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Development of the Navigation Safety

Evaluation System with Hull Acceleration

Byeong-Jin Kim

Department of Ship Operation System Engineering,

Graduate School of Korea Maritime University

ABSTRACT

Recently the automated vessel requires the system which could
evaluate the navigation safety of a ship in the present position and the
future position estimated from weather information as well as
recommend the optimum course and speed for the ship's safety. From
the viewpoint of safe operation, it is primarily important to estimate the
seakeeping performance of a ship in a seaway. Among various factors
for evaluating it, ship motion is the most fundamental one. According to
recent studies, deck wetness, propeller racing, slamming, rolling, vertical
and lateral acceleration are the factors to evaluate seakeeping

performance.

The systemic combination of those evaluated factors has the form of
serial combination. A theory of reliability engineering is applied to the
theoretical method which makes it possible to evaluate the seakeeping
performance. The occurrence probability by Rayleigh's joint probability
density function of the factors has been adopted for evaluating
seakeeping performance. If the probability of occurrence of just one
factor exceeds the critical occurrence probability, then the overall
seakeeping performance fails and the ship may be endangered.

~ viii -



The Seakeeping Performance Index (SPI) is defined by measuring
only any one factor, i.e. vertical acceleration, through the medium of
relative dangerousness of the other factors. If one factor exceeds each
extreme value or some factors come close to the extreme value, SPI
would exceed 'l' which is calculated from the occurrence probability.
Namely, it means that the ship will face dangerous circumstance.

In this study, we compute the response amplitude of ship motions
with the weather data provided in real time, and then obtain the
involuntary speed loss with added resistance caused by wave and ship
motion. Finally, numerical calculation is executed by stochastic process
of the seakeeping performance elements.

After calculation above process, the results have been achieved to
develope the system which can evaluate the synthetic seakeeping
performance of a ship wusing the measured data of hull vertical

acceleration.

The system is composed of the apparatus for measuring the vertical
acceleration generated by the ship's motions, computer for calculating
the synthetic seakeeping performance index and monitor for displaying

the evaluating diagram of navigational safety of ship.

In order to apply this system in actual operation ship, computer
simulation is conducted, and the results are compared with the products
based on real ship operation. A Lpp 93m passenger ship, which is
equipped with a single screw and diesel engine, is used to test this

system on the seagoing vessel.

Therefore the results of this study for developing the navigation

evaluation system with hull acceleration could be summarized as follows.

In order to evaluate the ship navigation safety in rough seaway, the

_ix_



onboard navigation safety evaluation system has been developed. This
apparatus is used for measuring the vertical acceleration generated by
ship's motion. This system 1is able to synthetically evaluate the
navigational safety of a ship with one element of the data of vertical
acceleration which is measured by accelerometer regardless of vessel's
type or loading condition.

The results obtained by this evaluation system have appeared on a
monitor for these operator's convenience using real time weather data.
These results will be useful for the ship operators who are concerned

about the optimum course and speed for safety of ships.

The results of this study are useful for application to design an
automated vessel and develop the next generation voyage data recorder

of a ship.
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Fig. 2-1 Improved design and safe operation of ships
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Sea State 8 Fn=0.2(16.1kts) in still water

—O— Deck Wetness

2.0 4 --X-- Propeller Racing
CONTAINER O~ Slamming
| --{-- Rolling
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Fig. 2-8 Seakeeping performance index of container ship(sea state 8, Fn=0.2)

Sea State 8 Fn=0.275(22.1kts) in still water
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Fig. 2-9 Seakeeping performance index of container ship(sea state 8 Fn=0.275)
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Sea State 8 Fn=0.2(11.7kts) in still water

—O— Deck Wetness
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Fig. 2-10 Seakeeping performance index of passenger ship(sea state 8, Fn=0.2)

Sea State 8 Fn=0.275(16.1kts) in still water
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Fig. 2-11 Seakeeping performance index of passenger ship(sea state 8 Fn=0.275)
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Sea State 8 Fn=0.2(15.6kts) in still water

—O— Deck Wetness
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Fig. 2-12 Seakeeping performance index of pure car carrier(sea state 8 Fn=0.2)

Sea State 8 Fn=0.275(21.4kts) in still water
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Fig. 2-13 Seakeeping performance index of pure car carrier(sea state 8, Fn=0.275)
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Sea State 8 Fn=0.125(12.2kts) in still water
(Homo. Full loaded condition)

—O— Deck Wetness

2.0 4 BULK CARRIER -~><-~Prope||_er Racing
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Fig. 2-14 Seakeeping performance index of bulk carrier(full loaded)

Sea State 8 Fn=0.15(14.7kts) in still water
(Homo. Full loaded condition)
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Fig. 2-15 Seakeeping performance index of bulk carrier(full loaded)
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Fig. 2-

Fig. 2-

Sea State 8 Fn=0.125(12.2kts) in still water
(Homo. half loaded condition)

50 —O— Deck Wetness
. BULK CARRIER - X-- Propellf-:r Racing
- O+ Slamming
] --{O-- Rolling
--/\---Vertical Acceleration
--D>-- Lateral Acceleration
1.5+ @~ SPI
%) 4
0
0}
&
S 1.0
o
=
[}
)]
e ]
o]
o]
0.5 -
0.0

T T T
180 150 120 90 60 30 0
Encounter Angle (degree)

