Drift Prevention of Disabled Ships in Rough Seas

by

Shoichi HARA, Katsuji TANIZAWA, Kenji YAMAKAWA,
Kunihiro HOSHINO, Kazuhiro YUKAWA, Jun HASEGAWA,
Michio UENO, Makiko MINAMI, Nobuo KIRIYA

Shigeo OHMATSU, Toshihiko SARUTA and Michio OKAMOTO

Abstract

The disabled tanker was broken into two parts due to rough waves and bow part of the ship
drifted to the sea shore in the heavy oil leakage accident of Russian ship named Nakhodka January in
1997. The loaded heavy oil flew out of the bow section of the ship continuously and caused the biggest
marine pollution in Japan. Approximately 6,250 kI heavy oil leaked out in this accident. If the
technology for the recovery of the drifting bow part of disabled ship in rough waves had been available,
the serious disaster would be prevented from occurring.

This report is based on the research results of 5 year research project sponsored by the
Ministry of Land, Infrastructure and Transport from 1998 to 2003. The direct motivation of starting
the project is Nakhodka incident. The purpose of this project is to predict the drift motion of disabled
ships in rough sea and to tow them safely in order to prevent the secondary disaster such as collision,
explosion and strand. The Optimum Towing Support System (OTSS), which can estimate the drift
motion, towline tension, maneuvering method during tow and towing power of tow boats, has been
developed to provide with the Japan Coast Guard and salvage companies. Further, the computer
program for predicting the drift course considering wave effect has been also developed to be provided
with the Japan Coast Guard.
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U,,: Relative wind speed
6, : Relative wind direction
U : Ship speed relative to water

V : Drift speed
wy, : Drift direction
g : Bow direction
U, : Truewind speed wy : Directionof U

wa : Truewind direction X : Relative wave direction
wy: Wavedirection B : Oblique angle relative to water
Uy : Current speed

wc : Current direction

Fig. 2.1.1-1 Coordinate system.

wB
wp=yy+p (3)
ww
X
X=Vwy—¥p (4)
V, wv
V=U+U, (5)
(2-2)
(1)
Table 2.1.1-1
Xo,Y0,No
) Fig. 2.1.1-2
1/2pLdU? 1/2pL2dU?

Table 2.1.1-1 Principal dimensions
of a training ship.

[tem Scale
Length: L(m) 105.00
Breadth: B(m) 17.90
Draft: d(m) 5.96
trim(m) 0.0
Icb(%L aft from midship 214
Displacement(ton) 5827.0
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Fig. 2.1.1-2 Hydrodynamic forces and
moment acting on underwater ship’s hull
due to oblique motion obtained
by tank test for a training ship.
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Fig. 2.1.1-3 Steady wave forces and moment

calculated with 3-D. panel method
for a training ship (?/L=0.8)
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Fig. 2.1.1-4 Wind forces and moment
obtained by wind tunnel test for a training ship.

Table 2.1.1-2 Solutions for steady drifting

conditions of a training ship in wind,

wave and current.

No.|M(kt) [W v(deg)|y g(deg)|x (deg)|Ua(nrs)|0 ~(deg]p (deg)
1] 3.96| 162.5| 153.6| -26.4| 13.02| 174.5 -0.8
2| 400 165.3] -23.2| 156.8] 13.02] -9.2| -179.9
3| 1.10] -147.0| -105.4] 74.6| 14.75| 73.4] 85.3
4] 2.66] -113.7] 75.6| -104.4] 15.21] -110.8] -149.5
Wind Wave
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Fig. 2.1.1-5 Drifting velocity, direction and posture
of a training ship in wind, wave

and current.
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Table 2.1.1-3 Principal

dimensions

of a tanker model.

Item Scale
Length: L(m) 2.970
Breadth: B(m) 0.539
Fore draft: df(m) 0.077
Aft draft: da(m) 0.122
Trim/L (%) 15
GM(m) 0.143
Displacement(N) 12515
Table 2.1.1-4 Experimental conditions.
A /L | Hy(m)|x i (deg)| Test No.
90| T5037
0| T5038
180] T5039
04 | 0.04 -90] T5040
20| T5042
135| T5043
-100] T5044
vB (Pitch ang.)
(Roll ang.) (Yaw r.)
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Fig. 2.1.1-6 Trajectories of drifting motion of a
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Fig. 2.1.1-7 Time history of T5037.
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Fig. 2.1.1-8 Time history of T5042.
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Fig. 2.1.1-9 Averaged values in steady
drifting conditions of a tanker model.
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Table 2.1.1-5 Principal dimensions of
a disabled ship.

[tem Scale
Length: L, (M) 105.52
Breadth: B(m) 18.20
Depth: D(m) 8.51
D fore: port 5.60
raft, fore: d; (m) otah. 3.60
. port 7.00
Draft, aft: d, (m) b 480
List (deq) port 32.0
Gross tonnage (GT) 6788.0

(b} Bow side
Photo 2.1.1-1 Disabled ship in drifting
condition, wind from starboard side.
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14 wv
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2.1.1-7 Solutions for steady

drifting conditions of a disabled ship

in wind and current.
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Fig. 2.1.1-10 Trajectory of a drifting ship;Al1-A4
(A4-A7; towed path),EPIRB; E1-E4, B;
life buoy and current data.

Table 2.1.1-6 Averaged drifting characteristics
from point-Al to point-A2 in Fig. 2.1.1-11.

ltem | Ave. val.

V(kt) 2.18
Ship |V v(deg) 279.2
Uc(kt) 165

Current | <(deg) 175.3
Ua(m/s) 11.00
Wind U A(deg) 375
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5.8 4
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(1)
Table

2.1.1-7 4

NofV(kt) [V v(deg) W s(deg) [Ua(m/s)|0 a{deg)|B (deg)
1| 104 -373| -497| 1115| 846 990
2| 151 -1027| -1449| 1042| 1797 10
3| 153 -997| 359 1044| -14]| -1799
4 152 -398| 1330| 1120 -994 | -107.2
0.04 7
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Fig. 2.1.1-11 Hydrodynamic forces and

moment acting on underwater ship’s hull

due to oblique motion obtained
by tank test for a tanker model.
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Fig. 2.1.1-12 Wind forces and moment
obtained by wind tunnel test
for a bulk carrier model.
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Fig. 2.1.1-13 Comparison of drifting
condition, observed and estimated
for a disabled ship in wind and current.
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Fig.2.1.3-24 Comparison between measured and

estimated Cpy of the model ship with
deckhouse.

03 O Measured

02 } Estimated
Estimated

201 FooN\ - Correction

0 &~

01 } )

-02

-0.3

0 45 90 135 180

Drift angle 3 (deg.)

Fig.2.1.3-25 Comparison between measured
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Fig. 2.1.3-26 Change by draft and drift angle
of the moment lever
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Fig.2.1.3-27 Method for estimating Cny from
Lateral force coefficient and Moment lever.

Table2.1.3-6 Principal particulars of the

model ship.
VLCC
L(m) 3.000
B(m) 0.544
d(m) 0.181
Cg 0.803
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Fig.2.1.3-25
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Fig. 2.1.3-28 Method for estimating Cn from
lateral force coefficient and moment lever.
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Fig.2.1.3-31 Estimated result of the change of A/ Fig. 2.1.3-32 Comparison of estimated result of the
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Fig.2.3.1-37 Comparison between measured and estimated value of Y of the breakage ship.
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Fig. 2.1.4-1 Concept of binocular stereo vision.
xp=d xL (xL xR)
ye=d yL (xL xR)=d yR (xL xR)
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f d
XL XR
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(Toyo corporation http://www.toyo.co.jp/)

Fig.2.1.4-2 3D Modeling using echosounding

_/? surrounding Observation
drift shigg—"

Observation ship

position(dire

) :GPS
distance :distance measuring
target pointvisible ray(ste ision)

Photo2.1.4-1 Example of multibeam echosounder.

i h d
Ship form data chosounder
(2-2)

easurement of drift ships

—

o

Production of 3D wire model

Fig. 2.1.4-3 Concept of shape measurement system
3 for floating object.
Fig. 2.1.4-2
Photo 2.1.4-1
Table 2.1.4-1
3

Table2.1.4-1 Outline of function on multibeam
echosounder system.

Multibeam Echosounder m
(RESON SEABAT 8125)

ultrasonic wave 455 kHz

swath breadth of sonic beam 120

beam width of sonic beam 0.5 3

resolution 6 mm

measuring frequency (MAX) 40 Hz

weight in water 5 kg

graphic display real time (3)

ship speed for observation (MAX) 10 kt.
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Photo 2.1.4-2 Outline of trinocular vision system
for 3D measurement.
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Fig. 2.1.4-4 Concept of trinocular stereo vision.

Fig. 2.1.4-5 3D modeling of floating model using
trinocular vision system.
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3 3

Fig. 2.1.4-4
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3ch.

3
Photo 2.1.4-2
3
2.1.4-5 VGA
%
3

(5)

(A0)

Photo 2.1.4-3 Table 2.1.4-2
Photo 2.1.4-3
1.1 -5 (A1) 0.9

Fig.

+10 (A2)

Table 2.1.4-2 Matching result using template
matching processing.

position enlargement | inclined angle
X,Y [Pixel] rate [deg]
A0 371. 90 1.00 05
(-1.0) (0.0)
Al 696. 85 1.10 -5.06
(-1.1) (-5.0)
A2 110. 70 0.88 10.1
(-0.9) (+10.0)

0

Photo 2.1.4-3

Example of template matching processing.
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50tf
(2-1-2)
Fig.2.2.1-3

4 5 6
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Photo2.2.1-1
Fig.2.2.1-2
X

Photo2.2.1-2
0

Photo2.2.1-1 Photo2.2.1-2

14.7tf
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19mm

9Imm 5

Fig.2.2.1-2

broken bracket

appearance of
mother plate

cut rivets

Photo 2.2.1-1 Broken appearance_1

w - w

Photo 2.2.1-2 Broken appearance_2



10tf
5tf
Fig.2.2.1-3
(2-1-3)
14.7tf
1 20tf

(2-2)

Fig.2.2.1-4 Schematic idea of catch of

drift ship by two boats
boat
Fig.2.2.1-4 §S233339 "\,
= T
Drift
boat 7S #
(2-2-1) Fig.2.2.1-5 Catch of drift ship
a)
«C )
b)
Fig.2.2.1-5

Fig.2.2.1-5
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(a =B =0 5 =0)
Fig.2.2.1-6 Towed ship and towline

Table 2.2.1-1 Parameter of experiment

5 (M| 0 025075 125 175 225 25

6 /L 0 01:{031:05:07 ;0910

a(m) | 150 : 1.75: 225 : 275 325 : 3.75 : 4.00

b(m) | 400 375 325 275 225 175 150

c)
Lx Bx d=2.5mx 0.45mx 0.15m
(L=2.5m) 1.6
8.0m
10cm
400m 4.0m
400
2.0m 200 A =156m
A /L=0.62 3.0m
0 30 2kt
Fig.2.2.1-6
o =0
J /L Table
2.2.1.1 o
a b
Fig.2.2.1-.7
a b
a T 4
T a b
a a b
Table 2.2.1-2
Table 2.2.1-2 Swing angle(a ) and ship
status angle(B )
3 /L
@ (9€9) | 5 (deg)
0.0 3 34
0.1 18 22
0 deg. 03 27 21
0.5 9 41
200m 0.0 9 30
0.1 24 16
30deg. | 53 28 19
0.5 20 40
0.0 7 30
0.1 26 7
0.3 41 23
0 deg. 05 10 79
0.7 -42 160
400m 0.9 -24 161
1.0 -3 162
0.5 -18 101
0.7 -59 174
30deg. | g -43 188
1.0 -20 189

50

Odeg
wave generator 30 deg -

]
i
]
]
! 4
i
]
]
]
]

40

wave absorber

«———oam————*

Fig. 2.2.1.7 Experimental arrangement
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Fig.2.2.1-8 Ship status during tow
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Fig.2.2.1-10 Swing and ship status
during tow
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1Y

= tow point for emergency

X
~N=

Fig.2.2.1-11 Arrangement of towing points
for emergency tow

Shackle

Tow rope

Fig.2.2.1-12 Idea of emergency tow point
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(2-3)

