g
M
Mﬂ
Tor

=
o
Ho

B
T

w

r—

T

Jlo

el

;oo

50w ABFAARY &

A Study on the Enhancement of Maneuvering Ability for

Customs Patrolboat of 50 Tons Class

84

2004

o

Tor

!
%)

"o

E

o

AL
0°
"o

o

o



g
HJ
oF
o

T
Tor
Ho

B
T

%

p—

re

JJo

0

;oo

502w AAAAAY &

A Study on the Enhancement of Maneuvering Ability for

Customs Patrolboat of 50 Tons Class

]

o

3

2004

G

o

e
%)

o

B

o

AL
o0
o

™

o



w0
NE

r—

0

g
HJ
oF
o

T
Tor

7]

o

84

2004

o

Tor

e
%)

"o

E

o

AL
o0
o

ol

=y
o
Ho
JRi

{]

ﬂv.o

o
Tl

!

~



I

A1ZF A &

L1 Q0] B 7D coeeereeeeeeseieeieiei s
1.2 Q1 FE0] LA s
1.3 01 FE0] HEH corerier et

A2 ABARAAL] 93

21 ABARANAR F7 2L WA 3

211 ABZFA AL FETF e
212 AALY NI T AT e
213 ABAAAL A )X TTF oo

22 AARANE 923 AF

221 AFTZAALY ATF
222 ATZIAA LY QT e

23 ABRAA +8&3 ¢AEF

13



—

:A_I
A=
_lmo

o

20

FA=2 Hw

o
o

24 9% AMBIAA

e

24.1

il
o,
]

-

Yl

2.4.3

=L
o

&

244

—

il

A

=

246 o= ZAA 9

31

A 37

32

32

pzel

il

T

54

32 MBRAR AL

RN

By
=

3.2.1

J

T
=

A2 A

l
=

A AA

3.2.2

A3d A Y

3.2.3



24 A9

3.24

ERL

3.2.5

o

N
Mo

61

JJe

BK

61

41 N.SM.q 9%

4
o

e

o
JJo

jze]

~
;OO

or
T

~

4.1.3 N.SM.(New Strip Method) &3 A&

e
o
o
o}

gviel

!

o

82

4.2 AAZAAR ¢

P4 QA T

=

Eu 4

421 50w Al

il
e

Ho

422 7]

olw A 74

1

ol

o i

o

NI
o
_

mH
.

fvsel

~

87

2

A5%



A

AAAN A AN A AN AN AN CACACANCANCANCANCANAA
= - =< =< R - S - L - H = B < SN "< BN = SN = < AN - ~ AN == NN -'< B =

5]

AN

kd

A
=3
I
_>|JJ
%

AT ZEAI A AZE IR oevereeseeessess e ]
QB A Fo] ZFAAH] B G F BF e 23
TR BE AP ceeeerereseeseei e 31
}‘\_1:1_]—1-:%]_;1 K_g] %}1\— ....................................................................................................... 37
AEFE p T q@] FE e e, 38
G/T 50BF A|TZAA BT IR T cerererererermrreseeeee e 39
stol=2-2~H g ¥ (Hydrostatic Table) i 53
NSM(NGW Strlp Method) O]:}Eﬁﬂ X]-Ef,_ ................................................... 66
surge S E0] TFIRTF B A s 70
pitch £Z o] 3t ST EA] i 71
heaving € E ol ™ BB E R il 72
roll S F 00 Ul G A sttt ses 73
pitch L E o] WE CE BEA 74
yaw $F 0] T8 S E Al 75
surge LEO] T ST EA s 76
sway $E o] ThE S EA e, 77
heave $E 0] THBF St B Al o 78
roll S0 WTE ST EAl s 79
pitch L E o] WE CE BEA )



<138 2 3 >

vze)

N

!
_—

<ag 2-2 > G/T 100

4|z

~
;00

o

% el

]

A

ks

<29 2-3 > G/T 30=F A3

Mo

7]

=

<Ay 2-4 >

4|z
a%)

e

X
o

<9 2-5 >

<9 2-10>

vzel

4
,;Uﬂﬂ
G

o~ 5

_—

—_—

0

No

=
G
oy

;OO

e

<ag 2-11>

dE AGAH AAE

<y 2-12>

U2 A (moji) Al 2ol

<9 2-13>

<y 2-14>

<29 2-15> 3707] o)

!
_—

b

<¥ 2-16> CCTVel vzl u

<
g

s

§4 2l o]

Aol s

=i
<5

<ag 2-17>

it
a%]

)

o

N

o

<19 3-1 >



3-2 >

3-3 >

3-4 >

3-6 >

3-7 >

3-8 >

4-1 >

4-2 >

4-3 >

4-4 >

4-5 >

4-6 >

4-7 >

4-8 >

4-9 >

4-10>

4-11>

4-12>

4-13>

4-14>

BLO] A TLA] et 33
B o)A TLA TP DI A e 33
B O] 0] T A ZEA] e 36
nght Welght Conditionoﬂ }\1 p/] 7(-5] /\]_ }\] ‘é‘j X].JE_‘_ .................................... 45
Fully Loaded Departure Condition® A1 ¢] ZAFAI G ZFJE coveeeeeeees 48
Fully Loaded Arrival Condition®l A ] ZAFAI G ZFE  coereeeeeeenen 52
A AR AL 5 505 AMIAZAA UE B 60
A O] GAFGTE ST e 65
surge motion Wlth the incident wave angle ...................................... ’70
sway motion Wlth the inCident wave angle ....................................... 71
heave motion Wlth the incident wave angle ...................................... 72
rOH motion Wlth the incident wave angle .......................................... ’73
pltCh motion Wlth the incident wave angle ....................................... 74
vaw motion Wlth the incident wave angle ......................................... ’75
surge motion Wlth the inCident wave angle ...................................... ’76
sway motion Wlth the il’lCident wave angle ....................................... 77
heave motion Wlth the incident wave angle ...................................... ’78
rOH motion Wlth the incident wave angle .......................................... ’79
pltCh motion Wlth the incident wave angle ....................................... 80
vaw motion Wlth the incident wave angle ......................................... 81
BOET A TFZEAIA G B THH I oo 34



A Study on the Enhancement of Maneuvering Ability
for Customs Patrolboat of 50 Tons Class

Jin - Su Choi

Department of Ship Operation Systems Engineering
Graduate School of Maritime Industrial Studies

Korea Maritime University

Abstract

This study is the enhancement of safe maneuvering for customs patrolboat of
50 tons class that customs services possess. That is, this study analyzes safe
maneuvering for the ship of BUSAN365(Ship Number) of 50 tons class which is
disposed at Kamchun Port, Busan.

We exchange a lot of goods with foreign country throughout the international
oversea trade, but a few still smuggle in the way of illegal method.

So in chapter one(1) described the roles and objectives of customs patrolboat to

ban smuggling.



In chapter 2 introduced the characteristics of the customs monitoring station,
and surveillance section. Also this part explains the roles, service management and
the improvement of the patrolboat of advanced maritime countries(Unite State of
America, Japan, Netherlands, Hongkong, Singapore etc). Especially, with these
advanced countries strengthening the ability of information analysis, they
preponderantly enlarge information ability of ships and cargoes. Therefore they
concentratedly input their patrolboat into the dangerous elements and utilize
flexibly a surveillance. That is, we can know they positively operate maneuvering
surveillance system.

In order to perform this task successfully, first of all we must secure safe
maneuvering of patrolboat. So in this study I evaluated characteristics of safe
maneuvering for customs patrolboat of 50 tons class on the base of characteristics
for the stability in regular wave.

In chapter 3 and 4, I compared and contrasted ship stability with passenger ship
and customs patrolboat on the base of the Ship Safe Act to examine safe
maneuvering of ship. And I analyzed a variety of the data from the heeling test
and sea trial test of the customs patrolboat of 50 tons class. Besides I carried out
the motion calculation of the customs patrolboat from the N.S.M(New Strip
Method) simulation that the customs patrolboat motion speciality based on ocean
environmental condition. From this calculation, considered that their customs
patrolboat average speed in voyage, and I also grasped the hull to use 6 free
motion 1n adjusted which those items are wave-length, wave-high and wave
attack angle turned into variable function to use compared respectively analyzed.