16 Seakeeping performance index of bulk carrier(half loaded)

Sea State 8 Fn=0.15(14.7kts) in still water

(Homo. half loaded condition)
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17 Seakeeping performance index of bulk carrier(half loaded)
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Sea State 8 Fn=0.125(12.2kts) in still water
(Heavy ballast loaded condition)

0 —O— Deck Wetness

U9 --X-- Propeller Racing
BULK CARRIER o Slamming

- Rolling

--/\--Vertical Acceleration
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Fig. 2-18 Seakeeping performance index of bulk carrier(heavy ballast)

Sea State 8 Fn=0.15(14.7kts) in still water
(Heavy ballast loaded condition)
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Fig. 2-19 Seakeeping performance index of bulk carrier(heavy ballast)
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Sea State 7 Fn=0.125(12.2kts) in still water
(Normal ballast loaded condition)
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Fig. 2-20 Seakeeping performance index of bulk carrier(normal ballast)

Sea State 7 Fn=0.15(14.7kts) in still water
(Normal ballast loaded condition)
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Fig. 2-21 Seakeeping performance index of bulk carrier(normal ballast)

_42_



A3 A AA A%
3.1 Al=de 74

‘Z_ r

N
ﬁo
™
—
o

£

‘A

o
700

Bo

—_—

)
X
e

—

NI
Plo

0

oy
~

NI
)

Gl

{Jo

A

A

il

A8

R

A

o

ﬂy_wo

bel 24 o

S

dHkol A A

[e)

Q] Ll

o

z]

Y2

44

3
vl

A

.
o)

(i

~
fite)

A4r
—_

00
=0
o
<0
e

O

‘Z_ r

,m_un..,o

ol

;OL
_WvU
P

]

T—

i
TH
)
—_
o

<

i
E

JJo

el

~,
;00

)

A
=

H
E

Jo

o

_E_l

M
A

—_
o
~~

o

oF

]
H
R

o

4r
—_

ox

™
fie)
;OU
2]

oy
TH

H

)

_43_



H] i}v]

ks

A H7EA o o

AH s}

o

ﬂo
il
o

_—

==
o

A

v
)

fite)
X
GBS

REERS

1

;00
o

(c)

(b)

(d) %71

0

~N

Tor

ﬁo

Jo

0

sl

A

37HA&

A %

ki3

VAT

2

AyE

!
)
—t
fite)

%

]
E

JJo

0

o

wK

ﬁo

o

Jo

ze]

100

Bl

d

ﬂ_

I

A

3

5

(e) Z7] (DEAE

i
I

—_
file)

B
]

Z

A

il

AREE

3

R

XA

- 44 -



FEErm

&l

g5 &

AC

ﬂ

xﬁw 2 \N\

[HI HI0E &8

& :

m £ 4

=] i

o i

o :

Ly |

r

It x i

= il = :
oF | @ [ ] R :
= iRt I i :

&

[EEotEd BAE HH 58 52

Fig. 3-1 Flow chart of the measurement and analysis system

A

=
|

& E A

i

A

3.2 4

bel, AAe Faol I

S

o 23

X
~
Mo
Ho

o

23]

A/D HHEE 744

=]
=

14, S}

w

A

TR

o
T

X

—

il

o
do
e

]
o
e
o

frsd

—
o

_45_



=K

)
I

—_
o

mr
H

T
B!

il

o

oF

il

s EUY=

e

A
=
TH

o))
=1

Ao
nl
]

<

oy
B

A/D AHHE FAH

T

ool w&

Hx= 3

+

A
pud

Aol A4

A=k

T gtol A

1
T

=

i} of
Fig. 3-2

A
fus

_‘I

NIl
ojp

ol
,.mo
el
oy
ol
iy

o

iz

A

B H

15 : A/D

ACB5~264V

12\

P 2/
DA

Fig. 3-2 Internal apparatus of the vertical acceleration measuring system

12
14
11

‘Z_ r

A A (13),

F7HE =

i<

&

2912 (12),

3L

e 2/
— 46 —

A/D HHE(15) &

=}
=

Akl (14)



H AEelA =R

<

Ax12)7F 3

Fa
AC 85-264V)o°]

O 3L
S

O
4
el
&3
)

Mo
Ho

’

TaEd

—_
o

;oT

5}

pu

1

3t

Al A1 (13)

A=
=]
7S T

)

AA1HR F
3

wmo

BIN

iy
o

A/D ZAWE(15)%

T

1

3}

.
=

o 2, @xdi(14)

}

)
pul

A

=
=

~

Gl

=
=

Al A4 (13)

QA e, FeAEE
o

= w148

A/D ZAHE(15)

A/DAHEI(15)F

a2

i (14) 2k

A/D AHE(15HE E3l

L

R

o, A/D ZAME(15)
A%

i

K

,m_m-,o

)

5 (CFG file) At

al

8

3

A

273

dE ol A/DAVE(15)E &

] o
=

Q

=y
T
%0

s

H

_47_



olo
<0

H
i

T
Nlo

~
o

N

)

A 5]

S7F GAol AAl

-
st

] o] B 2 A]

A A E

3} ol

]

HE

T

_#oTy

il

=K

pare

w

ol

o A2

H
dr

—_

A7} AT Aoz AT,

I FAE B7F 33

BK
R

H

b7}

[

shof 4

o] &

[e)

=

)