(2-3-1)
Fig.2.2.1-13
IWRC 6x WS(36) 22.4¢
Fig.2.2.1-11 32tf 6m im
30tf am 2.2kg
Fig.2.2.1-12
(2-3-2) Fig.2.2.1-14
A
B
1) Fig.2.2.1-2 Base Plate 2-4
2) 10 (2-4-1)
3)
4)
a)
(2-3-3)
(2-2)
Wire Rope
4m
Shackle Ring

| } D=200p

22mm
Table 2.2.1-3
Fig.2.2.1-13 Parts of ship capture net hoto 2.2.1-3
D/d
D/d
Table2.2.1-4
Photo2.2.1.4 2.5tf
@ 22mm
< 20m
Fig.2.2.1-14 Example of p capture net
@ 22mm Table2.2.1-5
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Table 2.2.1-3 Rope specimen

Table 2.2.1-4 Test item and method

(2
38mm  25mm)
+ +
8
38mm  25mm)
6x 37
0/0

® N ®
] ® | HETEE | SHO—JORHK RBEE
2B o,
o
% A A7 3T A7 HAMT
1) | ¥RY5 BREER 39 -
® w7 pa—7
HEEUER | ey a8mT
— <
Ty U 2 R=2
2| oR R ke || 0 |10 PHRNEE | g@»
D/ d 31
-D/a=1 (82 | & >
9| DeTl G2 ls | e +m:@
+D/d=10 ($220)
> BARE 10
" ‘ OEED | ORR: BEW Re2
o| WERER 21s 6| mmx | @o-versE: 0
3 SHRR @h 251 f
FME IR MD SF=2
@ - 360 B (180 241D
M : SR
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—>BARE:
o | wmmmsp 2| | DI oen oa=1 o
(0/d) A hpsbio @o—-J@ARE: 10°
QBN 25t f
@ER - 360 (180 £
G : I ER
e

S SAEETAMEDI 204 567 0 a2 140 0.7 § GUN

Photo 2.2.1-3 Rope specimen

(b) For axial friction test

Photo2.2.1.4

Appearance of metal fittings
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Table 2.2.1-5 Result for static tensile test

No.
22 20.6 4.3
22 5.34 32.9
6x 37 o/0 22 29.9 4.3
35
30 7
25— — y [
20 [ / ------- ( )
15 ,‘/ T ( ) —
/
10 ]
i/
/ N
0 5 10 15 20 25 30 35

Fig. 2.2.1-15 Load and elongation curve

120

100

80

60

40

20

0
D/d=1 D/d=5 D/d=10

Fig. 2.2.1-16 Edge and D/d tensile test
Table 2.2.1-6 Edge and b/d tensile test result

(tf)
No.
tf D/d=1| 5 10
206 101 | 117 | 185 203
" | 49.0% | 56.6% | 89.6% 98.3%
PET 206 169 | 149 191 18.8
© | s2.0% | 72.3% | 92.7% 91.3%
206 | 145 | 1382 | 180 18.1
"] 704% | 64.1% | 87.1% 87.9%
534 40 | 41 5.6 5.9
75.7% | 77.0% | 105.3% 110.2%
PET [ o0 | 56 | 52 5.8 5.7
104.4% | 966% | 108.6% 107.6%
37 oro) 209 162 | 192 | 237 27.0
54.1% | 64.2% | 79.3% 90.3%
=1 /
Fig.2.2.1-15
20.6tf
4.3
5.3tf 32 29.9tf 3
/
Table2.2.1-6 Fig.2.2.1-16
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Photo 2.2.1-5 D/d tensile test
(specimen )

Photo 2.2.1-6 D/d tensile test
(specimen )

Photo 2.2.1-7 D/d tensile test
(specimen )

Photo 2.2.1-8 D/d tensile test
(specimen )

Photo 2.2.1-9 D/d tensile test
(specimen )




(D-d=1) 180HEE "B

Specimen D/d=1

W5 RS (TyD) 180 ENE
Specimen Edge

EAERRERD-d=1) 180 EENR

Specimen D/d=1

LR 1 B0 D e 5 1 WA EERE (T3] 1808 kA0
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T ST R (D
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T b [ LT |
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N 2 MWmE Y
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Specimen D/d=1 Specimen Edge

Photo 2.2.1-10 Axial friction test
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D/d 1 5 10

/ 1 / 5
10 PET
c)
D/d
Photo2.2.1-5
D/d
Photo2.2.1-6 9
Table2.2.1-7
Photo2.2.1-10 D/d
10
90
Table2.2.1-8 D/d
Phot02.2.1-10 (2-4-2)
2002 1
Table 2.2.1-7 Result of axial friction test (D/d)
(tf)
No. y PLH-A(5,259 )
206 | 180 198 PL-C(993 )
B @ 75mmx 400m
PET 206 | 180 21
102.4% 46.5tf —
206 | 180 158
75.7%
534 4
PET | 534 | 14
54 PLAAT e g,
(6% 37 0/0) 299 5 B — -

Table 2.2.1-8 Result of axial friction test (edge)

No. (tf)
tf
148
206 | 180
71.8%
PET 206 35 19.9
1 96.6%
206 139 99
2 48.1%
534 1
PET 5.34 5
PL-C PL-C
(6% 37 0/0) 29.9 4 ;s:%
120 @ a ' Photo. 2.2.1-11 Appearance of breakage parts
2180 180 % of towline
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PL-C

a)
PL-C PLH-A
PLH-A PL-C

PLH-A
Fig.2.2.1-17
PL-C
Fig.2.2.1-18
b)

Photo2.2.1-11

Photo2.2.1-12 No.12 14 16

No.18 20 21

Fig. 2.2.1-15 Arrangement of towline
on PLH-A

PLH-A

Fig. 2.2.1-16 Arrangement of towline
on PL-C

Photo2.2.1-13 No0.30 31
No.36 37

Photo. 2.2.1-12 Appearance of breakage
parts of towline at first tow operation

ot | AN
SN

Photo. 2.2.1-13 Appearance of breakage parts
of towline at second tow operation

Photo. 2.2.1-14 Appearance of breakage parts
of breaking test
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Photo2.2.1-14 No0.43 44

Photo2.2.1-19  No.25,26 No.40,41

<)
Photo2.2.1-15 No.15 16
No.19 20
Photo2.2.1-16
No.31 33 No.37
39

Photo2.2.1-17 No0.23 24

Photo. 2.2.1-15 Details of breakage parts of
towline at first tow operation

d)

Photo2.2.1-15 No.15,19,20
Photo2.2.1-16  No0.31,33,37,39 Photo2.2.1-17
No.23,24 Photo2.2.1-18  No0.45,47

e)

Photo. 2.2.1-16 Appearance of breakage parts
of towline at second tow operation

Photo. 2.2.1-17 Appearance of breakage parts
of towline cut by knife

Photo. 2.2.1-18 Appearance of breakage parts

. . . Photo. 2.2.1-19 Appearance of towline at first
of towline at first tow operation

and second tow operations
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f)

Table2.2.1-9
9)
Fig.2.2.1-15
2.5
JIS F2007
=R/r
2.5 6 7
h)
PLH-A
PL-C
2.5
(2-4-3)
100 200m

Table2.2.1-9 Towline tension at break

(tf)

PL-C PLH-A
PL-C PLH-A 23 15
PLH-A PL-C 8 11
5) 6 7 8
(2-4-4)
1969 6
1990 11 21 115
2 Table 9
Fig.2.2.1-19
Fig.2.2.1-20
(3)
1)
2)
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3) 100 ton
4%

100,000 ton
5%
100,000 ton
3%

1,000 ton
5%

4)
5,000 ton
21%
5)
10,000 ton
11%
Fig. 2.2.1-19 Number of towed ships
6) by gross tonnage
%
1)
(1970)
2)
_ _ 5%
(1998) 10% 8
3) Kite Towing System Fig. 2.2.1-20 Towing sea area
234
12)
(2000) pp.109-113
29 4 (1984) pp.403-411
4)
13)
1 2
5
3 (1993)
(1995) 5.8
5) 1967 bp-
6) 14) OCIMF MOORING EQUIPMENT
GUIDELINES Second Edition (1997)
1995
7)
2.2.2.
1988 e
8)
9)
10)
15
(2003) pp.319-322
11
) (1-1)
Fig. 2.2.2-1
14
1.8m 0.3m 0.2m
0.16m 1/100

(2002)  pp.319-322
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(Table 2.2.2-1) 5

4
2 3
2
( 0.58m 0.3m 0.144m)
2
1
( 1.78m)
( 6.160g/cm)
2kt 4kt
6kt (Fn = 0.0245, 0.049, 0.0735)
8kt(Fn=0.098)
4m
0.5~2.0
Table 2.2.2-2
(4.97°) (2.72°) 2
3 (
150m 7.5m 3.5m)
(
)
3

303 447

300 ‘ 447

247 580

45
144

300

200

Fig. 2.2.2-1 Schematic idea of model ship.

Table 2.2.2-1 Principal dimension of the

model ship.
length 1.80m
breadth 0.3m
draught 0.16m
depth 0.2m
KG 0.135m
GM 0.0428m
(LED)
3 PSD
LED
(PSD)
(1-2)
(1-2-1)
Fig. 2.2.2-2
cd
Cd =T /(pBdV?/2)( T P
B
14 )
T
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Cd 1)

Table 2.2.2-3 Table 2.2.2-4 2
Table 2.2.2-3 Fig. 2.2.2-4
cd
Table 2.2.2-4
(Table 2.2.2-4 ) cd
16% (Table 2.2.2-4  ~ )
2 (Table 2.2.2-4 ~ )
(Table
2.2.2-4 ~ )
(Table 2.2.2-3 )
Table 2.2.2-2 Experimental condition.
tow speed 2,4, 6,8kt (Fn =0.0245, 0.0490, 0.0735, 0.0980 ) in Full-scale
towing tow direction bow, stern
in still water ship condition even keel, heel, trim by bow, trim by stern, capsize,
damage (hole, broken
tow speed 2,4, 6 kt (Fn =0.0245, 0.0490, 0.0735) in Full scale
towing tow direction stern
in waves ship condition large trim by stern 4.97° , small trim by stern ( 2.72° )
wave length/ship length| 05 2.0
wave height 4m in Full scale

Cd 60% . L/
B — Ot 0 _
) - B = e
cd
W ——

Plate

4 P —_—

e Deckhouse

Fig. 2.2.2-3 _ _
( 2,4,6,8kt) - -

Table2.2.2-3 = — —
0.4~0.6
(Table L . —
2.2.2-3 ~ ) < - = —

(Table2.2.2-3 Fig. 2.2.2-2 Towing conditions in stern tow.

