T Xy fR

Aop C A
X5 = x5 + x5( A(iD) bt g fR T X5 Lé

Cy ¢ A

Aop C BHpgg

Yy =y + Co ¢ ( — —)!
1= Yo Yi—~ I +y12L+yll AL) +y14H0+915( A, )

A, LH. Cir Hyp
Y:a:yso"‘yleBersQ A, + Yz I eru( B)

Aop BHpgg  _
+ Yss— A, + yss(TT)

Ap Hpg Cpr Ap
Y5= yso + y%lLB + 952( I ) + y53T+ 954(7

32)71

C LHc
+ Yss I T Ysg— A,
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C LH A _
Ny = ny + ny— L + %y ALC + ”13(A_;) s iy
A Ar Axq Car

L
C _ A
Ny = my + ”21TBR T 7y E + 7y OD) Yoy BzT
H _ BH _ A A
+ 795( fR) P mg( ABR) "+ ony Lé + Ny Lé
C BH _ A
Ny = ng + ny, fR #35( BR) Yt oy A;

A7) A9 7} Al thee] Table 4.129F 2t

Table 4.12 Each Coefficients of Independent Variables

m = 0 1 2 3 4 5 6 7 8

Xom -0.330 | 0.293 | 0.0193 | 0.682

X1m -1.353 | 1.700 | 2.87 | -0463 | -0.570 | -6.640 |-0.0123 | 0.0202

Cx
X3m 0.830 | -0.413 |-0.0827 | -0.563 | 0.804 | -5.67 | 0.0401 | -0.132

X5m 0.0372 |-0.0075| -0.103 | 0.0921

Vim 0.684 | 0.717 | -3.22 | 0.0281 | 0.0661 | 0.298

Cy Vam -0400 | 0.282 | 0.307 | 0.0519 | 0.0526 | -0.0814 | 0.0582

Vsm 0.122 | -0.166 | -0.0054 | -0.0481 | -0.0136 | 0.0864 | -0.0297

N1 0299 | 1.71 | 0183 | -1.09 |-0.0442| -0.289 | 4.24 |-0.0646| 0.0306

Cy Mo, 0117 | 0123 | -0.323 | 0.0041 | -0.166 |-0.0109| 0.174 | 0.214 | -1.06

N3y, 0.0230 | 0.0385 | -0.0339 | 0.0023
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Axtel ol gd FAY mAlgE AAer zedee F35 1y e A

Fa Adwroz e A AEE 5 Q= Inoue et al®o] AT wEl o)

, B T ,

Yy =(Gm+14G )1+ o) = Y5y (4-7)
, 0.27 ,

Ny =v(1- = g) N~y (1-8)

Yy = Y,(0) = 5 p, LAU* Vb (4-9)
N; = N;(6) = %puLQdUQJ\C{é (4-10)
Y5'——AR(U—RJ2K (I+apg)cosd
U r (4-11)
Ur )
Ng'=—-Ap Tj K,(xgp+agxy)coso (4-12)



142 %57 2 gz

BEWAA A SHHEA 4 FAH g4l gk e 4 (4-3)4

A (4-12)A7A B A (4-2)el qds B 1/2p, LdU* = Agsd & g

v, ,
Yy B+ AARC (0)()" + Y6 =0 (4-13)
V
Ny B+ A A, A RCr6)( ¥l )2+ N/6=0 (4-14)
%A D, /Dw, A Loa /L(AA/FAT,
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Figure 4.23 Variation of Leeway Angle with Relative Wind Direction
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Table 4.13 Numbers of Tug Boat with Ship’s Tonnage in Japan

Size of Ship

Horse Power & Number of Tug Boat

Under G/T 3,000

S00HP=1 H+= 400HPx2

G/T 3,000 ~ 6,000

800HP=1 H:=+= 400HPx1, 600HP*1

G/T 6,000 ~ 10,000

1,000HP>1 H:5= 600HPx2, 800HPx>1

G/T 10,000 ~ 15,000

800HPx>1, 1,000HP>1

G/T 15,000 ~ 20,000

1,000HPx1, 1,200HP>1 H:=+= 1,000HP*2

Under D/W 45,000

1,500HPx*2

D/W 45,000 ~ 70,000

1,500HP>4 H+= 2,000HP*3

D/W 70,000 ~ 100,000

2,000HP>x4 H+= 2500HPx3

Table 4.14 Numbers of Tug Boat with Ship’s Tonnage in Busan

Size of Ship

Horse Power & Number of Tug Boat

Under G/T 5,000

Avre x|

G/T 5000 ~ 10,000

Avke x 1, B « 1

G/T 10,000 ~ 20,000

Fohe] x 2

G/T 20,000 ~ 40,000

RIAI 3= IR

G/T 40,000 ~ 70,000

Fehel x 1, e 1 e x 1

G/T 70,000 ~ 100,000

Fohel x 1, mebd o« 1, e x 2

Over G/T 100,000

arebe] x 2, tfebe x 2

# At Under 1,500 HP,
sk 2,500~3,200 HP,

: 1,500~2,500HP
* Qver 3,200HP
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Table 4.15+ A4 dvvise] F2kE Bow Thruster®] A Yehdar $)

o Figure 425+ A¥re] FAFAALGC)S 7|+=o 2 A2 Bow Thrusteret

Avle] Tug Boat 91Ac14e) 488 weaes Yehyn o,

Table 4.15 General Particulars of Bow Thruster

ITEMS DIMENSIONS
Model KT-55B1
Maker Kawasaki Heavy Inc., Ltd.
Number of Units 1 unit
Type of Propeller 4 blade, CPP
Propeller Diameter 1,300 mm
Maximum Thrust 67.8 kKN ( 6.9 ton )
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Figure 4.26 Berthing and Unberthing with Bow Thruster
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30m/s
794
119.1
7940