2
T

S = A

A

7SR A A8

Fig. 3-1°] Yed A

ﬂy_wo
Jo
Az

0

37k x o] EAX7) Fig. 3-30] Yebd vhe} o] z}

Hjo
KA

i

Hjo

gt

o}

~

X

~

K

l}_)’

s
™

A =¥ (Fig. 3-4

=
Y
S
0
o
N
ToR
Mo

o)

oq}\

5

12 AHg

7=

3

Ry

A

2 1

7+

3

bz

&

T

_48_



151 [msec]
Yerical Acceleration @ 235477 [g] Stop i
Fean Yalue 0 00000 Yariance .0.00000 Open CFG _|
Saving File Mame @ alivd
CFiG File Mame  DEOBELCFG Save CFG I

~IMPUT & RESULT
L~ INPUT- ~ —Results |

SHIP SPEED(KTS) [0

Fig. 3-3 Display for the input signal of vertical acceleration

WIND DIRECTION [0 || AV YARIANCE [0.00074

SHIP COURSE [0 ISP

LOAD CONDITION  [Ballast =]

TRUE WIND SPEED |7 ] ﬂquEﬂ
= P S B B B L

(7~ B KTS)

RUM | ‘
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Fig. 4-1 Lines of T/S '"HANARA'

Table 4-1 Principal particulars of T/S '"HANARA'

FULL HALF BALLAST
CONDITION

ITEM LOADED LOADED LOADED

CONDITION | CONDITION | CONDITION
Length P.P. (m) 93 93 93
Breadth (m) 14.5 14.5 14.5
Depth (m) 7 7 7
Mean Draft (m) 5.256 4.972 4.514
Displacement (Ton) 4,427.52 4116.72 3635.26
Block Coefficient 0.6028 0.6028 0.6028
L.C.G (m) -1.205 -0.825 -0.590
V.C.G. (m) 5.077 5.160 5.550
GM (m) 1.317 1.225 0.900
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Table 4-2 Seagoing navigation schedule of T/S '"HANARA'

AT LAl A 7

IR 5} 51 0] 2=
TR 234014 (Mile) LA
BUSAN 2002. 10. 04 11:00 926 2d-23h

NAGOYA 2002. 10. 07 lOfOO

2002. 10. 10 10:00
- 1268 4d-00h

SHANGHAT 2002. 10. 14 10:00
2002. 10. 17 09:00 9510 8d-01h

2002. 10. 25 10:00

SINGAPORE

2002. 10. 28 10:30
1605 4d-23h

2002. 11. 02 09:30

CEBU

2002. 11. 05 09:00
1632 6d-01h

2002. 11. 11 10:00

BUSAN

g A 7941 26d-00h

B oAge] AHEE ZHEE AT Fig 42049 2ol AEAF mo] AA
AN A ore] szl ofa dRe P pEE wdy T & e A4 A
Aelth o] MM 7AEE adl ofd &AelA AW, AP s 2F Mass
o AuE Wwel xk AZA R, agle] ArA AsE AAAG. 1 B4 P

A e obe e o] Folzt)

mazm(jiTX—l—)\——l—kx (4-1)

_59_



a Acceleration

Mass

X

Displac!e ment

Fig. 4-2 Accelerometer principle

Table 4-3 Principal Specifications of the Accelerometer(1)

ITEMS DIMENSION
Measured acceleration range 2 g
Scale factor 5 V/g
Operating temperature -50C ~ +70TC
Power consumption 0.5 W
Shock resistance 30 g
Vibration strength within a range 5 g
of up to 500 Hz
Supply voltage +15 V
Dimension 38x38%25 (mm)
Mass 115 (g)
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A A= | A= | A= | 4%
A 79k d vy

A (N) (E) (Deg.) | (Kts)
10042100 |20+ |33° 01~ | 128° 28~ 190 13.5
10042300 |10+ |32° 257 |128° 27 175 14.0
10050500 |10+ | 31° 27 " |129° 32”7 160 14.7
10050600 |20+ | 31° 15" | 129° 36~ 160 14.5
10051000 |10+ | 30° 54~ | 130° 40 ° 110 15.0
10051100 |20+ |30° 59 "~ | 130° 55~ 050 15.3
10051200 |10+ |31° 08~ | 131° 08~ 060 15.3
10051300 |20+ | 31° 17" | 131° 27" 060 14.0
10051600 |10+ |31° 157 | 132° 05 060 14.0
10051700 |20+ | 31° 44" |132° 20 060 14.0
10052000 |10+ |32° 06~ | 133° 07~ 065 14.7
10052200 |20+ |32° 217 |133° 44" 065 14.7
10060100 |10+ |32° 43" | 134° 30’ 060 15.0
10060200 |20+ | 32° 557 | 134° 58 ° 060 16.5
10060500 |10+ |33° 03" | 135° 17 ° 240 11.5
10060600 |20+ | 32° 55 [135° 02 240 12.7
10060800 |10+ |32° 44" | 134° 37" 240 12.0
10060900 |20+ | 32° 27 © [ 134° 22° 240 12.0
10061200 |10+ | 32° 34" |134° 09 060 15.0
10061300 |20+ |32° 31" | 134° 00 ° 060 15.0
10061700 |10+ |33° 11" | 135° 34 ° 060 15.0
10061800 |20+ |33° 20"~ | 135° 527 055 15.0
10062000 |10+ |33° 34" |136° 15" 045 15.0
10062100 |20+ | 33° 44" | 136° 257 050 15.0
10101600 |10+ |33° 59" | 136° 37~ 225 15.0
10101800 |20+ |33° 39" |136° 13" 225 14.0
10102200 |10+ 33° 10" | 135° 27 240 12.0
10102300 |20+ 33° 04" |135° 15" 240 12.0
10110000 |10+ |32° 57" |135° 01~ 265 12.0
10110200 |20+ | 32° 47 " | 134° 38" 240 12.0
10110500 |10+ |32° 28" | 133° 59 ° 240 12.0
10110600 |20+ |32° 21" |133° 41° 240 12.0
10110800 |10+ |32° 11" |133° 18" 240 12.0
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AZ] A= | A= | A= | A%
A 7 1k v