2kt~4kt 3

(Table 2.2.2-4 )
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( )
Table 2.2.2-4 ~
3
6kt
Fig. 2.2.2-5
2
Table 2.2.2-3 Towing resistance coefficient in bow tow.
ship condition (stern tow) /___|unstable motion |condition (deg)  [Cd=T/1/2p BdV?
in still water [ waves| trim | heel | d Cd
even keel 1.04 X 0 0 0.160 | 0.43
heel 1.01 o 0 6.303 | 0.160 | 041
trim by stern (without deckhouse) 1.19 X 493 0 0.237 | 0.33
small trim by stern (capsize) 2.66 small 2.72 0 0.332 | 052
trim by stern (capsize) 3.00 small 5.16 0 0.362 | 0.54
large trim by stern (capsize, with coil spring) 2.66 small 497 0 0.359 | 0.48
trim by stern (capsize, damage) 1.26 | oblique 403 | 1045 | 0.347 | 0.24
large trim by stern (capsize, damage) 2.22 small 3.9 104 | 0.345 | 0.42
trim by bow (capsize, damage) 2.96 small 714 | 2372 [ 0391 | 050
trim by bow (capsize, damage) 3.87 small 8.19 | 23.03 | 0408 | 0.62
even keel (break) 111 X 0 0 0.160 | 0.45
even keel (break, attachement) 0.94 X 0 0 0.160 | 0.38
even keel (break, attachement, shallow draft) 0.56 o 0 0 0.100 | 0.37
Table 2.2.2-4 Towing resistance coefficient in stern tow.

ship condition (stern tow) / |unstable motion |condition (deg)  |Cd=T/1/2p BaV?
in still water | Waves| trim | heel | d Cd
even keel 265 0 0 0 0160 | 108
heel 245 0 0 63 | 0160 | 1.00
trim by stern (without deckhouse) 2.64 o 4.93 0 0237 | 073
trim by stern (capsize) 471 o 516 0 [0362] 08
small trim by stem (capsize) 345 o o) 212 0 0332 | 068
large trim by stem (capsize, with coil spring) 364 o o) 497 0 |0359 | 066
large trim by stern (capsize, without coil spring) | 3.23 o 0 497 0 |0359 | 059
trim by bow (capsize, damage) 291 o 819 | 2303 | 0408 | 047
trim by bow (capsize, damage) 219 o 7141 2372 {0391 | 037
trim by stern (capsize, damage) 305 o 403 | 1045 | 0347 | 058
large trim by stern (capsize, damage) 295 o 39 | 104 | 0345 | 056
heel (with plate) 407 o 0 23 0160 | 166
even keel (break) 217 o 0 0 0160 | 089
even keel (break) 259 0 0 0 0160 | 106
even keel (break, off-center tow) 301 | obligue 0 0 (0160 | 123
even keel (break, attachement, I=1.5m) 329 o 0 0 [0160] 135
even keel (break, attachement) 3.89 ) 0 0 0160 | 159
even keel (break, attachement, shallowdraft) | 272 | large 0 0 |0100 | 178
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)
30 bow tow
25 r
* a 4 (¢}
20 [ ] A » x
' o - . X
81-5 x x
03
05 r X 8
& % % X
0.0 L L L L
0 2 4 6 8 10
V(kt)
Fig. 2.2.2-3 Comparison of towing
resistance coefficient in bow tow
30
* o * ° stern tow
Co
20 x
X X
315 | ¢ : X
T
TH T
00 4 L
0 2 4 6 8 10
V(kt)

Fig. 2.2.2-4 Comparison of towing
resistance coefficient in stern tow

¥
il
L L 2235 |
I T ]
| <l < ~J
~ 300 ! 223.5 ! 223.5 !

Fig. 2.2.2-5 Schematic idea
of broken model ship
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6
5 .
4+ E 2
§3 —A—no spring (large trim)
= .
[ —&—1/4 spring
2+ —0O-1/2 spring
—A—no spring (small trim)
1r —cal. large trim)
0 . . . .
0 2 4 6 8

V(kt)

10

Fig. 2.2.2-6 Comparison of non-dimensional yaw

period against towing speed.

(1-2-2)

2kt 4kt
1/2 1/4
4kt
1/2 1/4
(Table 2.2.2-4 ) 4kt 6kt
2)3)
Fig. 2.2.2-6
( / )

2kt



2)

4)5)

(Table
2.2.2-4 ) (Table
2.2.2-4 ) Fig.
2.2.2-7~Fig. 2.2.2-12

6kt
( )
(
) 20% (
)
Fig. 2.2.2-7 Fig. 2.2.2-8
4kt
( )

(Fig. 2.2.2-8) Fig. 2.2.2-9~Fig. 2.2.2-12

2kt~6kt
4kt
2kt

4kt

Fig.

2.2.2-10 Fig. 2.2.2-12

2kt

4kt
2kt
2
6)
(1-2-3)
Fig. 2.2.2-13
(Table 2.2.2- )
8kt
Fig. 2.2.2-14
(Table 2.2.2- )
6kt
5
2)
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Fig. 2.2.2-15 (Table
2.2.2-4 ) Fig. 2.2.2-14
6kt
2
(1-2-4)
120 — 3
2 i yaw perio
100 | ——A——Zkt in still waer| Exp.g
- - - 4kt in still waer(Exp.
—— 6kt in still waer(Exp.)
80 L
o
[ J [ ]
& 60| .. ° L4 °
|_3 ® o
40 AA--A------A A"A"z"é
As A A A A A A
20 f A
0
0.0 05 10 15 20 25
AL
Fig. 2.2.2-7 Yaw period (small trim).
120 A 4 A 6 i
— - KH(EXP) - - - AKEXD) ——— BKL(EXD) yaw period
100 | —ZKtECaI.) —AktECa.) —6kt§Cal.) (large trim)
}Zkt
R 80 | o
i [ ]
B 60| o ® o .
g & } okt
40 | A DDt A
— -
20 A
0 ‘ ‘ ‘ ‘
0.0 05 1.0 15 20 25
A /L
Fig. 2.2.2-8 Yaw period (large trim).
40
* 2«
A 4kt yaw
A 6kt
30 || — - in still water(Exp.) A mean line
A V=2 6kt)
= Tt T T AR A
g A A
;20 F 6‘ [ } A
> T
[ ]
10 | [ ] = i
[ ] ° Y
)
0 ‘ ‘ ‘ ‘
0.0 05 1.0 15 2.0 25
AL
Fig. 2.2.2-9 Yaw amplitude(small trim).
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(1)
( )
(2
6kt
(3)
3
80 yaw
70 (large trim)
60 [ o 2kt
A 4kt mean line
'§,50 M sk V=2 6kt)
S|~ in still water(Exp.)
«© —in still water(Cal.)
330 N
N LY
10 * ° Se
.. ) °
0
0.0 0.5 1.0 15 20 25
A/L
Fig. 2.2.2-10 Yaw amplitude (large trim).
06 e 2kt
N gg sway
05 —A— in still water(Exp.) mean line
A A V=2 6kt)
04 . Q_ ______ A K
— A, A A A A
53 AD A
> [ ] [ J
02 PY
[ J [ J
01 ® o °
[ J
0
0.0 0.5 1.0 15 20 25
AL

Fig. 2.2.2-11 Sway amplitude (small trim).

0.6
® 2kt sway
05 | ﬁ gkﬁt mean line (large trim)
' —-—- in still water(Exp.) 2 6kt
——in still water&Ca?.) A

04 _-_-A_-A_-A ' z __________ -
% A A A A A A A ﬁ
= 3 AD A A

02 ®

¢ e o ®
01 o0 o ®
0.0
0.0 05 1.0 15 20 25
A/L

Fig. 2.2.2-12 Sway amplitude (large trim).



(1-3)

7)

2)

3)

Iargé trim by'stem

T(kg)

30

Y (deg)
Fig. 2.2.2-13 Comparison of towline

tension in different towing speed.

169
6kt
5 -
=
N — stern tow
77777 _|  —bowtow
,,,,, —| —Cal (stem tow)
AvAv.") i
-30 -20 -10 0 10 20 30

Fig. 2.2.2-14 Comparison of towline
tension in different towing direction

T(ko)

Fig. 2.2.2-15 Comparison of towline
tension on damaged condition.

(1-3-1)
2
7 1/100 1.8m 0.3m
0.2m 0.16m
(Fig. 2.2.2-1)
5
2 4
2
3
( 0.58m 0.3m
0.144m)
Fig. 2.2.2-5
3
1 (
1.78m) (
6.160g/cm)
Table 2.2.2-5
6kt( )
7.8kt
( 0.1215m
0.0121m) 2
4.90° (
) (
)
2.80°
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1.0 2.80°
2)
7)
Z/C a
2.5 T T
3 & Exp. Okt | .
2 | mExp. 2.6kt| - — - - — - - e mm e m e m———
( 150m  7.5m 3.5m) A Exp. 5.2kt |
( 50m  8m 4.5m) 15 || X Bxp. 7.8kt| - - — — - — - o P ———
( — Cal. Okt | ')
] |
) I r : | A
|
0.5 |
|
LED 2 o ‘
3 PSD 0 0.5 1 15 2 2.5 3
) AL .
Fig. 2.2.2-16 Response Amplitude
0 A a Operator of heave.
(1‘3‘2) 2 T T
1.8 | ®Exp Okt |- —-——-—- - -~
1.6 || ®Exp. 2.6kt| — —1-——— =~ =~ =
2.6kt 5.2kt 14 FlaExp 5okt co oo
PSD 12 || X Exp. 7.8kt -~ -~~~ " R S
1 F—CalOkt |--—------—-—--“——————-
0.8
7.8kt 06
3 04
02
0
0 0.5 1 7\1'/5L 2 2.5 3
Fig. 2.2.2-16~Fig. 2.2.2-18 .
g g 9 80° Fig. 2.2.2-17 Response
’ Amplitude Operator of pitch.
X/ a
1 T T
0.9 | ®Exp.Okt |~—|--— -
0.8 [-| ™ Exp. 2.6kt| - f: 77777777 B e T
0.7 F|aExp.52kt|-—m - - —— - - —— -~
0.6 -|XExp.7.8kt|- =" - -------—---——=———— o
0.5 F|—Cal. Okt |- —1-———— X ="
04 | ‘
03
02
01 F—— Y S > SR
(1-3-3) 0 R
0 0.5 1 1.5 2 2.5 3
AL
( ) Fig. 2.2.2-18 Response
Fig. 2.2.2-19 Amplitude Operator of surge.
Table 2.2.2-5 Experimental condition.
tow speed 2.65.2,7.8 kt (Fn = 0.0316, 0.0632, 0.0948) in full scale
towing in still tow direction bow, stern
water ship condition even keel, heel, trim by stern, capsize,
damage (hole, broken , change of GM
tow speed 2.6,5.2,7.8 kt (Fn = 0.0316, 0.0632, 0.0948) in full scale ,
0,2,4,6 kt ( Fn = 0.0245, 0.0490, 0.0735) in full scale
regular tow direction bow, stern
waves ship condition trim by stern (. 2.80° ), trim by stern (4.90° ), trim by bow (4.90° )
wave height 4m __in full scale
wave length/ship length] 0.5 2.0
towing wave direction head, follow
tow speed 265278 kt (Fn = 0.0316, 0.0632, 0.0948) in full scale
in waves tow direction bow, stern
irregular ship condition trim by stern (2.80° )
waves central frequency 0.7, 08, 1.0 (Hz)
significant wave height] 0.7 4.8m ___in full scale)
wave direction head, follow
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yaw period head waves
140 ®  2kt(reg) A 4kt
W okt —-—--2kt in still water(Exp.)
120 - - - -4kt in still water(Exp.) — 6kt in still water(Exp.)
O 2.6kt(irreg. A 5.2kt
100 O 7.8kt = =2.6kt in still water(Exp.)
N = = *5.2ktin still water(Exp.) 7.8kt in still water(Exp.)
280
=
60
Fig. 2.2.2-20 a0
20
0
0.0 0.5 1.0 i 1.5 20 25

(4kt )
Fig. 2.2.2-21
2.2.2-22
7)
5.2kt(
0.0632)

Fig. 2.2.2-19 Yawng period duringi unstable
motion in head waves.

60
TR yaw
50 | m 6kt
— - in still water(Exp.)
o g.gllztt(irreg) me_azn grile
AT 5 78kt / vz 6l
%30 3 ,
S T T TS T
20 A @ |
82 & 5 a
w0} ° s ® & s ®
o [ J
°
0 ‘ ‘ ‘ ‘
0.0 05 10 15 20 25
AL
Fi Fig. 2.2.2-20 Yawng amplitude duringi
ig.
& unstable motion in head waves.
‘ /
' Fig. 2.2.2-23
2.6kt
5.09
2.6kt
4) 5)
(1-3-4)
Fig. 2.2.2-24
1
2
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Fig. 2.2.2-25

Fig. 2.2.2-26

& Okt(reg)
® 26kt
A 5.2kt
5 e
o irr
120 ¢ o 2.6kteg
A 5.2kt
100 O 7.8kt
@) —2.6kt in still water(Exp.)
80 | = = 5.2kt in still water(Exp.)
I = 7.8kt in still water(Exp.)
80| —"—m—— o—-
< 60 °
°
= °
0 | “hhl NAL AN g A-g -
20 e
0 | | | | |

0 0.5 1 15 2 25
AL

Fig. 2.2.2-21 Yawing period during
unstable motion in following waves.