In conclusion, we got the following results through the data from heeling test
for stability and sea trial test for maneuvering ability and data from many kind of
prints and also the results of N.S.M. simulation carried out in various sea status

conditions for the safe maneuvering ability of the customs patrolboat.



Firstly, The GM of customs patrolboat needs to 0.354m under status of
Lightship condition, Full load departure condition and Full load arrival condition
according to stability rules of the ships Safety Act. But the results of this ship
heeling test showed that in Lightship state was 1.761m, Full load departure state
was 1.530m and Full load arrive was 1.638m, it means 4.3~5 times higher than
that values of the rule of the Ships Safety Act. Generally speaking, in case of
merchant ship GM is appropriate for 3% more or less in ship’s breadth, therefore
customs patrolboat GM are too excessive respectively.

Secondly, According to the analysis from the results of the N.S.M. simulation
program for customs patrolboat in motion characteristics, among the abreast
motion, Heaving was scored high, while during in the rotating motion, Rolling
was most high. Especially, respondence of Rolling movement was the most high
at the about 90° of wave attack angle against centerline and wave-length is
almost same as the LOA(MAL=1), maximum Rolling was 40°.

Finally, From customs patrolboat in stability and moving characteristics during
navigation in the smooth water area of harbor, the test results showed enough to
navigate safely with good stability. But if wave-length is more than 2.5m and the
ratio(A/L) of LOA and ship-width is nearly 1.0, it will have severe possibility of
Rolling and Heaving, so in this case do not guarantee ship’s safe stability under
normal ship’s speed. Therefore when this vessel navigates in the open sea state,
which needs to research and analyze systematically through vessel valued method

after from this days.
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o Aol A T.& Mute] FaFs (%) p % qF e E
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(Principal Particulars)

2]

Al

19.900(m)

Length Over All

19.000(m)

LB.P

4.760(m)

Breadth(Max)

2.450(m)

Depth(MIld)

0.875(m)

Draft(Full Load)

24.0(Kts)

Speed(Max)

Detroit Diesel 8V-92TA, 650BHP x 2300RPM 2Sets

Main Engine
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<E 34> G/TH0Ew AMARANAY £F dxx

Load Condition Light Ful/Load Ful/Load
Item Weight. Depart. Arrival.
Displacement (ton) 29.805 34.389 31.577
Draft (Deq.) (m) 1.337 1.406 1.364

(dF) (m) 1.246 1.401 1.321
Draft (dA) (m) 1.406 1.409 1.397

(dM) (m) 1.326 1.405 1.359
Trim (Aft.-) (m) -0.160 -0.008 -0.076
M.T.C 0.789 0.820 0.800
T.K.M 3.346 3.109 3.251
K.G. 1.585 1.554 1.586
G.M. 1.761 1.555 1.665
L.C.B.(Aft.-) -0.995 -1.040 -1.016
L.C.G.(Aft.-) -1.418 -1.060 -1.208
B.G.L. -0.423 -0.020 -0.192
L.C.F.(Aft.-) -1.405 -1.299 -1.358
G.Go. 0.000 0.025 0.027
Go.M. 1.761 1.530 1.638
K.Go. 1.585 1.579 1.613
GoM Required 0.150 0.150 0.150
Stab. Crit. Good Good Good
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o
i
%
odk
tlo
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ltem Weight L.C.G |LCG-MT K.G. KG-MT
(Ton) | (m) | (T-M) | (m) | (T-M)
Experiment Condition. 28.932 -1.386 -40.100 1.637 47.358
Added Items 1.455 -2.456 -3.574 1.135 1.651
Deducted Items -0.582 -2.428 1.413 3.055 -1.778
Total (Displacement.) 29.805 -1.418 -42.261 1.585 47.231
Corresp Draft (m): 1.337] M.T.C (T-m):  0.789
Fore Draft (m): 1.246| L.CB. (m): -0.995
Aft Draft (m): 1.406| L.CF. (m): -1.405
Mean Draft (m): 1326| LCG (m): -1.418
Trim (m): -0.160| B.G.L(LCG-L.C.B) (m): -0.423
T.K.M (TR VANS 46| i G (m):  0.000
K.G (m): 1585 K.Go(K.G.+G.Go) (m):  1.585
G.M (m): 1761 Go.M(G.M-G.Go) (m): 1.761

Ao FFAFKRO] 8F5E oMM BAY /F2AS AuvgAgl 4¢d
BA94(G2)& AZ(B)9 00215 EE 0275m F A& ge HAJES Ho] k.
aeEE, ABgAge 394G
GZ = A 3%(B) x 0.0215¥]
= 4.76 x 0.0215
= 0.10334(m)
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Seln AAFAA S he el £AHNS WEAIE ARB)Z el sul, o] 4
AAe B R 20° B AEFYD F Aael Aolofol Hmz o £AL A
@A Agehy obel s gk,

tana = 0.8 tanf3

0.8 x tan20°
0.8 x 0.3640

= 0.2918(m)

wpebA, oA o] AF AR el EAA(GZ)

& Akl og Aew & g glomz o] S AU

flo
o,
o
-4
12
o
o
ot
-4
12
(o
fr

GZ = GoM * tana (m)
GM = GZ x 1/tana
= 0.10334 x 1/0.2918

= 0.354(m)
Go.M Calculated > Go.M Required
1.761(m) > 0.354(m)
A AgAlA & F AT we; o] AAAAA e FAGHE (Light Weight)oll A <]

GME F=da5KR)ol L735t= A4 7|Ex4dd 0.354(m) R AR 2
1761 A A FAE Agete] AN gl o suAER FUge & & 9

o
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(1) A A el Z3hd

1] & = (Added Item)

Weight

Item Weight Total LCG Moment KG |Moment
(Ton) (m) (T-m) (m) | (T-m)

1. Anchor & Rope 0.090 8.500 0.765 1.500 0.135
2. Boat Hook 0.010]  -0.500 -0.005]  2.650 0.027
3. Chair (6ea) 0.030 4.400 0.132|  1.300 0.039
4. Chair (W/H) 0.020 1.900 0.038|  3.200 0.064
5. Chair (lea) 0.015 1.200 0.018|  1.200 0.018
6. Bed Cushion 0.080 4.100 0.328|  1.800 0.144
7. & 3t 7] 0.085]  =7.900 -0.672)  1.200 0.102
8. Cool W. Overboard 0.040]  -2.400 -0.096]  2.100 0.084
9. E/R Grating 0.095]  -2.700 -0.257]  1.000 0.095
10. | W. C Overboard 0.020]  -6.600 -0.132|  1.100 0.022
11. | Sofa Cushion 0.010]  -6.800 -0.068|  1.200 0.012
12. | Inventory 0.095 3.500 0.333]  1.800 0.171
13. | Sofa 0.055 0.100 0.006|  2.900 0.160
14. | Table 0.020 4.500 0.090|  1.400 0.028
15. | Z=et4 Grating 0.030 0.850 0.026|  0.520 0.016
16. | &7 0.060 2.000 0.120f  0.500 0.030
17. | Battery 0.700]  -6.000 -4.200{  0.720 0.504
Total 1.455| -2.456 -3.574| 1.135 1.651
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(2) BAA oA Aefd A

%= (Deducted Item)