AL (N) (E) (Deg.) | (Kts)
10111000 |20+ | 31° 57 " |132° 51" 240 12.8
10111600 |10+ |31° 19" |131° 29" 240 12.0
10111700 |20+ |31° 11~ |131° 13~ 215 13.0
10120000 |10+ |31° 19" |129° 39" 340 14.0
10120200 |20+ | 31° 43" |129° 247 320 14.0
10120400 |10+ {32° 04~ |129° 00~ 320 14.0
10120500 |20+ |32° 17 " | 128° 48" 320 14.0
10121000 |10+ {33° 03~ |127° 49" 310 14.0
10121100 |20+ |33° 11~ |127° 38" 290 14.0
10121200 |10+ {33° 19" |127° 25" 320 14.0
10121300 |20+ {33° 30" |127° 10 320 14.0
10121700 |10+ {33° 29" |126° 08" 225 15.0
10121800 |20+ |33° 17" |126° 02 ° 190 15.0
10122100 |10+ |33° 13" |126° 51 ° 075 15.0
10122200 |20+ | 33° 17" | 127° 08 ° 070 15.0
10130000 |10+ | 33° 23" | 127° 40’ 080 13.0
10130300 |20+ |33° 14" | 126° 58’ 255 13.0
10130500 |10+ |33° 06 " | 126° 28 ° 255 13.0
10130700 |20+ | 32° 57 " | 125° 59 ° 255 13.0
10130900 |10+ |32° 49" | 125° 24 ° 290 14.0
10131000 |20+ | 32° 44~ | 125° 11 ° 230 14.0
10131200 |10+ |32° 30 " | 124° 43" 230 14.0
10131300 |20+ | 32° 18 " | 124° 23" 230 14.0
10131600 |10+ | 31° 56~ | 123° 58 ' 230 13.0
10131800 |20+ | 31° 43" | 123° 33" 350 13.0
10132100 |10+ |31° 39" |123° 23" 180 13.0
10132300 |20+ |31° 27" |123° 04" 220 12.0
10171600 |10+ |31° 03~ |122° 18~ 070 12.0
10171800 |20+ |31° 02~ |125° 52" 090 13.0
10180000 |10+ |30° 22" |123° 39" 165 13.0
10180300 |20+ |29° 44" |123° 39" 180 13.0
10180400 |10+ |29° 32" |123° 37" 190 13.0
10180500 |20+ |29° 21 " |123° 36" 180 13.0
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475 0 Al % A= A= A% AeF | DTS5
Al ZF (N) (E) (Deg.) | (Kts) (Deg.) | (Kts)
10181300 |10+ | 27° 38" | 123° 32" 180 13.0 180 15
10181400 |20+ | 27° 237 |123° 31" 180 13.0 225 15
10181600 |10+ | 26° 57~ | 123° 28 180 13.0 225 15
10191700 |20+ | 26° 46~ | 123° 28 ' 180 13.0 225 15
10190000 |10+ | 25° 17~ | 123° 00’ 210 13.0 225 15
10190200 |20+ | 24° 54~ | 122° 45" 210 13.0 225 15
10190400 |10+ | 24° 31"~ | 122° 33" 190 13.0 225 10
10191300 |10+ |22° 30" |122° 10" 190 13.0 045 10
10191500 |20+ | 22° 04~ | 122° 06 190 13.0 240 10
10191600 |10+ | 21° 53" | 122° 04 190 13.0 240 10
10191700 |20+ | 21° 34" | 122° 00’ 230 13.0 240 10
10200000 |10+ | 20° 30~ | 120° 40’ 230 15.0 270 10
10200100 |20+ | 20° 20 " | 120° 38 ° 230 14.0 045 10
10200400 |10+ |19° 54 " | 119° 51 ° 225 14.0 090 10
10200600 |20+ |19° 36" | 119° 33 225 14.0 090 10
10201400 |10+ |18° 08 ° | 117° 59 ° 225 15.0 045 10
10201500 |20+ |18° 00 | 117° 51 ° 225 15.0 045 10
10210000 |10+ |16° 30~ | 116° 14° 230 14.0 045 10
10210200 |20+ |16° 11 ° | 115° 53 ° 230 14.0 045 10
10210400 |10+ |15° 53" | 115° 33" 230 14.0 045 10
10210600 |20+ |15° 34" | 115° 13° 230 14.0 045 10
10211400 |10+ |14° 39" | 114° 13" 215 14.0 045 10
10220400 |10+ | 13° 47~ | 113° 20"’ 230 14.0 045 10
10220700 |20+ | 13° 17 " | 112° 49" 225 14.0 045 10
10220800 |10+ |13° 06~ | 112° 39" 230 15.7 045 10
10221000 |20+ | 12° 457 | 112° 15" 230 14.0 045 10
10221800 |10+ |11° 31~ |110° 56" 215 14.0 045 15
10222000 |10+ | 11° 357 | 110° 45" 230 14.0 045 15
10222200 |20+ | 10° 58~ | 110° 23 210 13.0 045 10
10230500 |10+ | 09° 37 " | 109° 16 220 15.0 045 10
10230700 |20+ | 09° 12~ | 108° 59’ 240 15.0 045 10
10231000 |10+ | 08° 39~ | 108° 31" 230 15.0 045 5