40 & Okt(reg
35 | mean line in still water (V=2.6-7.8kt) - 026kt
o | _________._D_i_ASZkt

. =l ., m7.8kt
L u

§25 N | YN A A < Okt(irreg)

S 20 | A b oA A 026kt

315 . A 4 A5.2kt
10 R O 07.8kt

5 r <&
.
0 PO s * * ;
0 05 1 15 2 25
AL

Fig. 2.2.2-22 Yawing amplitude during
unstable motion in following waves

8
7 follovwaves Bxqp Mean line
6 A
5 _:.‘_ 44 _:._él_._?._ r--
34 -
X .
23
o 26d(red)  52d(reg)
2 T8 026d(me)
1 A5d(meg)  07.8dfrrey)
0
0 05 1 15 2 25
AL
Fig. 2.2.2-23 Non-dimensional yawing
period during unstable motion

in following waves

4.90°) (
06
—4&—Tmin
submerged bow tow
05 | —o—Tmax
submerged
—A—Tmin deep
04 submerged
—@—Tmax deep
— submerged
203 || - - Tmin-origina
-~ X-- Tmax-original
0.2
01
0
0 2 4 6 8

Fig. 2.2.2-24 Towline tension
in still water (bow tow, bow trim,
immersed and capsized condition).

06
——Tmin submerged stern tow
05 | —e—Tmax submerged
—&—Tmin deep
04 + submerged
—e—Tmax deep
> submerged
<03 - =<+ - Tmin-original .
= -+ X- - Tmax-original N
01 -
0 x:
0 2 4 6 8

Fig. 2.2.2-25 Towline tension in still
water (stern tow, bow trim, immersed
and capsized condition).

09 A Tmin off-center stern
tow, even keel ,
08 r ® Tmax broken
07 |- 2nd power
06 | approximation
= — 3rd power
.—‘jj 05 | approximation
04 r
03 r
02 r
0.1 |
0
0 2 4 6 8 10
V(kt)

Fig. 2.2.2-26 owline tension of broken
ship in still water (stern tow, even keel,
off-center tow).



8)

Newman?

10)

(Fig. 2.2.2-27
2.2.2-28)
pgB2ha?/L

g ha
L

Fig. 2.2.2-27

Fig. 2.2.2-28

7)

2.80°

2.2.2-29 Fig. 2.2.2-28

(Fig. 2.2.2-30)
AMIL=1.5

7)

3
(Fig.
2.2.2-31)
Fig.
Taw
o Fig.
B  2.2.2-32
40% 7
AI=1.2
Fig. 2.2.2-33
=11 2
0 2
7)
5~6
4~5
Fig.
(1-3-5)
(
)
(1)
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T, /(rgB*Ha’/L) T, /(rgB*Ha?/L)
20 ‘ ‘ 50 T b - -
| stern tow, stern trim, upright | : ow tow, stern trim, CaPSlze
| '
I 40 |
15 b-——- U 0 W ® ki 4 O Okt
: A dk ® 2kt
t
| 30 A 4kt
S e B A W okt ] 0 m ookt |
——Cal. 2kt =—Cal. Okt
ST A M me M T i 10 l
|
|
0 0 e
0.0 0.5 1.0 15 A/ 20 25 3.0 0 0.5 1 15 /L 2 2.5 3 35
Fig. 2.2.2-27 Towline tension increase Fig. 2.2.2-30 Towline tension increase
in waves in waves
(stern tow, stern trim, upright). (bow tow, stern trim, capsize).
T,./(rgB*Ha’/L) T,./(rgB*Ha’/L)
20 T T 20 T T
: stern tow, stern trim, capsize : bow tow, bow trim, capsize
| I
15 F---- 4“ fffffffffffffffff ® 2kt 15 O Okt
A A 4kt ® 2kt
A 4kt
,,,,,,,,,, A 6kt
10 Lo 10 A 6kt
Cal. Okt — Cal. Okt
|
5 F-—-- A==V @ A B |- — = — = SF-——~"""®DH-Vv+--—--"--—---—- ‘T —————
|
. |
| 8o | A
0 | ‘ | 0 A
0 0.5 1 1.5 AL 2 2.5 3 0 0.5 1 1.5 A/L 2 2.5 3
Fig. 2.2.2-28 Towline tension increase Fig. 2.2.2-31 Towline tension increase
in waves in waves
(stern tow, stern trim, capsize). (bow tow, bow trim, capsize).
T,./(rgB’Ha’/L) T,./(rgB’Ha’/L)
20 . - ‘ 20 : :
stern tow, stern trim, capsize (trim = 2.8deg) ! (] stern tow, bow trim, capsize
oo |
® 2kt
A 4kt
A 6kt r-
=—Cal. Okt
|
! é
|
® O0ne o8 ‘
0 ‘ ‘ Q. O I 0 05 1 15 AL 2 25 3
0.0 0.5 1.0 1.5 A/L2.0 2.5 3.0 . . . .
Fig. 2.2.2-32 Towline tension increase
Fig. 2.2.2-29 Towline tension increase in waves
in waves (stern tow, bow trim, capsize).
(stern tow, stern trim, capsize, small trim).
(2)
(4)
(3)
(2)
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O V=0
o ® V=2kt A /L=10
os L | & V=4kt

A V=6kt
04 — approxi.

6kt in still water

bow tow, stern trim

! . .
0 0.01 0.02 0.03
ha(m)

1 1
0.04 0.05 0.06

Fig. 2.2.2-33 Comparison of towline

tension on damaged condition

( )
PL-B
(
)
JISF3303 3
50mm
PM-D
PL-B 1
2 1
(Photo2.2.2-1)
(Photo2.2.2-2)
PL-B
2
Fig. 2.2.2-34 KGPS
5
1 ( MS750)
KGPS
1 ( 4700)
PL-B
PM-D
1.57m 2

Table 2.2.2-6 Main dimension of tow

KGPS(
GPS)
KGPS
(2-1)
Table 2.2.2-6
PL (PL-B) PM
PM-D
30km
12 12 13 ~14
12 14 1
Table2.2.2-7 PL-B
PM-D (
)( ~ ) PM-D
PL-B ( )
PL-B
(
)
PL-B
PL-B
PM-D 2 1
PL-B
65mm 165m
( 1 2.125kg/m) 2
(2-2)

and towed ship.

Patrol Vessel

Patrol Vessel

'PL-B' 'PM-D'
Length 107m 60m
Breadth 14m 7.8m
Depth 7.3m 4.3m
Draft 4.4m 2.65m
Gross tonnage 3000t 600t
Power 8000PS 3000PS

73



Table 2.2.2-7 Experimental conditions at sea.

Exp. No. time speed(kt)| Patrol Vessel PL-B' | Patrol Vessel PM-D' | 49T | 0 chip
angle(deg)
1240 1255 0-8 straight straight PL-B
125 1311 6 course change follow PL-B
1315 1333 7 right turn straight 7 PL-B
1336 1348 7 left turn straight 7 PL-B
1400 1432 2,4,6 straight straight PM-D
1440 1448 2 straight turn 7 PM-D
1516 1544 3-5 straight turn 7,15,30 PM-D
100Hz KGPS 1Hz
KGPS
X ¥ )
H( )
(2-3)
2~4m/sec Photo 2.2.2-1 Tension meter installed
at bow.
Fig. 2.2.2-35 Fig. 2.2.2-36
KGPS PL-B
PM-D
110.64m 50.2m
PL-B
10.6cm
0.1% PM-D
19.6cm 0.4%
KGPS
(Table2.2.2-7 )
Fig. 2.2.2-37 KGPS PL-B
PM-D
Photo 2.2.2-2 Tension meter installed
PL-B
at stern
Fig. 2.2.2-38 PL-B
0.96
Fig. 2.2.2-37  9000sec
Fig. 2.2.2-39
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A B
AB h A B =11, ‘/ho(ho+2 b) (3)
]a ]b da T
oawl =1, -1
s A B dy =1, ~1, —d, =2 sinh 1 X - ) ()
W
Ta Tb TA a
TB ]c
12)
T, =T, (5)
Ta
|, =.|h(h +2-2 (1) S— ®)
Ty =+/T, +(W,)
T, . oW 5 . (7)
d,=—2sinh' —2 (2) Tg =Ty +(wl)
w T,
k r
l OSMIV
=1
4700 !
Fig.2.2.2-34 Measuring system using KGPS.
11050
11049
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8 11045 51
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46 498
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106 : : : : 45 : : : : ‘ ‘
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time(sec) time(sec)

Fig. 2.2.2-35 Change of distance between

two antennas in Patrol Vessel ‘PL-B’.

Fig. 2.2.2-36 Change of distance between
two antennas in Patrol Vessel ‘PM-D’.
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5 ! ! ( ' Tb (10)
. | —Pm-Dhead ange | | ly =4/(h, —h")(h, —h+2-2)
—PL-B head angle w
s Tt
< " prown =0 an
a0 I
3 |
T l, =d, +d, (12)
h
. . . Ts da db y/4 Fig. 2.2.2-40
12000 14000 16000
( )
Flg 2.2.2-37 Head angle of tow and 30% k O350(tf/m)
towed ship. ha By 4.89m
12 ‘ ‘ 4.35m
1; | [Start time of meas.:fggo{lz/u : da db
I 1 |
9 | —TensionNMR) |~~~ f 7T Ff- """ -——- ] Le
: — Tension(PL-B) ]
Tef 5L 353m e
[ i e | B e S ey St il s
| h
St 1m
B Y | O WY \ A B
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0
o | | . |
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Time(sec.)
Fig.2.2.2-38 Time history of towline 2
tension. 1w
PL-B
2
=g s VT +(wl,)’ ® Fig. 2.2.2-41
k PM-D ( )
2
B (1)
11.6tf
(3
\ \ Ta
l, =4/(h, =h)(h, —h'+2-2) (9)
w 8900sec
| TA
|€ |1 »
Ts B A TIF " Ta
Th <«
la ha
hb
v
[ S — — —>e—— g ————> B

Fig. 2.2.2-39 Schematic idea of towline figure during towing.
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6kt

Fig. 2.2.2-41
KGPS

KGPS

Fig. 2.2.2-42
PL-B

(Tm)

kY
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=
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.___.-":_.:
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— ,.-"'- I '
13 ] 141 250 h L] I

1K 26D 43

Fig.2.2.2-40 Numerical calculation

of towline tension and figure.

- Tensi‘on(NNRI)
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Fig. 2.2.2-41 Towline tension and

distance between tow and towed ship.

Fig. 2.2.2-43

2.2.2-41

8000sec

330m

Fig. 2.2.2-43

0.320(tf/m)

0.350(tf/m)

200

9%

KGPS 2

Fig.

2~3%

3mm)
13)14)

12.5%

180
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® Exp.

Qa
140 7
120 ®

—Cal. ||

100 [ ]

dy(m)

80 °
60 ®
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40 e
ap
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15 20

Ty(tf)

Fig.2.2.2-42 Comparison between

towline tension and distance

from towed point to sea surface.

25

20

=
o1

tension(tf)

—Cal

0.15 02

elongation
Fig. 2.2.2-43 Relation between
towline tension and elongation.
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0.357(tf/m)

2125(g/m) 0.96
52.3(kgf/mm?)

(2-4)
KGPS
2

(1)

(2) 65mm
52.3(kgf/mm?)

(3
(2)
GPS
(3-1)
(3-1-1)
Table2.2.2-8
PL
3
PLH-A)
34 44
5
(Fig.2.2.2-44)
~10 7~8
9 10
Table2.2.2-9
1 9 PL-C
(
T1~T4)

78

65mm

PL-C)
PL

139 36

14 1

PLH-A

PL-C

PLH-A

90
3 5
1 10
PL-C PLH-A
( T6)
PL-C 3 PLH-A
7 (
90 ) ,
PLH-A PL-C
( T7~T10)
PLH-A PL-C
3 7
PL-C
3 15
PL-C 120
( T6~T10)
75mm 200m
( 11:2.82kg/m
46.5tf) 2

Table 2.2.2-8 Principal dimension of
tow and towed ship.

Patrol Vessel | Patrol Vessel
PL-C PLH-A
Length over all (m) 91.47 130.0
Maximum breadth (m) 10.5 15.5
Depth (m) 5.5 8.8
Gross tonnage (t) 993 5,259
Displacement (t) 1,500 5,317

Sagami Bay

Izu
Pen.