Weight/| Weight
Q'TY LCG |Moment| KG |Moment
Item Unit Total
(Ea) (m) (m) (m) (m)
(Kg) (Ton)
Check
1. 1 75.0 0.075 7.800 0.585 3.200 0.241
Man
2. Surveyor 1 75.0 0.075 -5900 | -0.443 | 3.210 0.241
Test
3. 2 216.0 0.432 -3.600 | -1.555 | 3.000 1.296
Weight
Total 0.585 -2428 | -1.413 | 3.055 1.778
(3) Light Weight
Displacement (Dis.) : 29.805 Ton
Vertical center of gravity corr (Kgo) : 1.585 Meter
Metacentric height (Go.M) : 1.761 Meter
Assumed K. G. (K.G’) : 0.000 Meter
Angle of heel (Deg.) 10 20 30 40 50 60 70
Righting lever kn 0.566| 0981] 1.287| 1.553| 1.784] 1907 1.887
K.Go * sin (angle) 0.275] 0.542| 0.793| 1.019] 1.214] 1.373| 1.489
Righting lever GZ 0.291] 0.439| 0.494| 0.534] 0.570] 0.534| 0.398

- 44 -




. Stability Criteria by IMO A. 167° tj

3

Actual
Must greater than |Required
value
Area under cover up to 30 Deg. 0.176 m.-rad. Good 0.055
Area under cover up to 40 Deg. 0.265 m.-rad. Good 0.090
Area betwen 30deg to 40 Deg. 0.089 m.-rad. Good 0.030
Max.G.Z-Value beyond 30 Deg. 0572 meters Good 0.200
Angle at which Max. G.Z. occurs 51.10 degrees Good 25.000
Metacentric height (Go.M) 1.761 meters Good 0.150
LIGHT WEIGHT

— 0.8

€ - /

S 0.6__.._____..7/{...-._. e — R S p—

@l o.4F L

- A / CoM1.761

o ,

= 2 —

= 0.

5| L

m -

{ Illlltll Illllll.l! Illl[llli l.l\']lil Illl'llll lillll]ll l‘ll]lllil
o) 10 20 30 . 40 50 60 70
ANGLE OF HEEL‘!NG 'IN DEGREE (*)

<19 3-5> Light Weight Condition®l] A 2] 74AIAl & A&
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3) WA =34 (Fully Loaded Departure Port)

I Weight L.C.G LCG-MT K.G. KG-MT
tem
(ton) (m) (T-m) (m) (T-m)
Light ship condition. 29.805 -1.418 -42.261 1.585 47.231
Added Item 4584 1.264 5.796 1.355 6.211
Total 34.389 -1.060 -36.465 1.554 53.442
Corresp Draft (m): 1406 M.T.C (T-m):  0.820
Fore Draft (m): 1401] L.CB. (m): -1.040
Aft Draft (m): 1409 L.CF. (m): -1.299
Mean Draft (m): 1405 L.CG. (m): -1.060
TRIM (m): -0.008| B.G.L.(LCG-L.CB. (m): -0.020
T.K.M (m):  3.109 G.Go. (m): 0.025
K.G. (m): 1.554 K.Go.(K.G.+G.Go.) (m): 1.579
G.M. (m): 1.555 GoM.(GM.-G.Go.) (m): 1.530
FEF5TFY AFEHEI (Effective of free surface)
Tank Name I(M™4) S.G. I*S.G.
F.O.T 0.680 0.860 0.585
FW.T 0.270 1.000 0.270
>2(I%S.G.) 0.855
G.Go.=2(I*S.G.)/Disp. 0.025
Go.M. Calculated > Go.M. Reguired
1.530(m) > 0.354(m)
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A AmAA & F Ae v} Fol AFAFAAS wAMEEdE (Fully Loaded
Departurel Port)oll A 2] GM<2 st AgF(KR)e] Q- stes oAXde 7=zl
0354(m) Wt WA 2 1530m)EA o AA FAL Hgstol AL gl oF 43u)
AR FRPE T S Aok
(1) AArAI ol 23w H 5 = (Added Item)

I Weight | L.C.G |LCG-MT| KG |KG-MT
tem
(Ton) (m) (T-m) (m) (T-m)

1. Crews (8p) 0.960 3.700 3.552 1.800 1.728

2. Store 0.360 1.228 0.442 1.561 0.562

3. Provisions 0.100 1.300 0.130 1.800 0.180

4, F.O 96%% 2.476 -0.400 -0.990 1.350 3.343

5. L.O 96%% 0.088 =5.205 -0.458 1.795 0.158

6. F.W 100%% 0.600 5.200 3.120 0.400 0.240

Total 4.584 1.264 5.796 1.355 6.211
(2) Fully loaded departure port
Displacement (Dis.) @ 34.389 ton
Vertical center of gravity corr. (Kgo) : 1.579 Meter
Metacentric height (Go.M) : 1530 Meter
Assumed K. G. (K.G') : 0.000 Meter

Angle of heel (Deg.) 10 20 30 40 50 60 70

Righting lever KN 0.553] 0961| 1.278 1552\ 1767, 1877 1.861

K.Go * Sin (angle) 0.274| 0.540] 0.790| 1.015] 1.210, 1.367| 1.484

Righting lever GZ 0.259] 0.421] 0488 0537 0557 0.510] 0.377
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. Stability Criteria by IMO A. 1679 tj3F =

Actual
Must greater than |Required
value
Area under cover up to 30 deg. 0.166 m.-rad. Good 0.055
Area under cover up to 40 deg. 0.254 m.-rad. Good 0.090
Area betwen 30deg to 40 deg. 0.088 m.-rad. Good 0.030
Max.GZ-Value beyond 30 deg. 0.557 meters Good 0.200
Angle at which max. G.Z. occurs 50.00 degrees Good 25.000
Metacentric height (Go.M) 1.530 meters Good 0.150
FULLY LOADED DEPARTURE

é — ,

8| o6 /

o | 0557 —|— —y— —| = ==~ |~ —

u 1

A= /L — | Max sho / N

= - ‘

2 T Gfuiat —

= 0.2

5| £/

//’m ll!‘l!ll |lll|l|’ll Illl'!lll !lllill]l ISENGEZNS] ll]ltl(!l I)ll'llll
' 0 10 20 30 40 .50 60 70
ANGLE OF HEELING IN DEGREE (°)

<219 3-6 > Fully Loaded Departure Condition®l A 2] 7 AFA] &

A5
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P4 el (Fully Loaded Arrival Port)

=
rl:'[
¢
.
[e2

Item Weight L.C.G LCG-MT K.G. KG-MT
(Ton) (m) (T-m) (m) (T-m)
Light ship condition. 29.805 -1.418 -42.261 1.585 47.231
Added item 1.772 2.318 4.108 1.603 2.840
Total 31.577 -1.208 -38.153 1.586 50.071
Corresp. Draft (m): 1364 | M.T.C (T-m):  0.800
Fore Draft (m): 1321| L.CB (m): -1.016
Aft Draft (m): 1397 L.CF (m): -1.358
Mean Draft (m): 1359| L.C.G (m): -1.208
TRIM (m): -0.076| B.G.L(LCG-L.C.B) (m): -0.192
T.K.M (m):+3.251 G.Go (m):  0.027
K.G. (m):  1.586 K.Go.(K.G.+G.Go.) (m):  1.613
G.M. (m):  1.665 Go.M(G.M.-G.Go.) (m):  1.638
A2 H & 2 (Effective of free surface)
Tank Name I(M~4) S.G. I*S.G.
F.O.T 0.680 0.860 0.585
FW.T 0.270 1.000 0.270
2(I*S.G.) 0.855
G.Go.=2(I*S.G.)/Disp. 0.027
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Go.M Calculated

Go.M Reguired

1.638(m) > 0.354(m)

Aol AsdA & F A= vkt Zo] MADAAY v YA E (Fully Loaded
Arrival Port)ol A el GM<2 A5 (KR)o] 73l oAX9 7]+ 0.354(m)
B "4 Z 1.638m)E2X oA A4S ALkl ALks gkl of 4640 A= 3
s & 4 Ytk
(1) AAA ol Este #H] 5 = (Added Item)

I Weight L.C.G |LCG-MT KG |KG-MT
tem
(Ton) (m) (T-m) (m) (T-m)
1. Crews (8p) 0.960 3.700 3.552 1.800 1.728
2. Store 0.360 1.228 0.442 1.561 0.562
3. Provisions 0.100 1.300 0.130 1.800 0.180
4. F.O 109% 2478 -0.400 -0.099 1.100 0.273
5. L.O 509 0.044 -5.205 -0.229 1.795 0.079
6. FW 109% 0.060 5.200 0.312 0.300 0.018
Total 1.772 2.318 4.108 1.603 2.840
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(2) Fully loaded departure port