25m/s
90.1
82.6
0906

35.3

52.9

3526
Avke 1

20m/s

Fohe 1

15m/s
19.8
29.7
1980
Awke 2

I+ 3~47)

]

>3

10m/s
13.2
880

Table 4.16 Numbers of tug boat with wind velocity
8.8

LI

-

1.

A=
=

2 x1.54)

(ton)
1
(ton)
A Qv
(HP)
2] u}g}of

EXTENE

[«

o]

-

o}
Ho

HE sukaky, 1959 Abel, 2002 FAE 2003 v v

K

Ao

rl

A

ol v}, A

fveel

&

3

R

=
o

X
o

ol

iz

ojy

- 103 -

o ]

3z
<)

eh

[e)

o 4%

451 9%
Table 4.17



o
K
o
i
ha
)
i
s
DO
Do
e
s
Q
=
i
o
K
2
:Oé
¢H
o =
2,
o)
iz
oZ,
rol
:Oé
o%
>~
>
=
rir
"

8 2% | #®z-H9 | 2545 % 7
2 5 8/34 32/134 22/94 62/254

=
=3 >
A TS FE ALY T S PAT A/ A B S A
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Table 4.18 Maximum & Maximum Instantaneous Wind Velocity

4 A Az | ona o % | B9 B

HofF<(m/s) | 39.5(18:12) | 51.1(16:05) | 35.9(19:51) | 30.0(20:53) | 26.1(22:10)

H i3S | 60.0(18:11) | 60.0(16:10) | 49.2(18:57) | 43.8(20:57) | 42.7(21:01)

#F 0 ()W RE 2003 99 129 I F&Egko] veld A ZHY
#ZF 2 &2 1 7)14A 7121 A] 20039 10E S

Table 4.19 Intensity of Typhoon

T 5 =
oF 17m/s(34kts) ©] 7 ~ 25m/s(48kts) 7] T+
5 25m/s(48kts) ©] 4 ~33m/s(64kts) 7] ¥k
s 33m/s(64kts) 0]/ ~ 44m/s(85kts) 7] 5F
- 7 44m/s(85kts) o] 4
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Table 4.20 Occurrence of Typhoon & Influencing in Korea

4 _
ax 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | A
1971 1 1 3 4 2 8 152 ]6)] 4 2 36(3)
1972 1 1 3 16@ )50 50| 5 3 2 31(4D)
1973 72 |5 | 2 4 3 21(3)
1974 1 1 1 1 4 4@ )50 |50 | 4 4 2 32(4)
1975 1 2) 14D ] 5 5 3 1 21(2)
1976 1 1 2 2 2 143 14@) | 5M | 1 1 2 25(6)
1977 1 1 3 13D 50| 5 1 2 21(2)
1978 1 1 3D 4 182501 4 4 30(4)
1979 1 1 1 2 4 122)] 6 3 2 2 24(2)
1980 1 4 1 4 21 6] 4 1 1 24(3)
1981 2 324D 8 4@ 2 3 2 29(5)
1982 3 1 3 3 15350 3 1 1 25(4)
1983 1 3 5 12 5 5 2 23(1)
1984 2 |55 41| 7 3 1 27(3)
1985 2 1 3] 1 |83 5 4D] 1 2 27(5)
1986 1 1 2 2 3 |53 5 4 3 29(3)
1987 1 1 2042 14| 6 2 2 1 23(3)
1988 1 1 3 2 8 8 5 2 1 31(0)
1989 1 1 2 12 7)) 5 6 4 3 1 32(2)
1990 1 1 1 34D 6 |4@)| 4 4 1 29(4)
1991 2 1 1 1 14 5@ 6@ ) 3 6 29(5)
1992 1 1 2 4 18|51 7 3 31(2)
1993 1 1 142 7D 5D ) 5 2 3 28(5)
1994 1 1 2 172192 | 8 |6 2 36(5)
1995 1 1 12D 65D 6 1 1 23(3)
1996 1 1 2 5D 6| 6 2 2 1 26(2)
1997 2 3 134640 3 2 1 28(5)
1998 1 3 15 2] 3 2 16(2)
1999 2 1 14D 62 6@ ) 2 1 22(5)
2000 2 52 ]612) |50 2 2 1 23(5)
2001 1 2 5 16()] 5 3 1 3 26(1)
2002 1 1 3 153 60)| 4 2 2 1 26(4)
2003 1 1 22 2 |5 |31 3 2 21(4d)
2004 1 2 )5M ) 2 (83| 3 3 3 2 29(5)
2005 1 1 1 1 5 15(1)] 5 2 2 23(1)
2006 1 1 13D 7D | 3| 4 2 2 23(3)
2007 1 1 320 4 15| 6 4 24(3)