Izu Island

Q

N34°44' Withip this -circle ,Of
E139°36' 5 nautical mile radius

§

Fig.2.2.2-44 Experimental site.




Table 2.2.2-9 Experimental conditions (tow).

. Patrol Vessel | Patrol Vessel [rudder angle .
t Exp. No. t kt t h:
date xp. No ime speed (kt) PL-C PLELA (deg) ow ship
T1 13:39-14:05| 3kt straight straight PL-C
2002/1/9 T2 14:05-14:26| 3kt right turn follow 7 PL-C
T3 15:03-15:20f Skt straight straight PL-C
T4 15:20-15:44] 5kt right turn follow 15 PL-C
T5 9:42-9:52 3kt straight straight PL-C
T6 9:52-10:10 3kt left turn follow 15 PL-C
2002/1/10 T7 13:19-13:32| 3kt straight straight PLH-A
T8 13:32-13:52| 3kt follow right turn 7 PLH-A
T9 14:07-14:25| 3kt straight straight PLH-A
T10 14:25-14:50, 3kt follow right turn 15 PLH-A
(3-1-2)
PL-C PLH-A Table 2.2.2-10 Measuring item and
Table 2.2.2-10 Table measuring device at Patrol Vessel PL-C.
2.2.2-11 PL-C
PLH-A measuring item measuring device
wave height ultrasonic wave probe
3 pitch optical fiber gyro
roll optical fiber gyro
sway acc. optical fiber gyro
surge acc. optical fiber gyro
1 heave acc. optical fiber gyro
wave compensation accelerometer
PL-C
PL-C Table 2.2.2-11 Measuring item and
3m measuring device at Patrol Vessel PLH-A
measuring item measuring device
tension tension meter
( roll vibrating structure gyro
) pitch vibrating structure gyro
sway acc. 3 axis accelerometer
surge acc. 3 axis accelerometer
JISF3303 3 heave acc. 3 axis accelerometer
50mm
PLH-A Patrol Vessel PLH-A Patrol Vessel PL-C
A
i 1 =]
e |
Signal di;l;ihulo;l .
,
Slave No.1 Slave No.3
S
2 i
Fig.2.2.2-45 KGPS4

Fig.2.2.2-45 Moving KGPS system.




2 KGPS
1 ( MS
750-1 7400Msi-3 ) PLH-A 1
3
PLH-A 1
DGPS
PLH-A
PL-C
10Hz
KGPS 5Hz
KGPS
X
¢ )
H( )
GPS
30 ~1
(3-2) (3-2-1)
2~18m/sec, 1~2m
Fig.2.2.2-46 T5~T6
2
180° PL-C
20 PLH-A
PLH-A
13tf
18.8tf 7°
PLH-A
16)
KGPS PL-C
PLH-A
5cm 15cm

80

) PL-C

0.3% PLH-A 0.12%
GPS
Fig.2.2.2-47 Fig.2.2.2-48 3kt
KGPS 2
PL-C
17.17Tm

PLH-A
12.8m

1.64tf/m

0.353tf/m 4.6

1007 |16
Towline

8
6
4
2
0

850 900 210 920 930 940 950 1000 10:10 10:20
Time

Fig.2.2.2-46 Distance between PL-C
and PL-A, head direction and
towline tension. (tow ship : PL-C,
towed ship : PL-A, stern tow)

distance between two ships (m) [ towline tension (tf)
445 distance 25

440

435

430

425

tension
420 - - - 0

9:35 9:40  9:45 9:50 9:55 10:00
Time
Fig.2.2.2-47 Time history of
distance between two ships

and towline tension (02/01/10).



2 m
m, k
T
KGPS
14% (13)
T6~T10
PL-C
PL-C Table 2.2.2-8 PL-C PLH-A
T5 T6 10%
1.64tf/m
3kt T 56.2
1.66tf/m 49.8 12%
(3-3)
T10
PL-C KGPS
(3-2-2)
(1)
Fig.2.2.2-49 4.6
towline tension (tf)
20
Fig.2.2.2-39 18
16
14
A B AB I, 12
A B 10
Ia Ib 2
d, d, A B . ‘
Ta Tb 435 437 439 441 443 445 447
dist between two shi
TA TB , istance between two ships (m)
|C h Fig.2.2.2-48 Relation between distance
and towline tension. (9:45-9:50, 02/01/10)
[ 1]
400 .
|
0.353tf/m #r |
Fi i 300 - e Tg*10
1g.2.2.2-48 2o | ‘ N da
|
22% 200 - — — — — — N\~ - :————«1——— B = =
150 F—————— = ¢ = < T e
! h*100
100 |
50 | :
0 |
380 390 400 410 420 430 440 450
1y [m]
Fig.2.2.2-47 . . .
Fig.2.2.2-49 Numerical calculation
1 10 49.8

of towline tension and figure.
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1000
Table2.2.3-1
(400m
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8.5mW.L.
Fig.2.2.3-1 Fig.
2.2.3-2
20 6850

Table 2.2.3-1 Principal dimensions

Patrol Vessel model
(PL-C)
OA 91.47m 6.8852m
Lpp 85.00m 6.3982m
Breadth 11.00m 0.8280m
Draft 4,00m 0.3011m
Displacement 1844t 767.4Kg




Salf-Propulsion Tast Results
M. 5 No. 0627 =M P. No. 008%8,/L
Gondition Tema of Keler D | ba-CF

N (rpal

i 2 Self-Propulsion Test Results
Dagign Load 0.8 0dx1d NS No 0677%N P Mo DOBOR/L
Cord it on Dl ta—CF =Wyl -0y
Dugigs Logd 0 4™ |G
TH
150
14
£
o
&
=
=
g
&
Vi (AL
Fig. 2.2.3-1 Self-propulsion. Fig. 2.2.3-2 Horse power estimation.
2 4 6
Fig. 2.2.3-3
1 ¢
o( )
1 wr
Fig. 2.2.3-4
7 e
R, =R, ~R)/ (pg&B / Lep)
Taw = (Tw - TO)/ (ngiBz / LPP)
e Qu = (Q,~ Q) / (PYLDB / Lyp)
Naw = (Nw - No) VD3/ (ngVBz / LPP)
R, T0,Q, N, : instill water with tow|oad
1) 2 1
6 A L
=1.2
2
1

83



Keys § Tow Losd

21ty

Xk,

o) et
A 135t
v 255t
—_— Cal.
My = 2.0kt , Fno= 00056 Y= 4.0kt , F, = 0.0T14 M= B0kt , F, =0 100
8T L= i o
03 . 0. 2 0.8~ ¥
i s D@ At B ]
04 e L4 i
02 02 0.2
00 0 no- i.0 0 — 1.0
e e L
0 4 neE 0§
0d = na 04
02 02
-0 0.0
0a 2o
(] 2
nn e n.o-
0.0 4B 1# 0.0 OB 1.8
A Ly LS Ly
Fig. 2.2.3-3 Amplitude of heave , pitch & surge
W, = 20kt , Fn= 0005 =0 0714 ¥, =Gkt F, =0 10%
10 I 16 1
20 g 2.0~
= |0 o = |0 m
0 E‘% 10 1.0 o 10
08 08 L 0.3
o7 06 1 06 . 0.4
ﬁﬁ 04 adg = o 0.4
EE! 02 -0.2 - 1.2
5.0 oo 50— oo 5.0 0.0
4. =) 40— E 4.Q *
L 10 Vo <304 & 5 3.0 EyH
- 21 gg v = 20 v - 28
e EEE 10— ﬁ Enn -
0.1 T T T 00177
0o 08 18 0,00, 4001, 21, 62.0 a0 o0& 1.4
A2 Ly LS Ly A/ L

Fig. 2.2.3-4 Example of self-propulsion test results.
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Salf-Propulsion Test Results
M. 5 Mo 0627 =M P, Ko D0E9R/L
Design Load Condition

1.3 —
0.9 - Fow Long
- = otf im Gti0] Rater
= — MZ Gt bm Bridl Raiter
0.4 — QEGtF em St Rater
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% [ees
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¥, [kt
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Fig. 2.2.3-5 Propulsive performance in

irregular waves.
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Fig. 2.2.3-7 Towing power of PL-C in still
water (495rpm).

Table 2.2.3-2 Principal dimensions
of Patrol Vessels.

Patrol VessellPatrol VessellPatrol Vessell Patrol Vessel
PLH-A PL-B PLC PU-D
fength overall 130 115.16 91.47 63.35
(m
fength 123 107 85 60
(m)
breadth 15.5 14 1 7.8
(m)
draught 5.25 4.39 4 2.58
(m)
d'Sp'ftc)eme“t 4956 3259 1844 630

werfffe= Towy Limit Max. Torgue Const )
Lo = Z) 617 = m (Const |
57wt
| S Hﬂ'
- 8 ., 8
E 5 - I"---._ ﬁd 7
E
Tow Loed [£T]
Fig. 2.2.3-6 Towing power in still water.
1.5 8. C [reguler Waves
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= 34m
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z 300 ¥ 26 GtFIENP ]
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Fig. 2.2.3-8 Towing power in

i
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g {kt)
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Tow Farce (B

Fig. 2.2.3-9 Towing power of PM-D
in still water (380rpm).

85



Blade &nglc

Ehip Speed |

86

& Tow Force

Wave Height

Wave Height

(Ja) 2.2.3-5
(Kr)

14

. Toi Foroe (A7)
ssafes Ship Speed (ki)

2)

Fig.

Fig. 2.2.3-6

1571 .. o-- Blade Angle {deg )
smmmm  Estimate (L) : Blade Angle : 14°
12 = & Ship Speed : 6. 3kt
P
=
5 Elode Angle . 8° ?
Ship Speed 4 1kt S
R s ne
6 = L
34 D
Oy
0 T ' | ' | ¥ T ' | ' '
14:00 14:10 14: 20 14:-30 1440 1450
Time (12724 | 20000
Fig. 2.2.3-10 Speed, pitch angle and towline tension in still water.
- dignificant Wave Period{sec. )
--t4-- Significant Wave Height(m)
—— Wind Speedin/s)
d - _ : 30 =
8 :, N o™ el ., 15 ;%
[ =9 L
& 2 o
-5 ) N ¥ AP R e i S o =
| | | | |
13:30 1 ] 14:30 15:00 1530
Time {1/9 , 2002
8 a0
B 6 - i 3
= 4 15 g
o
Al At JERRERREIRS * E
0 | | | | I 0
0830 0900 930 1000 10:30

Time (110 . 2002}

Fig. 2.2.3-11 Weather conditions.
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Fig. 2.2.3-12 Speed, Blade angle and Towline tension in waves.
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Fig. 2.2.3-9
Fig. 2.2.3-11
PL-C
( )
PL-C PLH-A
PL-C
©)

88

20

Fig.

Fig.

Table 2.2.3-2
2000 12

PM-D

Fig. 2.2.3-10

2002 1

Fig. 2.2.3-12
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Xuy =Cy, (x, 471 )ghl /dU}
Yy =Cy, (x,4/L; )gh /d U} (3)
Ny =Cy,, (<, 4/L;)gh; /d,U;}

Cxwi Cywi CNwi
ha
T
1 Io
Fig.2.2.4-2

Vi T

= 2T ginn [ 2l (4)
0] 2T

@w

To
I 2
T, =T’ +(“’2°) (5)
T
k
T2 +(a)|0j2
)

Xg = _TIICOS(V/I —¥, _g)

N7, :TIISin('rlll —¥, _‘9)

N7, = _TIVESin(l//l —¥, _5)
L > (8)

Xy, =T, cose

Y7, =T,sing

f
N, =T)—sing
T2 2 L, )
a f

ézll{Uzsin(g+ﬂ2)

a
_frIUICOS(l//2+g_!//1) > (9)

1

~U,sin(y, +e—y, +5,)

0 k
T
(4)
(6) T
212\2 213 2
w”l [
T+ 0 =k 2 (1, 1)
2 24T
TT (7
Ti,’ TOIi = 1 L
EpLidiUiz
X’Ti X’TJ
X
Table 2.2.4-2 Location of tow and
towed points.
Upright 33.0 56.0
Capsize 33.0 48.0

90

f U
—rz’Uzcos}—zrz’ )
L, L,
wi ri
v = &ri, (10)
L
(1) (9) (10)
Table 2.2.4-1 Principal particulars.
. Towed Ship
157 By (Wreckage)
L (m) 83.0 80.0
B (m) 10.5 58.0
d (m) 3.5 19.3
Cs 0.5028
As (m?) 130.0
As (m?) 525.0
Loa(m) 87.015
Table 2.2.4-3 Calculation conditions.
Wind North Wind, Va=15 (m/s)
Wave H1/3:3 (m), TH1/3:9 (SCC.)