Displacement (DIS.) : 31.577 ton
Vertical center of gravity corr. (KGo) : 1.613 Meter
Metacentric height (Go.M) : 1.638 Meter
Assumed K. G. (K.G") : 0.000 Meter
Angle of heel (Deg.) 10 20 30 40 50 60 70
Righting lever KN 0.553| 0.974| 1.284| 1.552| 1.778] 1.896| 1.877
K.Go * Sin (Angle) 0.280[ 0.552| 0.807| 1.037| 1.236| 1.397| 1.516
Righting lever GZ 0.273| 0.422| 0477 0.515] 0.542| 0.499| 0.361
. Stability Criteria by IMO A. 1670 thd 294 =3
Actual
Must greater than| Required
value
Area under cover up to 30 deg. 0.168 m.-rad. Good 0.055
Area under cover up to 40 deg. 0.254 m.—rad. Good 0.090
Area betwen 30deg to 40 deg. 0.086 m.-rad. Good 0.030
Max.GZ-value beyond 30 deg. 0.543 meters Good 0.200
Angle at which Max. G.Z. occurs 50.51 degrees Good 25.000
Metacentric height (Go.M) 1.638 meters Good 0.150
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FULLY LOADED ARRIVAL

— 0.8
€ — /
S 0.6 7
o 0.543— —| = A= —|— — === | — ]
e — /L \
o 0.4 M
- . ax_50[51\
2 [ GoM| 1.638 '
b= 0.2
& —/ i
o .
llll(lll Illllllll 11][[}[[. 'l!|l||ll llll'llll llll'llll llll‘llll
0] 10 20 30 40 50 ‘60 - 70

ANGLE OF HEELING IN DEGREE (*)

<Z19Y 3-7 > Fully Loaded Arrival Condition®] A2l ZAMAI S #F&

5) dlol==-~HYE X (Hydrostatic Table)

E A 9] Draft "0” Point= Baseline 3% 508mm o] t}.

Hydrostatic table< BaselineS "0” Point® 3} 7]o] Draft= Tabledl A ¢

508mmE o 3 oF gt}

o) Light weight*] Displacement = 29.019 Ton

Draft = 0.818m(hydrostatic tableo] A ¢

) + 0.508m =

w2kA ) Light Weight @ (dM) (m) 1.326 - 0.508 = 0.820m

1.326m

Fully Loaded Departure Port : (dM) (m) 1.405 - 0.508 = 0.900m

Fully Loaded Arrival Port @ (dM) (m) 1.359 - 0.508 = 0.850m
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<#E 3-5> dlol==2-~H ¥ I (Hydrostatic Table)

Hydrostatic Properties
NO Trim, No Heel, VCG = 0.000

Draft@ |Displacement |Buoyancy| Ctr. |Weight/ Moment/

Origin | Weight(MT) LCB VCB CM LCE CM trim KMLJ EMT
0.795 21.52 0.960a 0.542 0.66 1.457a 0.77 53.05 | 3.504
0.800 27.85 0.965a 0.545 0.66 1.450a 0.77 52.57 | 3.479
0.805 28.18 0.971a 0.548 0.66 1.443a 0.77 52.12 | 3.455
0.810 28.01 0.976a 0.551 0.66 1.435a 0.78 51.67 | 3.432
0.815 28.84 0.981a 0.554 0.66 1.427a 0.78 51.24 | 3.409
0.820 29.17 0.986a 0.557 0.66 1.419a 0.78 50.82 | 3.387
0.825 29.50 0.991a 0.560 0.66 1.412a 0.78 50.40 | 3.365
0.830 29.84 0.995a 0.563 0.66 1.404a 0.79 50.00 | 3.344
0.835 30.17 0.999a 0.566 0.66 1.396a 0.79 49.60 | 3.324
0.840 30.50 1.004a 0.569 0.67 1.389a 0.79 49.21 | 3.304
0.845 30.84 1.008a 0.572 0.67 1.381a 0.79 48.82 | 3.284
0.850 31.17 1.011a SRS 0.67 1.373a 0.79 48.45 | 3.265
0.855 31.50 1.015a 0.578 0.67 1.362a 0.80 48.12 | 3.252
0.860 31.84 1.018a 0.581 0.67 1.345a 0.80 47.86 | 3.247
0.865 32.18 1.022a 0.584 0.67 1.339a 0.80 4748 | 3.227
0.870 32.51 1.025a 0.587 0.67 1.333a 0.80 47.12 | 3.208
0.875 32.85 1.028a 0.590 0.67 1.327a 0.81 46.76 | 3.189
0.880 33.19 1.030a 0.592 0.67 1.321a 0.81 46.40 | 3.171
0.885 33.52 1.033a 0.595 0.67 1.315a 0.81 46.06 | 3.153
0.890 33.86 1.036a 0.598 0.68 1.308a 0.81 45.72 | 3.135
0.895 34.20 1.038a 0.601 0.68 1.302a 0.82 45.39 | 3.118
0.900 34.54 1.041a 0.604 0.68 1.296a 0.82 45.06 | 3.102
0.905 34.88 1.043a 0.607 0.68 1.290a 0.82 44.74 | 3.085
Distance in Meter Water specific gravity = 1.025. Moment in M-MT

Draft is from baseline.

Trim is per 19.00m
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G/T 50=w AMAAAALY Aled AAA S A AdsAAe S§9HA 8 (Speed
test), 71FAA % A-ZZAF(Crash stop astern & ahead test), A3]AA Y
(Turning circle test), ¥/ Al & (Inertia test), ZE}FA] ¥ (Steering test), 715 ZEA§

o

(Emergency steering test), T714 5 Al & (M/E Performance test) ¢ <TA=Z 49

Hgom, 74 B FAHA AGUEe et 2k

321 %A% (Speed test)

3) 28 g2 FEo| QoA FF FALE £1% o WE itk
4) £9 ASL 2592 (Stop watch)2 8 270 o] AF&-51S]
bgoze et

2]
O 28 A @A 49 =4 O A7 Adr

=
X
A

>

a4 AH Beaufort Scale #3 Aad 1994. 11. 08
i 3 m/Sec T ¥ 3 AT
A s Im 290mm T 5 3.5 m/Sec
s A w) 1m 436mm T A 20 m
E 3 Awl 146mm A5 wF 1.025 g/m’
v = & 31.50 Ton
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M/E RPM Run Time(Min, Sec) Speed(Kts)
o 14 03 & 45 % 14. 36
24 02 2 46 %= 19. 46
1826 (Slow ahead)
ow ahea 02 & 38 % 20. 45
, ]
oo 5/4 02 % 30 % 21. 54
(Half ahead) 02 ¥ 23 = 92, 59
4/ 02 % 01 % 26. 70
2300 (Full ahead)
uil ahea 01 ¥ 58 = 27. 38
99 £PNPL Fohel & £ Ue AL AT Eng, startsto] AEHe 1/4
of 393t Dead slow ahead AFEN7FA & % 3% 4027} A853, 7 2 1/44

S&ot=d dolA Slow aheadell 2 42%, Half aheadel 23 26% —12]i Full
aheadoll 2248 %7} 4&~Q8 50 Eng. startdl A Hd==S S7I7HA= oF 10+ 48%
AE7F 2aFo] o 27Ktse] £8& YHUASS &

JEER o] Aue /%Y Fud goldt B4 UEAS FHGE AL FE

N
%0
o

7)1 As AAEH, A PR o FAR AA g
1) Crash stop astern test : M/E Ht] RPM o2 AR Fo] 3 wag o] XA
7h b AAG A AxAY, AaANE AFe, 31 Jd RPMeo] =
w7k A] o] Al ZFE Al S sk