* AHREA 7, O FEdgdd 9% v BE 7
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A5 atse] AW SgEe S oy A A-3)dd AHF A
o AP s dAskq abEsalal, AW FehwAe 28 = 3ujel &g
5] ] F

igure 4.283} 7t}

Table 4.21 Wind Force with Wind Velocity & Transverse Area

B ‘ 10m/s | 20m/s | 30m/s | 40m/s | 45m/s | 50m/s

A TUE (ton) 1.35 5.39 1213 | 21.56 | 27.29 33.70

A FL4H A x2.00) 2.70 10.78 | 2426 | 4312 | 54.58 67.40

A F4H A x3.04) 4.05 16.17 | 36.39 | 64.68 | 81.87 101.1

80 |
ol Wind Force * 1
—e— \Wind Force * 2 |
g 60 1 —4a— Wind Force * 3
: e
x50 » .
. :
8 40 ;
B /
L 30 z |
-O
c : /
= 2 /‘ : |
. L |
10 o .
— _—
| ‘//! | I I ] ] ]
10 15 20 25 30 v - "

Max. Wind Speed(Velocity) (m/s)

Table 4.28 Wind Force with Wind Velocity & Transverse Area
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453 5ol @ £4

QurAon oo wzo] slA vige] w Zeld 2ot W& 9F
(Holding power)eleh @tk o] #& 7= siA wheho] TR o

e AEre oa gAdE, 98 Ao % 2 9%

Al wE WFASe weh 1 gro] @Ak RFASE AA % x2dol
wel Adel @Aelut 4ol vE] wie] thiel Aol glou, Juwo
2 A8 BFASE Table 4229 2t Zela @npize] 8 9 9z
8 A}eFL Table 423614 A Al 8k,

b Zo) Aube] v e dukd oz vhd A (4-15)9] wel Aakd)

Pp=P,+P,=A\w, twAl (4—15)
A71A, Po: ste] @9 P, . $%9] #3e
Ag 0 o] A I e
Wa: 58] 5353 We: B2 $55%

2 Al 2 gEe] Aol

Table 4.22 Holding Factors with Seabed

Q= A Mud Sand Gravel | Flat Rock | Dragging
oA 5
AC-143 Aa 10 8 8 25 2

Ac 1 1 0.8 0.8 0.5

Table 4.23 Specification of Anchor & Chain Cable

Ttem Weight Remark
Anchor 2475 ton AC-14
Chain Cabhle 0.04634 ton/m 95 Shackles
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Figure 420914 3w, 974 ol&(Hpo] 288 u 2xute] ta B5d
298 A9e] AFmAs o= 78 747t q,, a2 W CRA
PHAR BEe)sl Po(eAR HFe) wEe)
(Ppe 2(4-16)3h o] EAALY,

P = Ppcosap+ Pgcosag (4—16)

Pr

Pr

Hr

Figure 4.29 Holding Power of Riding at Two Anchors

AREAD F7h2 arEstejof & AR 2l o] A7)
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A%F-9) Zol(S)E o] AAld] wAE FHE 2R o] HU-17e
g8l P& F 9al AFEe) Aol AEH REPololA] AT Ao|E W

ghol .

S =vh(h+2H/We) (4-17)

o714, h & A A B F(Hawse pipe) 74 0]
We @ Imoll dlFeltE =9 F55AE)

H o olgo] o8] gz ggats 4 (E

~—

Hubx] zlefwte] Ade Mud= 133, A dA Bl 27129 Ho|=

Asfulel o] 4 2mE elshe] 2Bm= AU ma, A6 ek
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Table 4.24 Holding & Catenary Part with Wind Force(Single Anchor)

s S5 lom/s | 20m/s | 25m/s | 30m/s | Bm/s | 40m/s
% 9% (ton) 270 | 1078 | 1684 | 2426 | 3302 | 4312
A7 AQ @EE Qelm)| 630 | 1183 | 1467 | 1753 | 2039 | 2326
THE |AFR 2olm)| 1205 | 742 | 458 | 172 0 0
SAFE SR delm)| 1570 | 1017 | 732 | 447 | 161 0
OFE SR dolm)| 1845 | 1202 | 1008 | 722 | 436 | 149

Table 4.25%= Table 424914 Ak 55 ZAeojs Bz drukel 499 i}
Feg AN Astolet glHe] ZalA AQle] Aol A PP oM WEy-
Aozt 0] ®HE Agol= AA #HFHE 1614tone® A tH Anchor
Shank”7} AW A 5~7TAE Selng sFeo] 1445 7a™).