Photo 2.2.4-2 General view of towed ship.

(3)

(a) Tow ship
L.W.L.

(b) Towed ship (Wrecked fore part)

Fig.2.2.4-3 Bodyplans of tow
and towed ships.

(3-1)
Table 2.2.4-1 2 2
CPP 1000

SR221

VLCC (SR221C

) 3 8.8.71/2
1/107
Bodyplan Photo 2.2.4-2

Fig.2.2.4-3

S.S.8 S.S.71/2
(3-2)
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6(deg.)

4),5)
U1 1(knot) 2(knot)
60(mm)
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I
3.5% 6)
a, I Table 2.2.4-2
£20(deg.)
51(p,s)=K1r1,+K2('//1 _‘//m) (11)

+ Ks(l//l —V, _5)+ K.,d,

YUm d;
Ki~K4
Table 2.2.4-3
7
(3-3)
Fig.2.2.4-4  Isherwood 10)
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Table 3-1 Ship for drift motion prediction.

10
kd

ship type [{lumber carrier
condition flooded
displacement 5,654t
Lpp 95m estimated
draft 5.4m estimated

b)

1)

(2)

®)

c)

Fig. 3-7 Ship during drift.
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10.8~13.8m/s 2.5~4.0m
2~4m
12.3m/s
3.3m :
Fig. 3-8
7~8
7.5
3 8
( 100m ) 5
7.5
88m p
1.08
Fig. 3-8 prediction curve of wave
Table 3-2 drift course and weather condition.
date | time lace ship current current wind wind wave | swall drift direction
P inclination| direction | speed (kn) | direction| force and speed
25-14.7N
10/25( 03-00 33 0.8 ENE 5 |ENE-4| NE-3
124-09.8E
25-14.5N
04-00 L30 50 0.3 ENE 6 |ENE-4| NE-3
124-09.0E
25-13.4N
05-00 40 0.5 ENE 7 |ENE-5] NE-3
124-09.1
25-12.7N
06-00 73 0.7 ENE 6 |ENE-4| NE-3 | 210° 2.0kn
124-05.9E
25-11.7N
07-00 L15 62 17 ENE 6 |ENE-4| NE-3 185 20
124-08.3E
25-12.3N
08-00 L15 ENE 7 |ENE-4] NE-3 310 1.0
124-07.1E
25-08.5N
09-00 L15 154 15 ENE 7 |ENE-5] NE-3 211 20
124-06.0E
25-06.9N
10-00 L15 ENE 7 |ENE-5] NE-3 205 2.0
124-05.0E
25-04N
11-00 L15 211 0.9 E 7 E-5 |ENE-3| 183 20
124-03.8E
25-03N
12-00 503 L15 135 14 E 6 E-5 |ENE-3| 215 1.2
124-02E
25-01.1N
13-00 >0 L15 E 6 E-4 |ENE-3| 210 1.0
124-02E
24-50.9N
14-00 599 L15
124-01.6E
24-58.8N
15-00 12401 4E L15 ENE 6 E-3 |ENE-3| 227 0.6
24-58N
16-00 %8 L15 E 5 E-3 | ENE-3
124-01.6E
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Fig. 3-9 result of drift course prediction.

2004

1)
2 pp331-366
2)

Vol.190 pp.151-160
3) Tanizawa, K. and Minami, M., : On
the drifting speed of floating bodies
in waves, Proc. 12th |SOPE Conf.
Vol.3, (2002), pp.391-398
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(1
( )
Table 4-1
( ) (L B D
1
L B D
4.1. 2) (Compartment)
(Optimum Towing B D
Support System: OTSS)
No
3) (Light Weight)
(Basic Weight) (Local
DOS/V Weight) Weight
0S (L’B’D)/(LBD)
Windows
1024x768( 1280%1024
14 ) 64Mb (
128Mb ) CPU  400MHz HD
1 3600 3.5Mb
(2)
Visual Basic
FORTRAN C++ Deck
1)
4
2)deck
3)
ViewPoint 1
100Kbyte 4)
D-WEB 5)
D-WEB
Table 4-1 Main particulars of type ships.
Type ship Tanker 1 |Tanker 2 Container| Barge Cargo |Fishing boat
D/W 258,000 150,000 23,700 12 500 18,000 499GT
Lpp (m) 320.00 265.00 200.00 70.00 180.00 156.00 53.00
B(mid) (m) 58.00 48.30 32.00 20.00 32.00 26.60 9.40
D(mld) (m) 28.80 22.40 16.50 4.00 14.00 14.10 3.95
d (mld) (m) 18.50 15.20 10.50 3.80 8.50 9.00 3.60
C 0.83 0.83 0.56 0.92 0.55 0.70 0.66
Ich (%) -3.70 -3.30 2.40 -0.90 2.38 -0.54 1.15
single hull | double hull
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Surface Effect) (GGO)
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)
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(VCG)
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v v v
Goto select | select |
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screen
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Broken condition of disabled ship Gz-curve
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calculation of center of gravity and Form of submerged part
damage stability
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(4)
(5)
(6)
)

(Typeship)

) (L B D)
(7

(

]

Calculation of hydrodynamic
force and motion
(If you only refer to past results or
default, you don’'t need to calculate.)

GZ

Animation

l

Steady drift calculation

Drift speed

Drift direction

Maneuver simulation

(If you only refer to past results or
default, you don’t need to calculate.)

!

Save of input data and results

!

End

Fig. 4-1 Flow of Optimum Towing Support System.

Towline tension

Amplitude of
unstable motion

Effective horse powel

Trajectory of tow
ship and towed ship
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Fig. 4-2 Display for the start. Fig. 4-3 Main menu display.
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Fig. 4-5 Input menu for tow ship and towline.
Fig. 4-4 Input menu for ship status.
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Fig. 4-7 Display for drift prediction.
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- g ] . heel {dep) . . .
upright nosmal | draft (m) . Table 4-2 Drift motion (wind only).
 — {-._, | drift | drift [ head
I:_hl_'__'__—_'_'_ = . Solution L L
WS 0 irim (deg) port side Ship Type No. speed | direction | direction
(kt) | (deg) | (deg)
*capsized normal | raft im heel (deg) 1 0.88 | 174.4 271.1
C:'“—:— 2 2,92 | 180.0 | 180.0
¥ : |' z. ]. Cargo
— 1 F 3 0.88 185.6 88.9
—t— =T+ 4 282 | 1864 [ 7.1
Ms 1T i 1 [091 [ 1715 | sLe
tram {deg) 2 | 216 ] 1800 | 1800
Fishing boat ™15 1800 | 0.0
*upright broken | deaft (ol (degh=~ 2 0.91 188.5 27é 2
e - - .
B —— F__‘Z I:_j' PCC 1 2.13 180.0 180.0
___}___ﬁ——— | 2 1.76 | 180.1 | 360.0
: ME T trim (dog) port side 1 |o056] 1690 | 824
2 1.45 180.0 0.0
L . . hee] {de Tanker2
capszed broken draft {m) el (ueg) anxer. 3 1.72 | 180.0 180.0
E———._._ 4 0.56 | 189.2 | 277.7
——— m
____‘?; ; Table 4-3 Drift motion (wind and waves).
A ol mds
tram (g : E - -
Solution drift drift head
Fig. 4-15 Definition of ship status. Ship Type No speed | direction | direction
Bending moment Shear force (kt) (deg) (deg)
(MT-M) (MT) 1 2.58 172.0 89.5
10000 E—— ‘ 2300 2 539 | 180.0 | 180.0
9000 |- - — i ‘ 2000 Cargo - - -
s o 3 53] 1850 | 59
000 | 1 1000 4 | 258 1880 | 2705
6000 4500 1 1.86 [ 133.5 102.1
5000 4 10 L 2 3.03 180.0 180.0
4000 1500 Fishing boat 17 5 T 1500 | 0.0
2000 oo 4 1.86 | 2265 | 2579
2000 1 -1500
o 1 000 1 [1.89] 1337 [ 2793
. Lo 2500 peC 2 1.88 | 151.0 | 290.7
0 10 20 30 40 50 60 70 8 90 100 3 257 | 1776 358.5
From A.P. (m)
. . 4 3.18 183.1 183.5
Fig. 4 1§ Shear force and b'ePdlng moment on 1 > | 1148 375
upright full loaded condition (1/3 aft part). Tanker2 > 50 | 1800 0.0
Drat, Trim Hee 3 223 | 2433 272.5
40 —#- Draft (m) (ballast) - Trim (deg) (ballast) —&— Heel (deg) (ballast)
30 |=0=Draft (m) (full) __ -O-Trim (deg) (full) =/~ Heel (deg) (full)
20 |
10 [
0
-10
ol 4.3.2.
30 : : :
Initial Damage 1 Damage 2 Damage 3 Damage 4
condition
Fig.4-17 Change of ship status on upright full 10m/sec
loaded condition (2/3 fore part). 2m Tsec
OO
Fig. 4-17 2
(Fig. 4-18)
PCC ( ) 4
Table 4-2
2~4
0° 180°
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Tank150, wind only

Tank150, wind and waves
drift speed(kt) l 0 l drift speed(kt) l 0 l
330

25 30 pe?iod: 7.0s 3.0 330 30 period: 7.0s
20 ~_ height: 0.0m 25 < >
1'5 incident angle: Odeg 2.0
’ 300 L. 300 /.
1.0 1 (5)
0.5 0:5
0.0 —270 0.0 —270

g drift < drift

210 180 150 direction(deg) 210 150 direction(deg)
Cargo01, wind only Cargo01, wind and waves
drift speed(kt) l 0 l drift speed(kt) l 0 l
. 30 period: 7.0s 6.0 330 30 period: 7.0s
~height: 0.0m 5.0 < ~ height: 2.0m
ihcident angle: Odeg 4.0 hgident angle: Odeg
60 3.0 - 300 wind |60
speedy 10.0m/s 2.0 \ speedy 10.0m/s
dent angle: Odeg 1.0 incident angle: Odeg
90 0.0 =270 90
120 240 X~ 120
< . drift ( ) i
.. drift
210 150 direction(deg) 210 150 direction(deg)

180

drift speed(ko) l 0 l drift speed(kt) l 0
330

Fish02, wind only

Fish02,wind and waves

2.5 30 period: 7.0s 35 330 30 period: 7.0s
2. height: 0.0m 3.0 . 7
1'(5) > ncident angle: Odeg :
1.0 300 wind | 60 .
. (" speed: 10.0m/s
0.5 inciddnt angle: Odeg
0.0 =270 90

drift
150 direction(deg)

PCC929, wind only drift speed(kt)

drift speed(kt) l 0 l 35
330

25 30 period: 7.0s 3.0
20 ~_ height: 0.0m 2.5

) ncident angle: Odeg 2.0
1.5 300 / 15 300
1.0 1.0
0.5 intide ta'ngle: Odeg 8(5) 270
0.0 =270 90

240
240 120
drift

210 150 direction(deg)

180

Fig. 4-18 Drift motion prediction of various type of ships in wind and waves.
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Table 4-4 Submerged part of type ship status.

Stern trim 3° Bow trim 3°
Barge e o e Rl e
Cargo | —pmme——e | s
(1)

Container | |~
Fishing boat __'___ El

PCC " T W i 8)

Tanker2 9)

(Double hulh)| T ——— | —— Newman
Tankerl 1 .