2) Crash stop ahead test : %

)
Jpx
JE
(o
il
o
Y
ofy
=
r>~l
™
(22
ol
o
=)
£
_>|:4
2
N
N
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=

Hd RPMo]
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el
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e
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A 97A 9
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74,

27,

A o] A 2]

@ 7

ae)
=
)
s ]
Q %2
n < g
© g o
X N
S L
=1 o
©
)
an]
= 4 <H
=0
N_.o
T Ho A+
a 1]
% Ko v,
2| &
s F 8
o To° H
4
- =
T Ho N

Ahead to astern

Direction

3.5 sec

11 sec
46 m

Time (Ship full ahead to Ship stop)

Time (Ship stop to full Astern)

Distance (Ship full ahead to Ship stop)

Astern to ahead

Direction

5.3 sec

6.3 sec

17 m

Time (Ship full astern to Ship stop)

Time (Ship stop to full Ahead)

Distance (Ship full astern to Ship stop)

Ar

)

o) AFHA A

)

46m BEA A 240 =S

-
L

Ho A=

%

)
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SJeEe o Aue A&gs Fol AFWel AFF Y el WA
= A9 38 Aol SF52A7 7heE Aoz Aoy
323 A3 3A AlF(Turning circle test)
As|A el HHe B MIxANTS 47 Y AAsY, o2 SAHAYHES o
L3 2e M/E rpm¥ 2F 79 vFzZH(15°, 35°)dl Ao ¢ Ao =w AAsgoen, A
% gme gt 2
1) F7] 3|45 2) 82 3) A5 G AR A= HNY %27 Aggdoeo=zrn
Bl 420° 2 wji7bA] ASsad) 4) A8 A
o = F 31.50 Ton 3 A4 H Sea stat #3
> % oA F = 5 3.5 m/sec
R B 2738 Kts o, 20 m
Speed Angle 15° 35°
RPM
(Kts) Port/St’bd Port | St'bd | Port | St’bd
1896 £ 9 N 7H(Sec) 111 106 35 36
22.59
(Slow ahead) A5 7 (m) 263 244| 130 133
5300 A8 A 7H(Sec) 41 40 20 22
27.38
(Full ahead) A3 7% (m) 184 179 90 99

S Ejlo] o 4 9= AL SFAE/|F O E Slow ahead AFH| 7}
- 57 -

EEIEEIRE:



oo ave Ae ¢ 5 Qom, Aage) et A o 521w FER uky

Hel 7ol Ao d~6uld e Zerd W n&kMelAt AEo] wmA AN A
Z2FA4% Wbl ddoldel AFHAAF Kb F& & & vk

i

3.24 TA Al d(Inertia test)

S

2 AP HAL2 A Fdl(Inertia Sailing) Aol Auke] wkgAbe) (F A A2, Al

9D AEAEHDE €] A AAET SA WHe M/E Hd rpmo 2 AX Foll 73
AR wE o wgl 73S AXAZ T AAAYE AAG wrpA o A 2 AYE
SAs A, Aol 2Kts o]st7F HW AA g Aoz dgstdon, AFSAELS U
7 o
1) &3 Aol 7] 3 Hd5
2) M/E Stop 7F# 9] 428 Ak 2 A
3) HHEFE MA &9 2kts7F 2 wizkA 9] Azt H A
4) A3 e 2 A
W 5 % 31.50 Ton A AHE Sea stat #3
> st T oA F > & 3.5 m/Sec
A &= 27.38 Kts T A 21 m
M/E rpm 2300 rpm
Speed 27.38 Kts
AR wHEEH AA AR 7A 9 A7 11 sec
AA olF Ad 46 m
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woAge BAe dute g4 gelA] Aue 2F $HL 4] A8 A BT
24 ge b =42 AN

1) 2 A8 F7] 3 A4 2200rpmol A A A5 A

2) 7 7 HAFelA AN FuE fAse] AT} AWARL 59

e
=3

Rudder& 0°~P35°, P35°~S30°, S30°~P35°, P35°~0° +o & Al@dS AHA

=

],

ol
32

ujl 5= =¥ 31.50 Ton ol 3 H Sea stat #3
T % G A F > & 3.5 m/Sec
Angle 0°~ P35° P35°~ S30° S30°~ P35° P35°~ 0°
4 8 A 7H(Sec) 5.24 14.42 15.55 6.19
A ZEHAESE T3t & 4 d+= > Midship(0)ell A Hard port(35)7FA &=

524% ZAe a1, Hard port(35)°] A thA] Hard starboard(35)7} A+ 14.42% Z#A A

Ao 2= 196627 A28 %o Autdb| A A FASE Y= 2825 FHs =
S Qes & F ogom, oe AMEFAS Hrhl oA FEHAAS T $5



)
jl

%€} A3 (Emergency steering test)

Al 542 Adute] ARF 7 27t BE 7hAd skl Advre] wjdzE

olf

gg golny] ol ANTPOH, 4 AL G A2 AN

1)
2)

1826 rpmeo 2 Zx g3 Fol v xEelE wHE e

Rudder Angle°o] 0°~P15°, P15°~S15°, S15°~P15° P15°~0°7}A1 ¢ AJgb& A

aga, AE Ao RE tg i 2

v = =¥ 31.50 Ton 3 &7 = Sea stat #3
T % g AT <+ = 3.5 m/sec
Rudder Angle 0°~P15° P15°~S15° S15°~P15° P15°~0°
28 A 7H(Sec) 1.85 3.84 3.83 2.31

<Y 3-8 > ALAEAe] A4 50EF ABPAA WP BE
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=
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=
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Alell stell Eqd wo] Ao Rl ojgt
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£ =7} Threshold VelocityS = ¥} <
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0.09 v/ gLolaL AAES]

A 35S G. Aertsseno] A ¢t
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=13
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2 7 (Slamming)
2] " (Slamming)
G. Aertsseno] A ¢t
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=
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1+ Ramp gate®}
o

of i
3

2)
Velocity



o 74 7
(Heaving,

274
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0.001(% &
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A 7} 4 = (Bow Acceleration)
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8 (Surging), #F-$ 8 (Swaying), ¥t 8 (Heaving)® Ed i, T 3HLEFL ol 3=
9 522 32 (Rolling), F L (Pitching), A4 & (Yawing)gl E& & LFel o

gol gold 9

, A7l e Abd Ao 2 R

2
oL
(o
it
z
o
§i-2
filo
2
il
o
%
5
o,
S
=

j=)

(i)

3

QJ

al
WS- wl = A}gH(Oblique sea) &= AFH FHFo g2 X E WS uw] =S A}yl (Quartering sea)

ABAZAAA ] FAFo] 5 Ase Auro] FEA FHofd A A &5 AEA
of &3] Al83%t+= N.SM.(New Strip Method)E T3 A&+, uwefo] vk 7}

S AT (180°) A A FIH(000°)7FA S 030° tA SR T/HAE WMERE dHa, AES

2499 F £ 2TKess B5KesE we sk AT 29 A4 £F oL
Aeolgow Wyl waeld dojut MAl SR Faks Aom B4 4 A
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(4m o]ste] stan)o] wWE TE5AH2 &9 daolA TG AA Sdel BlE gt

7A@ e 2ot}

oA s 2o AA LES AN A6 A AngAe 48 5
e 7t wade Ay B4, AY % wdd 52 98 W52 99 dnimd A
Aol WATE 6A4HE £FES ALBTE £ AL Aol At AEAE TR

shol stmste] wdz iz TAAS $HAS g golw (VL) we 4134
NA vrerdth FAAE HALE

(roll, pitch, yaw)e] %o+ &5 Zt& 35 K (K = 2w/N) 9 (VY2 T3 &

(surge, sway, heave):= @9 31 I

624 wEel tiE AA SEAE HAEE A dalM = AFl(surge)E

Xa, &8 (sway)E Ya, %3} 8 (heave) 5o AS Fa(rollE D,

Ll
N
Q

Ku)
P‘L
K
Jotr
oL
Ho

Z Q (pitch)ES O, AF Q8 (yvaw)ES Y& FA| s},

4.1.3 N.S.M.(New Strip Method) ¢ & A&
5055 Al#AA Ao 554 AlE#Ho]l4A N.SM.(New Strip Method) AlAHH S

Aget7) e A ® Ans ek 2

5]