Table 4.25 Holding Power of Lying at Single Anchor

e <} 10m/s | 20m/s | 25m/s | 30m/s | 35m/s | 40m/s
4# (ton) 2153 / 16.14(3F571F ‘021 25
qA
. = 522 | 299 | 18 | 069 0 0
Al e] k= 633 | 410 | 296 | 180 | 065 0
s
9rkZ 743 | 521 | 406 | 291 | 176 | 060
TS 2675 | 2452 | 2338 | 222 | 1614 | 16.14
% w5 A= 2786 | 2563 | 2449 | 2333 | 2218 | 16.14
OxpZ 9896 | 2674 | 2559 | 2444 | 2329 | 2213
(1) Pa = A\ x w, = 10x2475x0.87 = 21.53 ton (0.872 %% 215

S
7
[

Ae X we x [ = 1x[x0.04634x0.87
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Figure 4.312 Table 4.25014 ALt H798 agloz A slo|th F5(9
2)o] e ol uwhe} BAARIS] TFF- Aozt HA oA o] HAA o=
AobA| AL 55 & F UTh Wg FEo] 3bmy/sol’de] HW Anchor Shank’} &9
Al FFasar, wkef g7 g AAARl o3 RFHu 9
Hol| A= AllelME FEIF A2E ASR ol el FFH7E A2 Table

4.22901 4 AAstaL Sl Fiel P E= dFAleE Abgslorstne Y
=)

100

%0 - 7 Shackles |

sl —-—-- 8 Shackles -
—— 9 Shackles

Holding Power (ton)
[6)

10 15 20 25 30 35 40 45 50
Max. Wind Speed (m/s)

Figure 4.31 Holding Power of Lying at Single Anchor
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w9

40m/s

o)

N

=
T

35m/s

47 el a3 (4.31ton) 7

=

=

30m/s

o] =7

25m/s

=
=]

20m/s

A TH7) g A2 wFHol o HH T} o}

)

g Hew 9
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Table 4.26 Holding & Catenary Part with Wind Force(7+2 Shackle)

SEEES

A4r
Ho

T
N
s

60 ==

-

1.

43.12

40.09

224.4
431
77.3

33.02

33.15

204.3
431
7.3

24.26
2371
173.3
192
431
773

16.64
1514
139.3
23.2
431
773

10.78
8.14
103.5
431
77.3
= 307)
113 -

2.70
1.56
20.6
1.56
20.6
44

©J = (Hy) (ton)

H;cosas + Hpocosap (as, ap

2= (Hp) (ton)

=¥ (Hy) (ton)

€

=

(1) Hy



Table 4272 Table 4.260014 AL 25 ZAol= 2HEQl 499 53L& 7
2bek Aitoltt, ejgo] Zrafglel] wat Alel g o] A HFR Aol7t 0ol H
= Agols dA H59E 247t 1614 2 431tono.Z AR A n e A¢
7 Shackles x 275m = 1925m, sA oAl BHHAF7HA ] o] = 25mo|nE
Anchor Shank”} A WA &= Ay of THER o] v #5982 1/4 ad
vt} 2¢]al 35 e 9= 2 Shackles x 27.5m = 556m, sA oAl H 3 F7A 9
ol = 2ome]™ = Anchor Shank’} sAWelA SeEl= 717t of 2T Eoln®

WEHe 4545 et

%

Table 4.27 Holding Power of Riding at Two Anchors(7+2 Shackle)

S 10m/s | 20m/s | 25m/s | 30m/s | 35m/s | 40m/s
44 47 (ton) 2153 / 16.14
(TAF=) A< 572 | 359 | 214 | 077 0 0
o 47 2153 / 431
2 k) A 0.18 0 0 0 0 0
B 2725 | 2512 | 2367 | 2230 | 1614 | 1614
%= w2 ©.5 2171 | 431 | 431 | 431 | 431 | 431
) 4240 | 2549 | 2423 | 2304 | 1wm | 1771

(1) Pa = A\ x w, = 10x2475x0.87 = 21.53 ton (0.872 %% 215
(2) Pc = Ae x we x [ = 1x[x0.04634x0.87
(3) Pr = Ps cosas + Pp cosap (as, ap = 30))

olsh BAF Yoz FARMY WS 0AER sl WuiE AR
Arel AL 8 L 94k =

NN B oo b FEF AT sl BF 94 o] FUAL

il
=
2
N
32
o
=)
o
o
r I
2
R
(il
[@p)
ja»)
o,
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FTEeE)e] Aol wet AAARN] wFR Ao|7} FrolA] #EHS FAH o=
Zolxich AZHE AR A dnyk Ae] m5y) vjwstd 2j¥e] 10m/s¥
= o] 16tonH =] & ApolE Mol HAH o R # o] AsA 20m/sol
o2 A= 2tonFER AA L AoVt FAEIL YHE & F Ik L oFeE o
Al AFEAR] Anchor Shank7} sAHA] S22 HFHo|

7] wEeltl, Y, FFEAE ZF AR Yo FAL wole 2goe] 50m/s

& Aag fA%A

o,

o o277 AE HFEHo U

100
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Figure 4.32 Holding Power of Riding at Two Anchors
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Table 4.28 Holding & Catenary Part with Wind Force(8+2 Shackle)

o T | 1oms | 20m/s | 25m/s | 30m/s | 35m/s | 40m/s
Z ¥ (Hy) (ton) 2.70 10.78 16.84 24.26 33.02 43.12
]9 (Hy) (ton) 1.56 8.14 15.14 23.71 33.15 40.09
4 HeR dol(m) 50.6 103.5 139.3 173.3 204.3 224.4
(k) AT A . . . . . .
g5 deol(m) | 1694 116.5 80.7 46.7 15.7 0
1% (Hp) (ton) 1.56 431 431 431 431 431
+d HEHE dol(m) 50.6 77.3 77.3 77.3 77.3 77.3
F2) AT A . . . . . .
b5 2ol (m) 4.4 0 0 0 0 0
(1) Hy = Hycosas + Hycosap (as, ap = 30°)