10231100 |20+ | 08° 25" | 108° 237 205 15.0 045 5
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A5 ) S S A= A= A% AeF | AFSH
Bl (N) (E) (Deg.) | (Kts) (Deg.) | (Kts)
10231800 |10+ |07° 20" [107° 49" 205 15.0 270 15
10200400 |10+ |19° 54" |[119° 51° 225 14.0 090 10
10231900 |20+ | 07° 03 |[107° 38" 210 15.0 225 15
10232000 |10+ | 06° 58 " [107° 34" 210 15.0 225 10
10232300 |20+ | 06° 18 " [107° 16 200 15.0 225 10
10240400 |10+ | 05° 16 " | 106° 37’ 210 14.0 300 10
10240500 |20+ | 05° 257 [ 106° 42’ 035 14.0 300 10
10241000 |10+ | 04° 557 [ 106° 23’ 210 15.0 270 10
10241100 |20+ | 04° 31~ [ 106° 07’ 210 15.0 300 10
10241700 |10+ | 03° 46~ | 105° 44’ 210 15.0 300 10
10241800 |20+ | 03° 33" [105° 34’ 210 15.0 300 10
10242000 |10+ |03° 06 " | 105° 20’ 210 16.0 315 10
10242200 |20+ | 02° 40 " [ 105° 16’ 195 16.0 315 10
10281300 |10+ | 01° 16~ [104° 41 ° 080 13.0 045 5
10281500 |20+ | 01° 27 “ [ 104° 32 ' 050 13.0 045 5
10282000 |10+ | 01° 54 " [105° 40’ 085 14.0 090 5
10282300 |20+ | 02° 13" [ 106° 23 070 15.0 315 5
10290000 |10+ |02° 15"~ [106° 32 070 15.0 315 5
10290200 |20+ | 02° 257 [107° 00 045 14.0 315 5
10291100 |10+ | 03° 13" [108° 36 ° 050 14.0 220 5
10291300 |10+ | 03° 43" [109° 08 050 14.0 220 5
10291500 |20+ | 04° 01 " | 109° 32 050 15.0 220 5
10292000 |10+ | 04° 48 " | 110° 30’ 050 15.0 045 5
10300000 |10+ |05° 257 [111° 16" 050 15.0 220 5
10300200 |20+ | 05° 43 " | 111° 38" 050 15.0 180 5
10301400 |10+ | 06° 47 " | 114° 19" 070 15.0 220 5
10302000 |10+ | 07° 17~ | 115° 48" 070 15.0 220 5
10310000 |10+ |07° 16~ | 115° 45" 090 15.0 220 5
10310300 |20+ | 07° 157 | 115° 42" 070 15.0 220 5
10311500 |10+ |[08° 19" |118° 20" 085 15.0 220 5
11010000 |20+ | 08° 27 " [119° 21" 085 15.0 270 5
11010400 |10+ |08° 36~ [120° 19" 085 15.0 270 5
11010700 |20+ | 08° 40~ [ 120° 54’ 260 15.0 045 5
11010800 |10+ | 08° 39" [120° 46’ 260 15.0 045 5
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A7 ) A% A= A= A= A% A | ATH
Al F (N) (E) (Deg.) | (Kts) (Deg.) | (Kts)
11010900 |20+ | 08° 37 " | 120° 32" 260 15.0 045 5
11011600 |10+ | 08° 43~ | 121° 13" 260 13.0 330 5
11061700 |20+ | 08° 43~ | 121° 14" 080 13.0 330 5
11012000 |10+ | 08° 49" | 121° 56 080 14.0 330 5
11052200 |20%| 12° 30" | 124° 07 040 13.0 020 20
11060400 |10%| 13° 38 | 124° 33 000 12.0 020 20
11061200 |20%| 15° 04" | 124° 43 015 12.0 045 25
11061300 |10%| 15° 14" | 124° 46 115 12.0 045 25
11062000 |10%| 16° 39" | 124° 57 010 12.0 045 20
11062200 |20%| 17° 08 | 125° 00° 020 12.0 045 20
11070100 |10%| 17° 38 | 125° 06° 015 13.0 045 20
11070200 |20%| 17° 56" | 125° 11° 020 13.0 045 20
11071200 |10%| 19° 48 | 125° 36 005 12.0 045 25
11080400 |20%| 23° 24" | 126° 31 030 14.0 045 20
11081700 |10%| 26° 01" | 127° 56 025 13.0 000 30
11081800 |20%| 26° 117 | 128° 04 045 12.0 000 30
11090500 |10+| 26° 25" | 128° 08" 045 0 000 25
11091600 |20%| 26° 58 | 128° 23 300 12.0 000 25
11100400 |10%| 29° 09" | 128° 02° 350 13.0 000 15
11100500 |20%| 29° 25" | 128° 00 020 14.0 000 15
11101300 |10 | 31° 20" | 127° 56 350 14.0 220 10
11101500 |20%| 31° 54" | 127° 49 350 16.0 220 10
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Table 4-6 Principal Specifications of the Accelerometer(II)