<3#* 4-1> N.S.M.(New Strip Method) 98 A&

No | 49 & TERE ]

50 ton class
1 Custom Ship Name

patrolboat
2 19.00 LBP (AP ~ FP A=) m
3 4.760 Breadth of midship m
4 1.363 Even. Draft m
5 0.540 Block Coefficient : Cb = w53 / L*Bx*d

VCG(OG) : H#&FolA KGE Wzt (FaEFud ofg “+7
6 -0.274 .
VCG = HEES - KG

7 -1.386 LCG(GMID) : CG (Midshipol A4l FPZ ol 9l Suf“+”) m
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No| 49 @ ERE o9

GM : Transverse metacentric height above center of
gravity

3 1.655 GM = KMT - KG m
KMT : Transverse metacentric above baseline
KG : Vertical center of gravity above baseline

9 0.240 Z0A 94 0 Kyy/LBP=0.24~0.26 (%4 Moment o #)

10 0.350 A A Kxx/B=0.35~0.39 (#4 Moment ##)

11 0.940

12 0.950

13 0.960

14 1.040

15 1.130

16 1.180

17 1.230

18 1.235

19 1.240

20 1.300

21 1.363 Max Depth( Hl = %k) m

22 1.363

23 1.363

24 1.363

25 1.363

26 1.363

27 1.363

28 1.363

29 1.363

30 1.245

31 0.360

32 1.970

33 1.990

34 2.030 Half Breadth(¥+& 2o %]) m

35 2.080

36 2.120
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No H=E d=E g 9
37 2.130
38 2.150
39 2.200
40 2.240
41 2.250
42 2.250
43 2.230
s Half Breadth(#% v <)) m
46 2.060
47 1.910
48 1.750
49 1.480
50 1.120
51 0.710
52 0.140
53 1.786
54 1.824
55 1.859
56 1.913
57 1.967
58 2.032
59 2.097
60 2.161
61 2.224
62 2.246
63 2.267 Area(H ) m’
64 2.180
65 2.110
66 1.980
67 1.823
68 1.602
69 1.382
70 1.094
71 0.773
72 0.440
73 0.025
- 1000 IHH : Flag roll damping
(1 : Measured value, 0 : Only wave damping)
75 0.065 B44 @ 3 a7 A
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114 AT 3¢ FAse 50EF ADPAR] LESA
+ FaAste Ao dF 648 &5 AR ol

f

ol

g3 %7 27Kts9 25Kts?l 4 -$-of o

iul
i
N
=5
o
M
o
0]
il
Y
>
o,
vl

& A Al e = 4138 A 71T vpep o] A Aduk Aolnj(A/L)
E WgE b9 dug dojus AA SHAE FALS sto] et w3 9=
of o] whzhE 180°0 4 000°7kA] 30° 1A o' veplio]l 3= opo] mbdzto] mE A
AFTE5ELS FAGAT. e 24 £ 2 addA deade $EA= FAd3} 3
oz W5 (surge, sway, heave)®] ZAfoe @9 Fa(YE, 331 F(roll,

pitch, yaw)el 7ol = ()9t 3 (OE ol §3to] Fa3st o st

Ecl

<E 4-1 >0l M 5 AL AgdE A A&l mek vlasie] B sbgat d A
7b 2 E vl A Ad&o]l wmE 27Kts 9 7b 25Kts Bt} &F 540l A vEy

=i

Aol 44 4sta & (heaving)o] gk HAH7F 1.7 oA vz 9o
A7k 198 7bA AA 4 . AF 2 (surge) +F2
Aol e Aol $9AES Yetdl<= 343 AF87F =22 ML = 2.8 2ol A
A dEba, F90 AujeA fE wE A AR Z e dEdE B
= BEAd. #F58(sway) +F9 4 A} AARF 1.0 F2oA 2 FE HEd
3, shmohe] mhdzhol Aul 060°0] Al A 090°7FA7F G ako] = A O E LhEhyk

JAEFANANE FF8 FF(olling)e]l 7Hd =2A A dow, s MdAart
1.1 2ol A spresbe] whdzio] 090°¢ 4ol 9 A7F 247 7 A Loyttt
8 & %F(pitching)®] 4 -%ol= A3 MAAn|7r 28 F2oA 2A TAst= A4
= Yeuda, et e] whdzbe] Akl 180°¢ A4 120° Wl A Wla A =LA
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1) A< 27Kts (FN=1.017)e1 4 ¢ $EEA

(1) Surge
<% 4-2 > surge w+&°l W SH 54
A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.000 0.000 0.008 0.003 0.000 0.000
0.277 0.000 0.000 0.001 0.010 0.004 0.000 0.000
0.309 0.000 0.000 0.001 0.013 0.005 0.001 0.000
0.346 0.000 0.000 0.001 0.017 0.008 0.001 0.001
0.391 0.000 0.000 0.002 0.021 0.015 0.001 0.001
0.444 0.000 0.010 0.003 0.026 0.028 0.002 0.001
0.510 0.001 0.010 0.004 0.031 0.055 0.003 0.002
0.592 0.001 0.010 0.006 0.039 0.062 0.006 0.003
0.695 0.002 0.015 0.009 0.048 0.085 0.014 0.006
0.826 0.003 0.020 0.013 0.067 0.098 0.029 0.015
1.000 0.035 0.025 0.018 0.127 0.150 0.060 0.033
1.235 0.048 0.037 0.024 0.240 0.390 0.122 0.069
1.563 0.062 0.039 0.034 0.405 0.650 0.263 0.145
2.041 0.075 0.043 0.050 0.532 0.870 0.665 0.330
2.777 0.041 0.065 0.077 0.623 1.020 0.890 0.945
4.000 0.070 0.080 0.126 0.654 0.890 0.830 0.930
2.0
—e— 180DEG
—=— 150DEG
—a— 120DEG
—=— 090DEG
Xa/§ —%— 060DEG
—e— 030DEG
—+— 000DEG

0.0

<Y 4-2 >

1.0

2.0

_70_

3.0

surge motion with the incident wave angle




2) Sway

<3} 4-3 > sway +&°l U3 S 5A

A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.001 0.002 0.241 0.004 0.001 0.000
0.277 0.000 0.000 0.005 0.267 0.009 0.001 0.000
0.309 0.000 0.005 0.008 0.294 0.016 0.002 0.000
0.346 0.000 0.002 0.008 0.320 0.025 0.001 0.000
0.391 0.000 0.001 0.005 0.349 0.045 0.002 0.000
0.444 0.000 0.002 0.003 0.412 0.076 0.003 0.000
0.510 0.000 0.005 0.016 0.476 0.147 0.004 0.000
0.592 0.000 0.005 0.034 0.589 0.299 0.003 0.000
0.695 0.000 0.002 0.056 0.712 0.467 0.008 0.000
0.826 0.000 0.006 0.081 0.856 0.740 0.027 0.000
1.000 0.000 0.017 0.109 1.000 0.974 0.064 0.000
1.235 0.000 0.032 0.139 1.049 1.058 0.095 0.000
1.563 0.000 0.049 0.173 1.078 1.075 0.116 0.000
2.041 0.000 0.069 0.234 1.080 1.098 0.138 0.000
2.777 0.000 0.098 0.438 1.140 1.102 0.280 0.000
4.000 0.000 0.206 0.578 1.160 1.098 0.320 0.000
2.0