Table 4.29 Holding Power of Riding at Two Anchors(8+2 Shackle)

P 10m/s | 20m/s | 25m/s | 30m/s | 35m/s | 40m/s
44 47 (ton) 2153 / 16.14
(8AF) A< 683 | 460 | 325 | 18 | 063 0
o 47 2153 / 431
(2AF2) A 0.18 0 0 0 0 0
e 9836 | 2622 | 2478 | 2341 | 2216 | 1614
% e < 2171 | 431 | 431 | 431 | 431 | 431
) 4336 | 2644 | 2519 | 2401 | 292 | 1771

Pa = As x w, = 10x2475x0.87 = 21.53 ton (0.87-
Pc = A: x we x [ = 1x]x0.04634x0.87
Pr

Ps cosas + Pp cosap (as, ap = 30)
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Table 4.30 Holding & Catenary Part with Wind Force(9+2 Shackle)

e T 10m/s | 20m/s | 2m/s | 30m/s | 3Bm/s | 40m/s
Z ¥ (Hy) (ton) 2.70 10.78 16.84 24.26 33.02 43.12
]9 (Hy) (ton) 1.56 8.14 15.14 23.71 33.15 40.09
4 5 HE ZAol(m) 50.6 103.5 139.3 173.3 204.3 224.4
(9}\]:%> ST = m . . . . . .
g5 deol(m) | 1969 144.0 108.2 74.2 43.2 23.1
1% (Hp) (ton) 1.56 431 431 431 431 431
+d HEHE dol(m) 50.6 7.3 77.3 77.3 77.3 77.3
(2}\]:§> ST = m . . . . . .
b5 2ol (m) 4.4 0 0 0 0 0
(1) Hy = Hycosas + Hycosap (as, ap = 30°)

Table 4.31 Holding Power of Riding at Two Anchors(9+2 Shackle)

P 10m/s | 20m/s | 25m/s | 30m/s | 35m/s | 40m/s
44 47 (ton) 2153 / 16.14
(OAF=) A< 794 | 580 | 436 | 299 | 174 | 093
o 47 2153 / 431
(2AF2) A 0.18 0 0 0 0 0
e 2047 | 2733 | 2580 | 2452 | 2327 | 2246
% e ©.5 2171 | 431 | 431 | 431 | 431 | 431
) 4432 | 2740 | 2615 | 2497 | 238 | 2318

Pa = As x w, = 10x2475x0.87 = 21.53 ton (0.87-
Pc = A: x we x [ = 1x]x0.04634x0.87
Pr

Ps cosas + Pp cosap (as, ap = 30)
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Table 4.32 Holding & Catenary Part with Wind Force(9+9 Shackle)

e T 10m/s | 20m/s | 2m/s | 30m/s | 3Bm/s | 40m/s

Z 9= (Hy) (ton) 2.70 10.78 16.84 24.26 33.02 43.12

©J = (Hy) (ton) 1.56 6.22 9.72 14.00 19.06 24.90

ik HeR dol(m) 50.6 914 112.6 134.2 155.8 1775
(9}\]:%> ST = m . . . . . .
g HE ZAel(m)| 1969 156.1 134.9 113.3 91.7 70.0

2= (Hp) (ton) 1.56 6.22 9.72 14.00 19.06 24.90

e HeR dol(m) 50.6 914 112.6 134.2 155.8 1775
(9}\]:§> ST = m . . . . . .
g HE ZAel(m)| 1969 156.1 134.9 113.3 91.7 70.0

(1) Hy = Hycosas + Hycosap (as, ap = 30°)

Table 4.33 Holding Power of Riding at Two Anchors(9+9 Shackle)

oltl
b

SR 10m/s | 20m/s | 25m/s | 30m/s | 3bm/s | 40m/s
24 47 (ton) 21,53
(OAF=) A< 794 | 629 | 544 | 457 | 370 | 282
o 4 7] 21,53
(OrF2) A 7.94 6.29 5.44 457 3.70 2.82
#% 2047 | 27.82 | 2697 | 2610 | 2523 | 2435
e E A $-% 2047 | 27.82 | 2697 | 2610 | 2523 | 2435
) 5104 | 4819 | 4671 | 4521 | 4370 | 4218

Pa = As x w, = 10x2475x0.87 = 21.53 ton (0.87-
Pc = A: x we x [ = 1x]x0.04634x0.87
Pr

Ps cosas + Pp cosap (as, ap = 30)
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o] A& WatA] fomz HH = A x GM x sind & FHYE 5 v} ug
A AFAE GMS B99S sdss ez o gl dXu, sl
A AR ez Qste] dukeo]l 1008 ZFste] AAMHE 4-57F S8k, ol b
T MAo] WA Hnz GZ& 7 A Fedz A4arzte] wel pate] 59
& ddsteE V|Eo R qbeth

GoZ & 187 A8 4 GoZike FaloF 3, GZ = KN - KG, x
Sin® ( © : Heeling angle )o|t}. o] 7] KNZ2 A AoA AFdhs groz
Trim & Stability Bookletoll A @A) vk sld 5= KNS Zroldlar,
KGo#tE FAle AAdeEolA] dlgs s ghe Zoldit) o & o A E <
GoZ7FS F8lE™ Table 513 2, G.Z 48 Figure 529 Zt}.