ITEMS DIMENSION
Rated Capacity t2 g
Rated output 0.5mV/V (1000 10~ ° strain) min.
Non-linearity +1% RO
Hysteresis +1% RO
Input resistance 1212*+1.7%
Output resistance 121Q9%£1.7%
Recommended applied voltage 1 to 3V AC or DC
Allowable applied voltage 6V AC or DC
Transverse sensitivity +4%
Allowable temperature range -10C ~ +60TC
Damping ratio 0.64
Dimension 44X44X20 (mm)
Mass 110 (g)
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Table 4-7 Principal articles at onboard test of evaluation system of

navigation safety(1)

st
A 7 A= A= A2 | XS | WIFF AFH

7bEE | H AL
a9 (N) (E) (Deg.) [(Kts) | (Deg.) | (Kts) 5
03190245 |33° 10 " [126° 35" | 090 | 155 | 270 10 0.00026
03190255 |33° 10 " [126° 39" | 090 | 155 | 270 10 0.00024
03190315 |33° 10 " |126° 45" | 055 | 153 | 350 25 0.00024
03191225 |33° 44 " [125° 557 | 074 | 139 | 340 15 0.00030
03191240 |33° 45 " |125° 59" | 074 | 14.0 | 340 15 0.00033
03191315 |33° 48 " |126° 09 " | 074 | 142 | 320 15 0.00020
03191330 |33° 49 " |126° 12" | 074 | 142 | 310 15 0.00019
03191340 |33° 50 " |126° 15" | 100 | 13.8 | 310 15 0.00013
03191350 |33° 50 " |126° 18 " | 100 | 14.0 | 310 15 0.00015
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Table 4-8 Principal articles at onboard test of evaluation system of

navigation safety(II)

st
A 7 e BE AZ | AE | AFF AT SH
7S e H] 31
g d (N) (E) |(Deg.)|(Kts)| (Deg.)| (Kts) A
03181205 |33° 30 " [126° 05" | 130 | 135 | 360 20 0.00268
03181215 |33° 27 " [126° 09 " | 130 | 14.0 | 360 20 0.00212
03181235 |33° 26 " [126° 09 " | 215 | 135 | 360 20 0.00152
03181255 |33° 21 " |126° 04 " | 215 | 135 | 360 20 0.00178
03181315 |33° 18 " [126° 03 " | 160 | 13.5 | 360 20 0.00136
03181330 [33° 15 " [126° 05" | 160 | 14.0 | 360 20 0.00147
03181345 |33° 12 " [126° 06 " | 160 | 14.2 | 360 20 0.00139
03181405 |33° 08 " [126° 09 " | 130 | 14.5 | 340 23 0.00172
03181430 |33° 05 " |126° 12" | 180 | 7.5 340 20 0.00086
03181440 |33° 03 " |126° 12" | 050 | 10.0 | 340 20 0.00190
03181520 [33° 01 " [126° 16 " | 050 | 14.0 | 330 27 0.00661
03181530 |33° 03 " [126° 18 " | 050 | 14.7 | 330 25 0.00350
03181545 |33° 04 " [126° 21 " | 050 | 14.8 | 330 25 0.00360
03190010 |33° 08 " [126° 08 “| 140 | 14.0 | 350 22 0.00175
03190020 |33° 05 " |126° 10 “ | 140 | 13.5 | 350 24 0.00036 |Filtering
03190035 |33° 03 " |126° 12 " | 140 | 13.8 | 350 27 0.00225
03190045 [33° 01 " [126° 14 " | 140 | 14.0 | 350 27 0.00039 |Filtering
03190110 |33° 00 " [126° 18 " | 045 | 13.8 | 330 31 0.00097 |Filtering
03190150 |33° 06 " [126° 22" | 000 | 13.6 | 330 32 0.00041 |Filtering
03190205 |33° 10 " [126° 24 " | 090 | 15.0 | 340 15 0.00018 |Filtering
03190220 [33° 10 " [126° 28 " | 090 | 15.2 | 270 8 0.00231
03190230 |33° 10 " [126° 31 " | 090 | 15.2 | 270 8 0.00019 |Filtering
03190330 [33° 12 " [126° 48 " | 055 | 15.3 | 340 25 0.00019 |Filtering
03191210 |33° 44 " |125° 52" | 074 | 13.0 | 340 15 0.00010 |Filtering
03191250 |33° 46 " [126° 02 " | 074 | 13.9 | 340 15 0.00007 |Filtering
03191305 |33° 48 " [126° 06 " | 074 | 13.9 | 340 15 0.00006 |Filtering
03191405 |33° 49 " [126° 22" | 090 | 14.3 | 320 12 0.00004 |Filtering
03191415 |33° 49 " [126° 25" | 090 | 145 | 320 12 0.00004 |Filtering
03191430 |33° 49 " [126° 29 " | 090 | 14.8 | 330 12 0.00004 |Filtering
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[F=1] Principal particulars of container ship

o v

[l
iv

T N/ sl

ITEMS DIMENSION
Length P.P. Lpp(m) 175.00
Breadth B(m) 25.40
Depth D(m) 15.40
Mean draft dm(m) 9.50
Displacement volume (m’) 24,742.00
Block coeffcient Ch 0.572
Length-breadth ratio L/B 6.89
Breadth-draft ratio B/D 2.67
Height of C.G. KG(m) 9.52
Metacentric height GM(m) 1.00
Rollng period Tr (sec) 18.00
Propeller diameter Dp(m) 6.50
Propeller pitch ratio D 1.055
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[F=2] Principal particulars of passenger ship