—e— 180DEG

—=— {50DEG

—&— 120DEG

——— 090DEG

Ya/$ | | —«— 060DEG
—e— 030DEG
—+— 000DEG

0.0

<19 4-3 >

1.0

- 71 -

3.0

A/L

sway motion with the incident wave angle

4.0



3) Heave

<3 4-4 > heave =l W FH 54

A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.002 0.001 0.004 0.064 0.023 0.003 0.004
0.277 0.002 0.003 0.007 0.131 0.055 0.006 0.005
0.309 0.003 0.004 0.008 0.255 0.092 0.013 0.007
0.346 0.005 0.003 0.005 0.473 0.086 0.009 0.012
0.391 0.003 0.005 0.003 0.781 0.212 0.015 0.011
0.444 0.005 0.010 0.017 1.035 0.467 0.044 0.014
0.510 0.010 0.010 0.032 1.123 0.578 0.069 0.043
0.592 0.010 0.003 0.046 1.123 0.623 0.043 0.067
0.695 0.020 0.012 0.060 1.104 0.627 0.224 0.029
0.826 0.015 0.027 0.099 1.087 0.618 1.450 0.294
1.000 0.029 0.040 0.241 1.073 0.638 1.283 1.712
1.235 0.050 0.092 0.897 1.063 0.693 0.998 1.367
1.563 0.181 0.319 vo11, 1.053 0.768 0.870 1.012
2.041 0.712 1.223 1.678 1.044 0.846 0.830 0.887
2.777 1.540 1.754 1.355 1.035 0.907 0.853 0.863
4.000 1.425 1.379 1.164 1.027 0.950 0.904 0.895

4.0
—e— 180DEG
—m— 150DEG
—&— 120DEG
3.0 — —— 090DEG
—X¥— 060DEG
Za/g —®— 030DEG
—+— 000DEG
2.0
1.0
0.0
0.0 1.0 2.0 3.0 A/L 4.0

<19 4-4 > heave motion with the incident wave angle
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4) Roll

<% 4-5> roll & g & 54
AN/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.156 0.000 0.000 0.004 0.222 0.003 0.000 0.000
0.256 0.000 0.002 0.006 0.378 0.007 0.000 0.000
0.309 0.000 0.013 0.005 0.467 0.013 0.008 0.000
0.346 0.000 0.024 0.007 0.578 0.015 0.001 0.000
0.391 0.000 0.035 0.008 0.725 0.025 0.002 0.000
0.444 0.000 0.046 0.032 0.968 0.046 0.004 0.000
0.510 0.000 0.057 0.098 1.308 0.078 0.006 0.000
0.592 0.000 0.065 0.210 1.785 0.113 0.006 0.000
0.826 0.000 0.076 0.480 2.298 0.296 0.039 0.000
1.000 0.000 0.082 0.690 2.443 0.387 0.092 0.000
1.235 0.000 0.157 0.980 2.345 0.479 0.121 0.000
1.563 0.000 0.287 1.257 2.112 0.567 0.145 0.000
2.041 0.000 0.551 1.680 1.911 0.662 0.191 0.000
2.777 0.000 1.247 1.979 1.621 0.762 0.254 0.000
4.000 0.000 1.489 1.350 1.432 0.862 0.328 0.000
80 —e— 180DEG ||
—=— 150DEG
—A— 120DEG
O/k§ //‘\\\ —-—090DEG
—%— 060DEG
20 —e— 030DEG ||
—+— 000DEG
10
00 *—o ® P ®
00 10 20 30 AL
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5) Pitch

<3 4-6 > pitch +&F° 3 S5 EA

A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.001 0.001 0.013 0.007 0.001 0.001
0.277 0.001 0.001 0.001 0.025 0.010 0.002 0.001
0.309 0.001 0.001 0.000 0.045 0.009 0.002 0.003
0.346 0.001 0.002 0.003 0.075 0.006 0.004 0.003
0.391 0.002 0.003 0.007 0.115 0.062 0.011 0.004
0.444 0.004 0.003 0.012 0.140 0.104 0.016 0.012
0.510 0.003 0.002 0.015 0.141 0.097 0.012 0.018
0.592 0.003 0.009 0.017 0.132 0.103 0.025 0.012
0.695 0.012 0.017 0.026 0.121 0.123 0.144 0.038
0.826 0.020 0.022 0.067 0.112 0.169 0.525 0.201
1.000 0.025 0.033 0.175 0.104 0.239 0.408 0.720
1.235 0.063 0.106 0.473 0.096 0.317 0.363 0.514
1.563 0.230 0.349 1.298 0.089 0.386 0.417 0.471
2.041 0.839 1.267 1.200 0.081 0.432 0.534 0.556
2.177 1.867 1.638 0.866 0.072 0.461 0.669 0.706
4.000 1.567 1.371 0.719 0.063 0.477 0.687 0.725

3.0

—e— 180DEG
—®— 150DEG

—&— 120DEG
9/1{5 —=—090DEG
—¥— 060DEG
2 () {—®—030DEG
—+—000DEG

0.0 1.0 2.0 3.0 AL 4.0

<29 4-6 > pitch motion with the incident wave angle
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6) Yaw

<3 4-7 > yaw +%° o3 &5 54

AL 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.277 0.000 0.000 0.002 0.087 0.001 0.000 0.000
0.309 0.000 0.001 0.001 0.098 0.003 0.000 0.000
0.346 0.000 0.000 0.001 0.114 0.008 0.001 0.000
0.391 0.000 0.001 0.005 0.125 0.018 0.001 0.000
0.444 0.000 0.002 0.011 0.145 0.031 0.002 0.000
0.510 0.000 0.002 0.020 0.174 0.042 0.002 0.000
0.592 0.000 0.001 0.032 0.219 0.053 0.005 0.000
0.695 0.000 0.006 0.048 0.275 0.078 0.012 0.000
0.826 0.000 0.015 0.069 0.331 0.123 0.023 0.000
1.000 0.000 0.038 0.099 0.373 0.235 0.056 0.000
1.235 0.000 0.080 0.145 0.415 0.450 0.100 0.000
1.563 0.000 0.158 0.225 0.425 0.689 0.186 0.000
2.041 0.000 0.240 0.389 0.418 0.676 0.254 0.000
2.777 0.000 0.325 0.395 0.415 0.634 0.354 0.000
4.000 0.000 0.380 0.399 0.445 0.599 0.407 0.000
1.0

—e— 180DEG

—=— {50DEG

—A— 120DEG

w/Kk§ | |—=—090DEG

—%— 060DEG

—— 030DEG /(\—‘\,_\1

—+— 000DEG

0.0

<19 4-7 > yaw motion with the

1.0
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2) A& 25Kts (FN=0.942)c¢l A ©]

=
FE5A4

(1) Surge
<E 4-8 > surge +%F9 I =4

A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.000 0.001 0.002 0.003 0.000 0.000
0.277 0.000 0.000 0.001 0.005 0.005 0.001 0.000
0.309 0.000 0.000 0.001 0.008 0.021 0.001 0.000
0.346 0.000 0.000 0.001 0.009 0.043 0.001 0.001
0.391 0.000 0.000 0.002 0.011 0.071 0.002 0.001
0.444 0.000 0.001 0.003 0.043 0.098 0.003 0.002
0.510 0.001 0.001 0.005 0.089 0.157 0.004 0.002
0.592 0.001 0.002 0.007 0.134 0.246 0.009 0.004
0.695 0.002 0.003 0.010 0.190 0.312 0.100 0.040
1.000 0.007 0.009 0.019 0.401 0.589 0.400 0.240
1.235 0.012 0.015 0.026 0.465 0.723 0.579 0.450
1.563 0.019 0.022 0.037 0.487 0.865 0.754 0.649
2.041 0.029 0.033 0.054 0.500 0.898 0.790 0.756
2.777 0.045 0.052 0.082 0.523 0.734 0.608 0.645
4.000 0.076 0.087 0.134 0.556 0.656 0.613 0.690
2.0

—e— 180DEG

—m— 150DEG

Xa/? —&— 120DEG

—=—090DEG

—k— 060DEG

—e— 030DEG

—+— 000DEG
1.0
0.0

0.0 1.0 2.0 3.0 A/L 4.0
<19 4-8 > surge motion with the incident wave angle
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2) Sway