e

Table 5.1 Example of G,Z Calculation

Angle KN (m) KG,xsinf GoZ (m)
5 0.779 0.608 0.171
10 1.545 1.212 0.333
20 3.043 2.387 0.656
30 4.478 3.490 0.988
40 5.721 4.487 1.234
50 6.635 5.347 1.288
60 7.181 6.045 1.136
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AREA A = 0.118 M-RAD
AREA B = 0.480 M-RAD
LWl = 0.103 GoM=1,931M
LW2 = 0.155
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Figure 5.2 Example of G.Z Curve

0.0514AZ

t}e- 0 2 Steady Wind Heeling Lever(LW1)& LW1= N Table

520014 FelAaL(A:SH FHHE, ZiErsAerRYy FHd U T
o] A, LW2%& 15xLWI1Z 3 23 HAAS#HE 9nsy, LWl GoZ
A
[e)

Fale] Wb Aol AA 00gtel nhgel )8 Adre] AAbHE g ofvd

Fx)E nbgho] Zojrbe WEo R wmo] o] Aol AHAMH = 7hE v e
W, 02 sFadAenNd 5070 5 AL e guidt oAV sFERA A
(Angle of down flooding)e]&} &2 Figure 5.3°A] H. o] Al4:3}
Hagd = e A, AF e gude] A JAFE AR g

ZHE)S @by, dnvtEe) ezt Table 533 U},
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Table 5.2 Steady Wind Heeling Lever Calculation

Draft(mld), Area | Center | draft/2 | Moment Z Disp. LW1
(m) (m2) | (m) (m) (m3) (m) | (ton) (m)
3.00 1651.00 | 10.99 | 1.50 |18144.49  9.49 | 2658.5 | 0.3029
4.00 1515.00 | 11.61 | 2.00 | 17589.15| 9.61 | 3833.0 | 0.1952
5.00 1430.00 | 12.05 | 2.50 |17231.50 | 9.55 | 5133.6 | 0.1367
5.90 1353.00 | 12.47 | 295 |16871.91 | 9.52 | 6434.6 | 0.1029
7.00 1235.00 | 13.05 | 3.50 |16116.75| 9.55 | 8217.2 | 0.0738
8.00 1126.00 | 13.59 | 4.00 |15302.34 | 9.59 | 9943.6 | 0.0558

~ i "

E Shelterer Deck
Upper Deck

e N

C.L.

Figure 5.3 Angle of Downflooding
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Table 5.3 Down Flooding & Deck Immersion Angle

POINT FRAME Y 7z

1 84515 7.000 13.65 SQUARE WINDOW
2 71573 8.900 10.9 DECK EDGE

Draft Displacement 1 2
2.0 5160 5l 34
5.2 5454 50 33
5.4 5647 50 32
5.6 6067 49 31
5.9 6434 48 29

* Y ! Distance from Center Line
7 @ Distance from Base Line
Point 1 : Down Flooding Angle (Shelter Deck)
Point 2 : Deck Immersion Angle (Upper Deck)

52 IMO B94 7]%3 g} Aulo] B

FJ\B.
oX.

IMO H94 712 Res. A. 749(18)2] W88 41 A¥ria, AF4 shapc
9 F2 AsAE(Loading condition)® #9948 Loading computerE ©]-&

o] AEla, o2 IMO 7% 45 sy 49
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Figure 54 % Table 54+ WA Elol A o] AYydoez GM2 1.93m= 7%
A vEbgth BAFel e AL 282 7P AL, sl ofgk 3
AMZyE 21.8°2 7V A YERST

Righting Lever (Go Z) In METER
1.5

1.1 |
, m‘lw B H‘ H

L I H‘

0.8

‘ | 04
o TR
0lo]/dlo”

60.0 -50.0WZ _4 400;wt 300 2000 “ﬁ
‘ HM‘ Al

AL
i | : }\‘ I
‘ 10.0 20.0 30.0 40.0 50.0 60.0
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| = . N
l 02 |
|

01

-119

Figure 5.4 GoZ Curve(Full Loaded Departure Condition)

Table 5.4 IMO Criteria(Full Loaded Departure Condition)

Items Condition| IMO Criteria |Judgement

Area to ©6=30" 0.260 2 0.055m-rad Yes
Area to ©=40" or Of 0.453 2 0.090m-rad Yes
Area ©=30"~06=40" or Of 0.193 2 0.030m-rad Yes
GoZ at ©=30" 0.977 2 0.2m Yes
Angle at Max. GoZ 48 2 25 Yes
Initial GoM 1.935 2 0.15m Yes
Steady wind heel angle(60) 2.8 < 16" or ©6dx0.8 Yes
Stability arealB] / Roll arealAl 2.936 21 Yes
Down flooding angle(6f) 48

Deck edge immersion angle(©d) 29

Wave action roll angle(61) 21.8
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Figure 55 % Table 5.5+ 1/3 consumed condition®. % G.M-< 1.513m= 4}
Ebutth QEol osh § A 4.170] 4L, ol o gk HAAMES 203 = U