ITEMS DIMENSION
Length P.P. Lpp(m) 93
Breadth B(m) 14.5
Depth D(m) 7
Mean draft dm(m) 5.115
Displacement volume  (m') 4,274.82
Block coeffcient Cy 0.6028
Length—breadth ratio L/B 6.414
Breadth-draft ratio B/D 2.835
Height of C.G. KG(m) 5.033
Metacentric height GM(m) 1.355
Rolling period Tr (sec) 13.142
Propeller diameter Dy(m) 3.55
Propeller pitch ratio D 0.751

- 128 -




[F=3] Principal particulars of pure car—carrier

ITEMS DIMENSION

Length P.P. Lpp(m) 164
Breadth B(m) 28
Depth D(m) 27.35
Mean draft dm(m) 7.83
Displacement volume  (m') 18,971.5
Block coeffcient Ch 0.5177
Length-breadth ratio  L/B 5.857
Breadth-draft ratio B/D 3.576
Height of C.G. KG(m) 12.53
Metacentric height GM(m) 1.65
Rolling period T (sec) 17.48
Propeller diameter D,(m) 6
Propeller pitch ratio D 0.9844
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H-Z4] Principal particulars of bulk carrier

1/ =

DVENSION
| | " OAE3 | OASE4 |
! ITEMS : \yil CQSEZ ' Heawy i[\br‘mal :

: ' Bomo Load | Half Load | | |
; : ; . Ballast | Ballast |
Length P.P. Lep(m) | 269,00 | 259.00. | 259.00 = 250.00 |
Breadth B (m) (4300 4300 4300 | 4300 |
Depth D (m) " 2380 2380 238 238
Mean draft dn (M) o, 178175 11950 | 9506 | 7.653 |
Displacenent volure  (n') 163375.4  108805.5 85132.1  65777.6
Block coefficent Gy . 0.8411.  0.8411. 08411 | 08411
Length-Breadth Ratio L/B | 6.023 | 6,03 | 6023 | 603 |
Breadth-Draft Ratio B/B . 2469 | 3598 . 453 | 5619
Center of Bwoyancy 1o 3.236 | 422 4550 | 4725 |
Heigt of CG. Ko (m) | 135 = 1028 | 11.84 | 1213 |
Metacentric height M (m) = 4.6 = 652 | 824 . 1045 |
Rolling pericd  Ta (sec) . 16.908 | 13506 | 12.014 . 10,668 |
Propeller diameter D» (m) . 800 @ 800 ' 800 . 800 |
Propeller pitch ratio P~ 07637 07637 07637 . 07637
Propeller Immersion (%) | 219.38 | 1560 | 141.25 | 114.25 |
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F=5] Homogeneous full loaded condition of bulk carrier

: CARGO BALLAST

‘ IFREE SURFACE
t 2D ! Lccmm*mmwwc mmmmw |
FAELKIGRE N R URSRT SRS UM (MF-M)

| i | | | (MT40)
BINGRING CONDITION | 51542 70.61§ S8 0 1L48 5970 1479
o1 HOD 14092.4 - 10510 . 47073 . 13,69 . 195720 0
No,2 HLD 16557.4 - 8239 BUIB09 ¢ 1321 . 218778 0
No,3 HLD 166010 ¢ §9.06-- 341609 ¢ 1320 ' 21916l 0
No.4 HOLD 16581 | 5,66 . LBH 1320 | 21967 0
No,5 HOLD 164211 | 1243 11346 : 1319 | 216588 0 |
\o,6 HOLD 164075 | -10.97 ; - 10129 : 1323 . AR 0
No.7 HOLD 16585.4 | - 3445 . - 101209 . 13.%5 | 21%9% 0 !
20,8 HID 1629.7 | -5T.74 . -29602 | 133 . AMY¥ . 0
No,9 HOLD 14999.0 | - 8116 - 262 | 1397 | 20857 0 |
A.P.TTK(C) 0.0 : -119.8 : 0 ' 9.03 : 0 8%
DEADVEIGHT 472,80 9.00 0 1370 ¢ 1331 ! 1992810 23688
LIGI SHIP VEIGT @ 177%.0 © - 653 | - 1158% ' 1564 . 2743 ]
DISPLACRENT C1674%.8 ¢ 7.% . 12%25M | 1355 | 2269080 288
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[ =6] Homogeneous half loaded condition of bulk carrier