<3} 4-9 > sway +&° U3 S 5A
ML 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.001 0.002 0.236 0.011 0.000 0.000
0.277 0.000 0.012 0.007 0.261 0.021 0.002 0.000
0.309 0.000 0.001 0.009 0.286 0.055 0.001 0.000
0.346 0.000 0.002 0.010 0.311 0.076 0.001 0.000
0.391 0.000 0.001 0.006 0.340 0.123 0.002 0.000
0.444 0.000 0.002 0.003 0.389 0.212 0.004 0.000
0.510 0.000 0.005 0.017 0.451 0.275 0.005 0.000
0.592 0.000 0.005 0.036 0.530 0.345 0.004 0.000
0.695 0.000 0.002 0.059 0.617 0.445 0.011 0.000
0.826 0.000 0.006 0.085 0.687 0.560 0.038 0.000
1.000 0.000 0.018 0.113 0.723 0.654 0.081 0.000
1.235 0.000 0.033 0.143 0.743 0.775 0.101 0.000
1.563 0.000 0.051 0.178 0.765 0.799 0.155 0.000
2.041 0.000 0.071 0.287 0.780 0.822 0.211 0.000
2.777 0.000 0.103 0.464 0.870 0.843 0.376 0.000
4.000 0.000 0.222 0.586 0.876 0.865 0.498 0.000
2.0

—e— 180DEG

—m— 150DEG

—a— 120DEG

Ya/g —=—(090DEG

—X¥— 060DEG

—e— 030DEG

—+— 000DEG

0.0
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3) Heave

<¥ 4-10> heave +%o°l W3 g EA

AL 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.002 0.002 0.004 0.059 0.031 0.004 0.005
0.277 0.002 0.003 0.007 0.121 0.080 0.007 0.005
0.309 0.003 0.005 0.008 0.233 0.143 0.042 0.008
0.346 0.005 0.003 0.006 0.450 0.132 0.096 0.014
0.391 0.004 0.005 0.004 0.706 0.232 0.102 0.013
0.444 0.005 0.011 0.017 0.845 0.445 0.132 0.017
0.510 0.011 0.010 0.033 0.901 0.522 0.203 0.053
0.592 0.009 0.003 0.048 0.912 0.548 0.365 0.084
0.695 0.003 0.013 0.065 0.915 0.552 0.576 0.306
0.826 0.016 0.028 0.116 0.945 0.563 0.876 0.507
1.000 0.030 0.040 0.283 0.965 0.605 1.154 0.598
1.235 1.254 0.112 0.778 0.975 0.679 1.098 0.745
1.563 1.087 0.383 1.439 0.998 0.769 1.006 0.910
2.041 0.998 1.359 1.363 1.042 0.899 0.923 0.840
2.777 0.984 1.278 1.206 1.034 0.910 0.843 0.842
2.777 0.963 1.256 1.186 1.035 0.907 0.854 0.863
4.000 0.954 1.012 1.030 1.027 0.950 0.899 0.864
40

—e— 180DEG

—=— {50DEG

—A— 120DEG

———090DEG
30 1 ——os0pEG

—e— 030DEG

Za/§ —+— 000DEG
20
—4

20

30

A/L

<Z1¥ 4-10> heave motion with the incident wave angle
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4) Roll

<#E 4-11> roll % W3 & 54
A/L 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.001 0.004 0.465 0.004 0.001 0.000
0.277 0.000 0.001 0.005 0.523 0.010 0.003 0.000
0.309 0.000 0.001 0.006 0.598 0.018 0.000 0.000
0.346 0.000 0.001 0.005 0.689 0.020 0.001 0.000
0.391 0.000 0.002 0.008 0.821 0.011 0.003 0.000
0.444 0.000 0.006 0.026 0.980 0.054 0.005 0.000
0.510 0.000 0.010 0.101 1.109 0.135 0.008 0.000
0.592 0.000 0.053 0.212 1.320 0.221 0.007 0.000
0.695 0.000 0.097 0.321 1.540 0.298 0.006 0.000
0.826 0.000 0.146 0.424 1.750 0.351 0.059 0.000
1.000 0.000 0.201 0.621 2.050 0.425 0.124 0.000
1.235 0.000 0.268 0.876 2.197 0.508 0.144 0.000
1.563 0.000 0.367 1.198 2.123 0.600 0.165 0.000
2.041 0.000 0.602 1.542 1.865 0.697 0.216 0.000
2.777 0.000 1.196 1.698 1.612 0.795 0.280 0.000
4.000 0.000 1.321 1.132 1.178 0.891 0.353 0.000
3.0

—e— 180DEG

—m— 150DE

D/KS —A—120DE2

—=—090DEG

0 |/ —%060DEG =
—e— 030DEG
—+— 000DEG

0.0

3.0

A/L

<219 4-11> heave motion with the incident wave angle

_79_

4.0



5) Pitch

<3 4-12> pitch +&F° 3 S5 EA

A/L 180° 150° 120° 90° 60° 30° 0°

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.001 0.001 0.013 0.008 0.001 0.001
0.277 0.001 0.001 0.001 0.024 0.013 0.003 0.002
0.309 0.001 0.001 0.000 0.042 0.015 0.002 0.003
0.346 0.001 0.002 0.004 0.070 0.012 0.005 0.003
0.391 0.002 0.040 0.008 0.107 0.053 0.013 0.005
0.444 0.004 0.030 0.013 0.136 0.067 0.020 0.014
0.510 0.003 0.020 0.016 0.142 0.077 0.016 0.023
0.592 0.003 0.010 0.019 0.135 0.088 0.029 0.016
0.695 0.013 0.018 0.031 0.126 0.112 0.201 0.046
0.826 0.021 0.023 0.186 0.117 0.186 0.378 0.282
1.000 0.028 0.040 0.325 0.108 0.247 0.307 0.511
1.235 0.077 0.127 0.538 0.101 0.329 0.320 0.404
1.563 0.272 0.410 in"02 0.094 0.393 0.398 0.428
2.041 0.992 1.123 1.198 0.086 0.437 0.533 0.540
2.177 1.511 1.381 0.836 0.078 0.463 0.677 0.708
4.000 1.187 1.098 0.709 0.068 0.477 0.782 0.860

3.0

—e— 180DEG
9/K§ —=— 150DEG

—&— 120DEG
—=— 090DEG
2.0 1 —x— 060DEG
—e— 030DEG

T POORES /‘/\/K:\g

0.0 1.0 2.0 3.0 A/L 4.0

<219 4-12> pitch motion with the incident wave angle
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6) Yaw

<3} 4-13> yaw +&F°l W S 54
AL 180° 150° 120° 90° 60° 30° 0°
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.250 0.000 0.000 0.002 0.073 0.002 0.000 0.000
0.277 0.000 0.002 0.002 0.087 0.001 0.000 0.000
0.309 0.000 0.000 0.002 0.100 0.003 0.000 0.000
0.346 0.000 0.000 0.001 0.115 0.010 0.001 0.000
0.391 0.000 0.001 0.009 0.135 0.023 0.001 0.000
0.444 0.000 0.002 0.027 0.174 0.025 0.002 0.000
0.510 0.000 0.002 0.032 0.212 0.041 0.002 0.000
0.592 0.000 0.001 0.052 0.256 0.053 0.006 0.000
0.695 0.000 0.007 0.062 0.298 0.074 0.015 0.000
0.826 0.000 0.016 0.074 0.341 0.123 0.028 0.000
1.000 0.000 0.030 0.092 0.368 0.217 0.046 0.000
1.235 0.000 0.050 0.134 0.399 0.431 0.076 0.000
1.563 0.000 0.085 0.203 0.406 0.601 0.123 0.000
2.041 0.000 0.145 0.342 0.391 0.553 0.221 0.000
2.777 0.000 0.235 0.363 0.376 0.523 0.301 0.000
4.000 0.000 0.293 0.342 0.387 0.512 0.356 0.000
1.0
—e— 180DEG
—8— 150DEG
—&— 120DEG
/K| | —=—o090DEG
—%— 060DEG
—e— 030DEG
—e— 000DEG

0.0

<Z1% 4-13> yaw motion with the incident wave angle
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