Eb5k e}

Righting Lever (Go Z) In METER
1.3

0.9 “

‘ T
= L w2 — = R e | - o L - — A _
-60.0 -50.0 | -40.0w1 -30.0 -20.0 || -10l0! 0.0 \ 10.0 20.0 30.0 40.0 50.0 60.0

| | i Angle of Ship's Inclination|in Degrees

h 02

06 { =

Figure 55 GoZ Curve(1/3 Consumed Condition)

Table 5.5 IMO Criteria(1/3 Consumed Condition)

Items Condition IMO Criteria |Judgement

Area to ©6=30" 0.204 2 0.055m-rad Yes
Area to ©=40" or Of 0.360 2 0.090m-rad Yes
Area ©=30"~06=40" or Of 0.156 2 0.030m-rad Yes
GoZ at ©=30" 0.775 2 0.2m Yes
Angle at Max. G,Z 48 2 25 Yes
Initial GoM 1513 2 0.15m Yes
Steady wind heel angle(60) 4.1 < 16" or ©6dx0.8 Yes
Stability arealB] / Roll arealAl 3.265 21 Yes
Down flooding angle(6f) 49

Deck edge immersion angle(©d) 31

Wave action roll angle(61) 20.3
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Figure 56 % Table 562 2/3 consumed condition® = GM= 146m=
EbukTh AAdEel o d A AAMS 4770]a, o ok A 1992 1
Eb kol

Righting Lever (Go Z) In METER
1.3 i
g
(,,,,;';»}HH :H‘ il
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T | |
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1.3J
01 1_6L |
Figure 5.6 GoZ Curve(2/3 Consumed Condition)
Table 5.6 IMO Criteria(2/3 Consumed Condition)
Items Condition IMO Criteria |Judgement
Area to ©6=30" 0.195 2 (.055m-rad Yes
Area to ©=40° or Of 0.346 2 0.090m-rad Yes
Area ©=30"~06=40" or Of 0.151 2 0.030m-rad Yes
GoZ at 6=30" 0.738 2 0.2m Yes
Angle at Max. G,Z 49 2 25 Yes
Initial GoM 1.460 2 0.15m Yes
Steady wind heel angle(60) 47 < 16" or ©6dx0.8 Yes
Stability arealB] / Roll arealAl 3.502 21 Yes
Down flooding angle(6f) 50
Deck edge immersion angle(©d) 32
Wave action roll angle(61) 19.9
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Figure 5.7 ¥ Table 5.7 3/4 consumed condition® = GM< 1.34m=

Eb5k e}
Eb5k e}
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Figure 5.7 GoZ Curve(3/4 Consumed Condition)

Table 5.7 IMO Criteria(3/4 Consumed Condition)

Items Condition IMO Criteria |Judgement

Area to ©6=30" 0.174 2 0.055m-rad Yes
Area to ©=40" or Of 0.310 2 0.090m-rad Yes
Area ©=30"~06=40" or Of 0.135 2 0.030m-rad Yes
GoZ at ©=30" 0.659 2 0.2m Yes
Angle at Max. GoZ 49 2 25 Yes
Initial GoM 1.340 2 0.15m Yes
Steady wind heel angle(60) 54 < 16" or ©6dx0.8 Yes
Stability arealB] / Roll arealAl 3.354 21 Yes
Down flooding angle(6f) 50

Deck edge immersion angle(©d) 33

Wave action roll angle(61) 19.3
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Figure 5.8 2 Table 5.8 90% consumed condition® = GM= 1.149m=
b A vErE T AAFel gk A 702 b AaL, o] st

AN 1832 1R A ek

Righting Lever (Go Z) In METER
111
038 }‘ T
| Al
° T
03} sl [ EARHTEERH
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’ ‘ 03 ‘ ‘ Angle of Ship's inclination m Degrees
-o.sg o |
.
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1.4 \} ;
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Figure 5.8 GoZ Curve(90% Consumed Condition)
Table 5.8 IMO Criteria(90% Consumed Condition)
Items Condition IMO Criteria |Judgement
Area to ©=30" 0.146 2 0.055m-rad Yes
Area to ©=40° or Of 0.265 2 0.090m-rad Yes
Area ©=30"~06=40" or Of 0.119 2 0.030m-rad Yes
GoZ at ©=30" 0.566 2 0.2m Yes
Angle at Max. G,Z 50 2 25 Yes
Initial GoM 1.149 2 0.15m Yes
Steady wind heel angle(60) 7.0 < 16" or ©6dx0.8 Yes
Stability arealB] / Roll arealAl 3.247 21 Yes
Down flooding angle(6f) 51
Deck edge immersion angle(©d) 34
Wave action roll angle(61) 18.3
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Figure 5.21 Parametric Rolling Area(Tr=11.6sec)
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Figure 5.22 Parametric Rolling Area(Tr=13.4sec)
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Figure 6.25 Vertical Acceleration(2007. 5. 1)

Table 6.3 Records of Log Book(2007. 5. 1)

. True Wind Wind Sea
Date Position Speed | . . Wr. Temp.
Course Direction| Force | State
07043016, 22N 047l 16.00|  Sw 3 2 Rai 18
126-01E ' amn
34-06N
07043020 . 1
3 196-45E 265 16.50 E 4 3 Rain 18
07043024 > N1 yg0 | 16.25 | sw 6 5 | O'cast 16
126-00E ' cas
07050104 33~ 1N 062 | 16.75 SW 6 5 o) t 17
126-53E ' cas
34-01N
07050108 052 | 17.00 SW 5 5 O'cast 15
127-50E
07050112 34743N 030 | 16.75 SW 5 5 o) t 20
128-54F ‘ cas
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Figure 6.4 % Table 6.4:= 2007 9¢€ 199 A A|g 22 AZ A GA19 A
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Figure 6.26 Vertical Acceleration(2007. 9. 19)