| ‘ L. C. G FROMIMOVENT ABOUT,V.C.G FROMMOMENT ABOUT | l
. DEADWEIGHT ITEMS  WEIGHT (MT): I B ; | : |
i i - LMY L2 OTM) SB(M) BL (MT) o |
BUKERING ONDITION | 51842 =70.61 - 3639381 148 = 510 . 1419
No,3 HOLD | 27733 %, 5908428638 4 814 . 199067 | 0 |
No.5 HLD A58 244 298 9.4 | 19878 0 |
No.7 HOLD | A7.T =346 AT4E05 T 9.21 | 200316 0 |
Nol B & TSIBIK(C): 4518.0 | 104.20 \— 470753 | 9.8 | 41977 92515 |
No.5DB & TSWBTK(P): 42988 -68.90 | -296200 | 1178 5066l 14285 |
No.5IB & TSHB TK(S)!  4298.8 - 68.90 | - 296200 | 1178 . 5066 14285
F. P. TKIC) 4832 12420 5MM8 . 1050 453% 12416 |
A P, TK(C) 9853 -14.65 . - 122823 | 1556 . 15390 8% |
Yo.2 0B & TSIBTK(P).  2490.0 0 69.05 | 1799 15 . 37% 20 |
No.2 DB & TSBTKS) 24900 6905 1799 & 15 | 3% 20 |
No.3 DB & TSBTK(P): 0.0 22,07 | 0 . 05 | 0 08
No.3 B & TSB TK(S) 0.0 207 0 | 05 0 0183 |
DEADVEIGHT | 93L5 . 1137 | 1064045 | 9.26 | 866564 2798
LIGHT SHIP VEIGHT | 17739.0 | - 6.53 | - 1158% | 15.64 | 27743 |
'DISPLACEMENT 1113205 852 948450 | 10.28 | 1144374 27993 |
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[ E7] Heavy Ballast loaded condition of bulk carrier

| BALLAST

S

S0 SN

‘ o :' 1 i | IFREE SURFACE|
| | 'L.C.G+ FROVVOVENT ABOUTIV, C.G FROMMOVENT ABOUT | l
. DEADWEIGHT ITEMS  WEIGHT (MT), 1 ! ; ! i
: o L/2 M) La2oMT-M) o BL (M) | BL (MT-M) | o |
BOKERING ONDITION | 5152 - 70,61 | - 363988 ' M8 = 510 . 1419
No.3 HOLD | 27133+, 50.08-4--1286308. 4 514 | 199067 | 0 |
No,5 HOLD 215373 | d24d L 267918 . 9.14 | 1966878 0 |
No.7 HOLD 27500 < 34619 7405 | 9.21 | 200316 0 |
No.l DB & TSIBTK(C) 45180 1 104,90 470788 ! 9.28 | 4197 %515 |
No.5DB & TSIBTK(P): 42988 - 6890 [ =29202 . 1178 . 5066l 14285 |
No.5IB & TSIBTK(S) 42988  -68.90 | -296200 = 1178 . 506l 14285
F. P. TKIC) 42832 12420 5MMB . 1050 :  453% 12416 |
A P.K(C) 085.3 | -124.65 . - 12823 | 1556 | 15330 8% |
No.2DB & TSBIK(P)  2490.0 69.05 1 1M9W | 15 . 30% 2 |
No2[B & TSBTKS): 2400 6905 1799 15 3% 20 |
No.3IB &TSIBTK(P). 0.0 22,07 0 | 05 0 0B
No.3 B & TSVB TK(S) 0.0 2.07 | 0 . 05 | 0 018 |
DEADVEIGHT 93615 | 1137 | 1064045 | 9.26 | 866564 2798
LIGHT SHIP VEIGT  © 17739.0; - 6.53 | - 1158% | 1564 | 27143 |
'DISPLACEVENT 1113205 852 948450 | 1028 | 1144374 27993 |
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[ 58] Normal Ballast loaded condition of bulk carrier

: - CARGO

| BALLAST

o« ey | R LS N e e e ot
| - chc Pm‘mn AB(]JT'VCG FROMMEVENT ABOUT: = SLWCE‘
- DEADVEIGHT 1TEVS (m; L2 (M) [Lzz O) B | B () e |
BUNERING OONDITION | 51542 “=.70,61" 363038~} 1148 59170 4R
No.1 DB & TSWB TK(C):  45I8.0 % 10420 4470753 4 - 9.28 41977 0 |
No.2 1B & TSIBTK(P): 491267 ©69.54 " T 84160971 10.32 5068 0 .
No.2 DB & TSWBK(S):  4912.5 " 69.54u= 341608 " 1032 . 50682 0 |
No.3DB & TVBTK(P), 50106 22.66 113546 . 10.18 . 5099 0 |
No.3IB & TSVBTK(S): 50106 2266 : 11346 ' 1018 . 5090 | 0
Nod DB & TSIBTK(P):  3900.8° -2595 | - 10108 1271 . 49573 0 |
No.4 IB & TSWBTK(S): 3000.8 « -2595  -101209 = 12.7I 49573 | 0 |
No.5 DB & TSWB TK(P):  4298.8 « - 68.90 | - 296202 . 11.78 50661 | 0 |
No.5 B & TSWBTK(S)! 4298.8 - 68.90 = - 29622 & 1178 50661 | 0 |
AP.TTK(C) 985.4 | -124.65 - 120824 | 155 . 1530 | 0 |
F.P.TK(C) 2800 . 122.% | 340715 | 7.3 | 2017 12416 !
'DEADWEI GHT 496829 8.86 | 440197 | 10.88 | 54053 2208 |
'LIGHT SHIP VEIGHT I7739.0 | - 6.53 | - 1158% : 15.64 | 27438 “:
'DISPLACEVENT 67421.9 . 4.8 | 3361 : 1213 | 817993 208 |
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