(Single hull) _— ___' 3

Table 4-5 Submerged part of tanker and cargo.
Cargo Tanker2(Double hull) Table
: : 4-1 7 ( 2 )

6° trim | e e | e
3 nim | T | e—— +39( 4

Even keel | i | — ) 3

3 im | e | ———

60 trim | ST | ————

Table 4-6 Submerged part of broken tanker. ( )
Aft part Y +3°
LOA =176.6m
Fore part
6.0° trim ( |
LOA =88.3m

+6°
All
Even keel Table 4-4
LOA =265.0m
Table 4-5
90° ( )
2 Table
4-6
(2)
Table 4-1
pPCC 1.5
xW
Table 4-3 F, :lﬂ 5)
2
1.4~2.0 Engha
P g
L h,
4.3.3. 0°
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Fig. 4-19 Effect of ship type on RAO of ship motion and wave drift force (even keel, head wave).
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05 by | 05 Vd T
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02 ‘/ P PCC o ka2 - M ——PCC ——tanker2
01 o torkerl | o1 O tanker1 N
00 , , 0.0 I I I
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AP L
12 0.30 I \ \ \
0 025 7Fx1 L bage. - carg;) ]
: ’ —A- container ~ —@—fishing boat
0 —— PCC ——tanker2
08 ’ —~ tankerl
0.6 evenked —{ 015
Odeg
04 i
- barge - cago
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0.2 ——PCC —— tarker2
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0.0 ‘ ‘ ‘
0 05 1 15 2 25 3
L

Fig. 4-20 Effect of ship type on RAO of ship motion and wave drift force (even keel, follow wave).
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1.8 T T 2.0 T T T T
16 | surge | 18 | heave| ! !
14 ‘ 3 00wim 6 [ ] W barge -cargp [~/ - - = -
B 180 d”m 1.4 L | A container —e—fishingboat| _ _/ [
12 | °g ——PCC —o— tanker2
10 b ___| 2 o-tankert [T == T
1.0
0.8
0.8 ---q
0.6 F—-——————-——5 -H- barge —&- cargo 0.6 .
04 F--oo_ A container  —~ fishingboat|_|  , -3.0°trim
N —~PCC —o— tanker2 - 180deg
' — tankerl ’ !
0.0 0.0 L I
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5
ML ML
6.0 ‘ ‘ , 0.0 :
| | |
. | | | 0.5
5.0 pitch, I I
s s s |0
a0 || -B barge ~®-cargo | [ ~ -3.0%tim |
: —A-container ~ —®— fishing boat R e e e | 2 B N D R
30 ——tanker2 | [ \ | 20 boodooloo oo ~- cargo __
: —A— container —@— fishing boat
20 I e i ——PCC —o— tanker2 -
’ 30 ooV ——tanker1 L__
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ML
Fig. 4-21 Effect of ship type on RAO of ship motion and wave drift force (bow trim, head wave).
1.6 T T T 3.0 T T T T T T
| | | | | | |
14 _suree, 25 heave | | | | !
B T = T~ S
1o || o baree Wb cao ‘
’ 2 A container —®—fishingboat| 1
o L —A— container 20 [ 1-~—PCC ——tanker2 | g " T T
’ —@—fishing boat ——tanker]
08 ——PCC 15
06 | rtankerl /g ® - m oo e 1.0
04 f----t-- L & B
s ) 05 f----
0.0 0.0
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5
AL AL
6.0 T 2.0
pitch | | | 18 |- B - - - - | Wbarge @ cargo -
50 - R S S S S W _ _ _ | & container  -e—fishingboat | _ _ _ _
- barge —@-cargo ——PCC ——tanker2
40 | & container —@-fishing boat L4
——PCC —o—tanker2
30 L 4~ tankerl
20 fF----p----p----mom oo

AL

Fig. 4-22 Effect of ship type on RAO of ship motion and wave drift force (bow trim, follow wave).
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14 |- —|-H barge —4-cargo
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——PCC —o—tanker2

10

ML

6.0 T
|

T

|

|
T--

I

5.0 | —heave— — - - - -r---
—-barge —&-cargo

401~ container —8—fishingboat| !
—+=PCC —O—tanker2

3.0 —~tankerl

—A-container —®—fishingboat

" 7|=—PCC —o—tanker2

- tankerl
T

3 35

5.0 T T T 4.5
| | |

45 [ -suge - -~ - [ [ L N

40 - - barge ~@- cargo T N 3.5 [~ M-barge ~#- cargo

3.5 |- —| & container —®—fishingboat| - - - /-1 ---- -—-- —A-container  —@~ fishing boat

30 -
—+—PCC

3.0

2.5

2.0

1.5

10 f----F---—--

0.5

0.0

0

20 T T T

18 | pitch, | |

16 | - - barge %-cargo | /TN T 12 k- - barge ~4- cargo /A N
14 | = | A container —®fishingboat| ~~ ~ /"~~~ \~~~~~ ~A-container @~ fishing boat

12 ——tanker2 [--—-F-————-\-—--—- L0 =~ —pcC —o—tanker2 TN T T T
10 - |-o-tankert 00 |- _® 08 +-|—tankerl b -A———— ke
8 3.0°trim 06 3.0°trim
P R S H R Odeg | Odeg

04 r

4 ,,,,,,,,,,,,,,,,,,,,,,,,

2 02 r

0 RESSS 0.0

0 0.5 1 1.5 2 25 3 3.5 0 0.5 1 1.5 2 2.5 3 35
AL ML

Fig. 4-24 Effect of ship type on RAO of ship motion and wave drift force (stern trim, follow wave).
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14 T T T T T 25 T T T
I | | I I I I I
12 surge’lf - {aﬁ(-ﬁof’tri‘m) R it Ak :* - 5L 7h<ial/e7 ] & aft(-6.0°%trim) | : 77777
|| fore(6.0°tim) 3 —&— fore(6.0°trim) |
e I " lAall(even keeh) T T T N ~A-all(even keel) ‘
I T T I
0.8 | -
I
I
06 77777 I T T T T T T T D
I
04 F---- e v, B tanker2 — —
| broken
02 F-——"-—Ff-F- - + - — - 180deg — |
0.0 . .
0 0.5 1 1.5 2 2.5 3 35
ML
1 T T T T T 0.0
| | | | 315
09 . 1
pich| o1 |-
08 F——-—+ it Bl el "o Sty At il Wil :
I
0.7 | 02 | : |
0.6 } | -B- aft(-6.0°trim)
05 F---- : ,,,,,,,, 03 F---1- _ ,: _ _ _ |- fore(6.0°trim)
—A
04 - : o ] : : all(ev‘en keel)
03 - - I l - L _ -0.4 | | |
. | - aft(-6.0°trim) tanker2 : : tanker2
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| 05 F px 180d.
0.1 F——-—- | —Aall(even keel) |- -180deg - ‘ : \ : : ‘ ]
0 1 1 ! 06 | | | | | |
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Fig. 4-27 Effect of ship status of broken tanker on RAO of ship motion and wave drift force.

ML 2.5
Table 4-7 Metacenter height and center of gravity.
aft(-6.0°trim) | fore(6.0°trim) | all(even keel)
GML 77.403 32.439 384.33
0GX 15.768 -3.144 8.75 ( )
180°
Fig. 4-19 Fig. 4-20 Table 4-2
Fig. 4-23 Fig. 4-24 30
A/L=0.5 10
Fig. 4-21 Fig.
4-22 -3°
(
) Fig. 4-25 Fig. 4-26 (
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Share data of a drifting
ship on network

Japan Coast Guard
Search and Rescue department

Salvage companies

Local branch of
coast guard

Search and Rescue department

|

Patrol Vessel

host computer

Fig. 4-28 Towing operation concept using internet for making emergency towing database.

)

( (
) ML=1.0
6°
(2)
ML=1.5
Fig. 4-27 ( )
1/3
(3)
3
6
Table 4-7
(GML)
(0GX)
(4)
2
(5)
4.4.
1)
0 (6)

2-3kt

5-6kt
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10

Fig.1

point contact lay

Fig.2

FI 3 — N TA—\) bR 74 53—% =N A=
g. 6 x5(19) 6 xW (19) 6 xFi(25) 6 xSeS(37) 6 XWS(36)

Fig.3 Linear contact lay 4

L
IWRC CFRC
IWRC 6 xFi(25) CFRC19+ 8 x 7 + 8 x Fi(25)

(IWSC: Independent Wire Strand
Core ) IWRC: Independent Wire
Rope Core CFRC: Center Fit Wire Rope Core

Fig.4 Section of core ropes 4

Table 1 Classification of breaking load 4

ki 1 51 izl =
L@f!3ZON/mm’( 135kgf/mm® HR)| BARUD % (D SHAMIMLEN L L DEET)

IS 1648 (1470N /mm?{ 150k gt/mm?)48)| > (1 S EABMLERT -2 b DEET)

G
3525 |AHE(1620N/mm?{165kgf/mm’ )| BRU® - % (9 2 HABNL &4 7 49)

(Fig.4)

Table 2 Symbol of lay 4

JIS 3525 Table 1 0 Fra—— 7 1

U Ay Skh Z&n S$&M
" 0/0 | C/O | 0/S | C/S | O/L | C/L | O/LS C/LS

-3 G/0 |GC/O| G/S | GC/$ | G/L | GC/L | G/LS | GC/LS
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(Table 2)

6x 37 G/O IWRC 6
x WS(36) G/O
6x 37
37 6
G/O Table2
A
IWRC 6x WS(36)
< 7 IWRC: Independent Wire

Rope Core WS Worinton Seal
6

6% 37 IWRC 6x

WS(36) Table 3 Table 4
2.2.1 (2-4-1)
OCIMF
D/d>12
D/d=10

IWRC 6x (37) D/d=16 6 x

WS(36) D/a=20

Table 5

Fig. 5 Appearance of synthetic
fiber ropes 9

4 Fig.5
1) 3
2) 2x 4 Z
S
4 2
4
3) 12 2x 6 Z
S
4 2
6
4)
1) 4
VA
S
A
S A
1
JIS
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2x 4 2% 6

3.3 3.5
1/2
20
( )
Table 6
12mm 24
200m
Table7-1 7-3
37
25 K
10
6
1)
K (1)
0.96
11,1 (1)
K Kg G
40
EA T
K. =—=— (2)
E1 Al
12H3
6T 23 3)
wel
T
EA=— (4)
Al /1
Ke Ke E
A [ Al
T H w
2)
Fig.6
0.5%
E
Table 8
E A
0.97 Table 3 4 I (2)
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(3) (1)
CPiT & 0 6 X197 5 XDBA) 40 ;
or TEKMILON
i | 1x 8 ¢ 3mm i
i < 300 77 1
i < 17
i 3 N g 200
z - R = Y
% L 100 )
= Vi1v,
: 0 4
L 0 1 ? 3 4 5
L elongation (%)
10
L Fig. 7 Hysteresis loop for synthetic
i TJLFryarik fiber rope 7
0_ L P SRS T S R T T WA |
0.5 1.0 1.5
i [ S | I 111 | |
0 0.5 1.0
RUE(%)
Fig.6 Load elongation curve of wire rope 4
Fig8 15 8
3) BF 100
600@
Fig.7 100¢
1x 8 3mme ° °
Fig.10
30 50 70 Figl3
15 Fig.10
20 3
Table 8 Young's modulus of wire ropes 4
N/mm? {  /mm?}
%
6x 24 24500 {2500} : 37300 { 3800 } 63700 { 6500 } 78500 {8000} | 0.7
6x 37 25500 { 2600} : 41200 { 4200} 78500 { 8000 } 91200{ 9300} | 0.6
6x 19 6x Fi(25) 39200 {4000} i 50000 {5100} | 79400{8100} : 93200{ 9500} | 0.35
6x I%/\s/)RC IWRC6x Fi(25) 43100 { 4400 } 58800 { 6000 } 84300 { 8600} : 108000 { 11000}| 0.3
6x 37 6x Fi(29) 38200 {3900} i 49000{5000} | 78500{8000} i 92200{9400} | 05
6x WS(31) '
6x 37 IWRC 6x Fi(29)
WRC WRG 6% WS(31) 42200 {4300} i 57900{5900} | 83400{ 8500} : 106000 {10800 }| 0.45
6x 37 IWRC 6x Fi(29)
IWRC IWRC 6x WS(31) 44100 { 4500 } 61800 { 6300 } 86300 { 8800} : 108000 { 11000}| 0.4
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IWRC 6x WS(36)