Table 6.4 Records of Log Book(2007. 9. 19)

. True Wind Wind Sea
Date Position Speed |__. . Wr. Temp.
Course Direction| Force | State
07091816, + N | 079 | 10.75 E 7 6 | O'cast 25
127-48E ' cas
34-27N
07091820 . '
918 198-30E 058 | 13.00 NE 7 5 O'cast 24
35-05N
07091824 . '
9 199-15E 036 | 13.50 NE 6 5 O'cast 24
07091904 >N 1014 11375 N 5 5 | O'cast 24
129-40F ' cas
07091908 35~ 13N 222 | 14.50 S 3 4 O'cast 25
129-46E : cas

Figure 6.5 ¥ Table 6.5 2007 10€ 179 A A1t 3% AZ A GAl9] A

ST 24 Astsh FAAAL 15S etk B4 SEE 56)°]

- 157 -



Sea State 5(6)
- Hgk : 0.8¢
- 1/3°l%k : 0.6g
- Bow/Beam Sea

| | | |
0 4 8 12 16 20 24

( FwdPortStress | MidPortStress | Mid SthdStress |  ARPortStress |
[ Engine Rpm T Log Speed T Wind Speed T Wind Direction 1 '
f Bow Acceleration T Aft Acceleration T Trim T Heel ] '

Figure 6.27 Vertical Acceleration(2007. 10. 17)
Table 6.5 Records of Log Book(2007. 10. 17)

. True Wind Wind Sea
Date Position Speed | . . Wr. Temp.
Course Direction| Force | State
o7101712 OTION 17 110000 | NE 5 3 | O'cast 26
108-19E ' cas
07101716| >N | 165 | 14.25| NE 5 5(6) | O'cast 27
109-08E ' cas
14-40N
07101720 ) '
L09-p0p | 169 | 17.50 N 5 5(6) | O'cast 26
13-34N
07101724 165 | 17.75| NNW 5 5(6) Rain 27
109-46E
07101804 12725N 175 | 18.00 N 4 4 o' t 27
109-52E ' cas
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Table 6.6 Percentage of Seasickness & Vomiting

No. Date Male Female Total Remark
0007, | B6/95(59%) | 29/34(85%) | 85/129(66%) | sickness

! 5. 1 15/95(16%) | 11/34(32%) | 26/129(20%) | vomiting
0007, | 38/68(56%) | 17/17(100%) | 55/85(65%) sickness

’ 9.19 8/68(12%) 5/17(29%) 13/85(15%) | vomiting
; 0007, | A7/71(66%) | 19/19(100%) | 66/90(73%) sickness

10.17 15/71(21%) | 11(19(58%) 26/90(36%) vomiting
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Fig.6.6 Cadets having Motion Sickness(A)
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Fig.6.7 Cadets not having Motion Sickness(B)
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Figure 6.31 Symptoms with Motion Sickness

Figure 6.32 Undesirable Phenomena with Motion Sickness

- 162 -




3.1.2 Autst vpx o

T ¢
1.

ol A

e
-

il

St

o] T8

2 AVNRAEF)E AdSE du)e] WA E] AA x4}

St

st

°©

@

0.3go]al, &
N

ok
o] n}

=

Al

-

1.

7]

ojy

F35 7453 A(Figure 6.1)0] LhEbd Hhe} o] 4~8% Abole] F7]

W)
=

o= dyA Slvh weEbA, AA

ojy

—
o

ojy

i

?:51_

=1
[¢]

el w7

g, F7), FEsh

ojn

o}
s
=0

A}
N

<

3

TN Te)E

Head Sea)

}H Figure 6.11~6.149} 2t}

5

Pz} (180
- 163 -

A wpaE AN



il

°
pad

73 5-0l]
F7)7F A~8x= Hu|o] WA Eo] Ui

-

1.

= A

o] 50mel 4

o)
3] - (Beam sea)Z

L

Figure 6.11
=7 2

e

B

A

‘H
i

ol A

.]

%
L

50m)

20

floF &
40

I

2

5}5

3
80

100

Encounter Angle (degree)
o] Z+ZF 100meF 150mgl 4-%-=,

120
o

L

Avdoll A g Brom
140
RN

34

e

160
4~8

Figure 6.33 Encounter Period with Encounter Angle(A

180
)=

T

=]

18 | —m— 10kt
14 | —@— 40kt

20
Figure 6.12¢} Figure 6.13

717) o

(08s) J81UNOOUT BWI |

e

—_—

o

- 164 -



Time Encounter(sec)

Time Encounter(sec)

0 l: 1 | 1 | 1 | 1 | i | 1 | 1 | 1 | 1 |
180 160 140 120 100 80 60

Encounter Angle(degree)

Figure 6.34 Encounter Period with Encounter Angle(A=100m)
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Figure 6.35 Encounter Period with Encounter Angle(A=150m)
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