A=1850mm?
Table9
2000ton 10.32 N/m
To 270sec
Tol4 68sec
5 10
(9)
K=5.54kN 150m
K=10.32kN
1/5
2) 10)
4
9)
Fig.17
m
2L
Py m c (5)
C (6)
1/3
m=2CpL  C<1 (5)
2
L
C-= EVJ dx (6)
"\ Yo
Yy
Yo
Fo
F (7) Co
9 (8)
F=C,F,sinat (7)
2
C, - 2-ac (8)

a2
2+7—ao-2(1+ ab)

P
t o
FE A 0
Kx
0 I< < t
T/4 T/4

Fig.16 Shocking force and relaxation

Table 9 Spring constant of towing wire

Ke Kg K
Wire Rope 979.02 58.88 55.54
Nylon Hawser 13.03 459.33 12.67
total - -—- 10.32
( Unit: KN/m )

Fig.17 Arrangement of tow system?10

wolf S22 my m Fig.17
T, p
g To W=Mg
% ) 2L Tw
9) mo
Co Fig.16 19
Fig.16
mo 9)
27,000ton 150m
8sec 6kg/m
18% 1 ton
0.6%
1 ton
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Fig.17

Fig.18
Fig.19
1) 1967
2)
1995
3)
1988
4)
5)
6) OCIMF MOORING EQUIPMENT
GUIDELINES Second Edition (1997)
7)
5
(1993)
pp.5-8
8)
29 4 (1984) pp.403-411
9) (1976)
pp.872-873
10)
(1972) pp.460-471
11)
a) JIS G 3525
b) JIS L 2703
c) JIS L 2704
d) JIS L 2705
e) JIS L 2706
f) JIS L 2706
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Table 3 Standard of wire rope [6x 37] 4

6x 37 6x 1+6+12+18
(
mm - mm2
G A B kg/m
kN tf kN tf kN tf
6.3 0.30 15.6 19.6 2.00 21.1 215 225 2.29 0.143
8.0 0.38 24.8 31.6 3.22 34.0 3.47 36.2 3.70 0.230
9.0 0.43 31.8 40.0 4,08 43,0 4.39 459 4,68 0.291
10.0 0.48 39.3 494 5.03 53.1 5.42 56.6 578 0.359
11.2 0.53 49.3 61.9 6.31 66.6 6.79 71.0 7.24 0.451
(12) (0.57) (56.6) (71.1) (7.25) (76.5) (7.80) (81.5) (8.32) (0.517)
125 0.60 62.4 771 7.86 83.0 8.46 88.5 9.02 0.561
14.0 0.67 78.1 96.7 9.86 104 10.6 111 11.3 0.704
16.0 0.76 101 126 129 136 13.9 145 14.8 0.920
18.0 0.86 127 160 16.3 172 175 183 18.7 1.16
20.0 0.95 157 197 20.1 212 217 227 23.1 144
224 1.06 197 248 25.3 266 27.2 284 29.0 1.80
(24) (1.14) (226) (284) (29.0) (306) (31.2) (326) (33.3) (2.07)
25.0 119 248 308 315 332 33.8 354 36.1 2.25
28.0 1.33 313 387 395 416 425 444 453 2.82
30.0 141 354 444 453 478 48.7 510 52.0 3.23
315 1.50 392 490 499 527 53.7 562 57.3 3.57
335 158 441 554 56.5 596 60.8 636 64.8 4,03
355 1.68 495 622 63.4 669 68.3 714 72.8 453
375 178 553 694 70.8 747 76.2 796 81.2 5.05
40.0 1.88 629 790 80.5 850 86.7 906 92.4 5.75
425 2.00 700 892 90.9 959 97.8 1020 104 6.49
45.0 214 806 1000 102 1080 110 1150 117 7.28
475 2.24 879 1100 114 1200 122 1280 130 8.11
50.0 2.37 982 1230 126 1330 135 1420 144 8.98
53.0 251 1100 1390 141 1490 152 1590 162 10.1
56.0 2.66 1230 1550 158 1670 170 1780 181 11.3
60.0 2.86 1440 1780 181 1910 195 2040 208 12.9
63.0 3.00 1560 1960 200 2110 215 2250 229 14.3
67.0 3.16 1760 2220 226 2380 243 2540 259 16.1
71.0 3.35 1980 2490 254 2680 273 2850 291 18.1
75.0 3.55 2210 2780 283 2990 305 3190 325 20.2
80.0 3.75 2480 3160 322 3400 347 3620 370 23.0
85.0 4,05 2870 3570 364 3840 391 4090 417 26.0
90.0 428 3180 4000 408 4300 439 4590 468 29.1
95.0 453 3580 4450 454 4790 489 5110 521 324
100.0 473 3930 4940 503 5310 542 5660 578 35.9
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Table 4 Standard of wire rope  IWRC 6x WS(36) 4

IWRC 6x WS(36) 6x 1+6+12+18
(

mm . mm2

A B kg/m

kN tf kN tf kN tf

16.0 0.92 130 163 16.6 173 17.7 182 18.6 113
18.0 1.03 164 206 21.0 219 224 230 235 143
20.0 114 202 254 259 271 276 284 29.0 176
224 1.28 254 319 325 340 346 357 36.4 221
25.0 143 319 398 405 423 432 444 453 2.75
28.0 1.60 403 499 50.9 531 54.1 558 56.8 3.45
30.0 1.70 456 573 584 609 62.1 640 65.3 3.96
315 1.80 505 631 64.4 672 68.5 706 719 437
335 191 568 714 728 760 775 798 814 494
355 2.03 638 802 81.8 853 87.0 896 914 5.55
375 214 712 895 912 952 97.1 1000 102 6.19
40.0 227 810 1020 104 1080 110 1140 116 7.04
425 2.40 901 1150 117 1220 125 1280 131 7.95
45,0 258 1040 1290 131 1370 140 1440 147 891
475 270 1130 1440 146 1530 156 1600 164 9.93
50.0 2.86 1270 1590 162 1690 173 1780 181 11.0
53.0 3.03 1420 1790 182 1900 194 2000 204 124
56.0 3.20 1590 2000 203 2120 217
60.0 3.45 1850 2290 234 2440 249
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Table 5 Characteristic value

CONE ORI
— — 4.0 6.6 | 2.3 | 104 | 1.45
840D/96F 7.0 18 27
1260D/210F | 9.0 9.7 |16 27| 85 | 1.14
12600/204F | 9.0 9.7 |19 24
10000/192F | 8.4 9.0 |11 14
000/250F | 92 9.5 |10 15| 45 | g g
#5 4.0 14
is 27 | o8| e |1
S-VE #5 4.3 9.6 | 93 | 1.30
400D/1F 6.3 15 | 100 | 0.9
400D/2F 12.0 12 | 100 | 0.9
680D/120F 7.5 20 | 100 | 0.91
3000D/1F 7.0 9.0 15 | 100 | 0.91
P.P #5 5.5 22 | 100 | 0.01
2000D/100F 5.5 12 | 100 | 0.01
3000D/1F 8.0 13 | 100 | 0.01
450D/1F 2.3 22 | 100 | 1.37
1000D/1F 1.9 20 | 100 | 1.70
1000D/1F 1.9 22 | 100 | 1.70
1500D/1000F 26.0 5.3, | 100 | 1.44
1500D/1000F 26.0 4.0 | 100 | 1.39
15000/300F 26.0 3.9 | 100 | 1.41
1600D/1560F 30.0 4.0 | 100 | 0.97
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for synthetic fiber rope
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Table 6 Performance comparison between before and after
test of 24hours submergence )

24
No.
(mm) | (g/m) 00 -
(%) (%)
125 115 13 111
1040 | 280 41
139 115 16 111
12,0 354 52 409
865 i 150 13
122 3.09 51 357
120 3.45 31 319
s 1080 | 120 0
12.0 350 31 324
_ 123 158 37 183
S-VE 665 | 340 35
( ) 126 133 41 15.4
123 155 35 180
862 i 360 38
125 1.29 40 14.9
122 1.80 32 24.4
738 i 110 0
122 185 32 251
12.0 252 30 327
740 | 140 0
12.0 253 30 3238
120 2.10 33 28.8
73.0 70 0
12.0 214 35 29.3
122 2.40 24 312
79.7 6.0 0
122 2.00 24 314
125 347 51 384
903 | 372 16
126 3.20 50 354
122 3.45 31 314
s 1100 | 252 0
122 350 31 318
12.4 178 31 24.9
714 1 277 0
12.4 187 30 26.2
122 2.60 30 339
715 | 121 0
122 262 30 342
125 220 41 322
67.0 | 420 0
126 2.29 40 342
121 2.10 37 290
725 9.2 0
121 212 32 29.2
121 233 35 327
712 9.1 0
121 2.36 31 331
M
123 3.90 33 39.8
980 | 260 15
124 3.39 34 346
12.4 370 19 314
s 1110 | 190 0
12.4 3.80 19 315
127 2.84 17 357
739 i 130 0
12.7 366 17 36.0
12,0 410 34 436
940 i 340 16
122 378 34 402
123 465 23 384
s 1210 | 210 0
123 470 23 3838
12.4 4.40 29 417
TN 1080 | 260 1
125 410 30 38.0
12.4 270 30 351
770 | 340 0
125 2.80 29 36.4
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Table.7-1 Specification of synthetic fiber ropes

S

mm kg/m kN tf kg/m kN tf kg/m kN tf
10 0.062 20.6 210 0.077 218 222 0.050 113 1.15
12 0.091 31.0 3.16 0.111 318 3.24 0.072 157 1.60
14 0.123 414 4.22 0.152 418 4.26 0.098 211 215
16 0.156 514 5.24 0.198 52.5 5.35 0.125 26.3 2.68
18 0.205 63.4 6.47 0.250 66.8 6.81 0.161 333 340
20 0.243 784 7.99 0.309 78.2 7.97 0.196 48.0 4.08
22 0.302 95.0 9.69 0.374 95.0 9.69 0.239 485 4.95
24 0.363 107 10.9 0.445 112 114 0.284 56.7 578
26 0426 124 12.6 0.520 131 134 0.328 64.9 6.62
28 0.485 147 15.0 0.605 146 149 0.378 74.3 7.58
30 0.555 167 17.0 0.695 168 171 0.452 82.8 8.44
32 0.625 187 19.1 0.790 189 19.3 0.505 95.7 9.76
34 0.695 206 210 0.890 218 22.2 0.585 104 10.6
35 0.740 219 223 0.945 228 233 0.600 111 113
36 0.810 226 230 1.000 239 244 0.625 117 119
38 0.905 250 255 1115 267 27.2 0.720 133 136
40 0.965 276 28.1 1.235 287 29.3 0.790 146 149
42 1.060 301 30.7 1.360 316 322 0.865 158 16.1
45 1.265 338 345 1.565 364 371 0.985 178 18.1
50 1.530 427 435 1.930 441 45.0 1.225 218 22.2
55 1.855 510 52.0 2.335 522 53.2 1.500 263 26.8
60 2.240 603 615 2775 612 62.4 1.765 307 313
65 2610 692 70.6 3.260 710 724 2.070 356 36.3
70 3.020 796 812 3.785 818 834 2.425 356 422
75 3.465 906 924 4.345 935 95.3 2.755 456 46.5
80 3.950 1040.0 106 4.940 1050 107 3.145 525 535
85 4.360 1130.0 115 5.600 1180 120 3.560 589 60.1
90 4.905 1260.0 128 6.250 1300 133 4.000 656 66.9
95 5.500 1,390 142 6.950 1450 148 4.450 725 73.9
100 6.050 1,540 157 7.700 1590 162 4.900 794 81.0
105 6.670 1,640 167 8.800 1,690 172

110 7.320 1,780 182 9.700 1,800 184

115 8.000 1,940 198 10.600 1,950 199

120 8.710 2,100 214 11.500 2,120 216

125 9.455 2,270 231 12.500 2,280 233

130 10.225 2,440 249 13.500 2,460 251

135 11.025 2,620 267 14.600 2,640 269

140 11.860 2,800 286 15.700 2,820 288

145 12.720 2,990 305 16.800 3,010 307

150 13.615 3170 323 18.000 3210 327
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Table.7-2 Specification of synthetic fiber ropes

mm kg/m kN tf kg/m kN tf kg/m kN tf
10 0.049 326 3.32
12 0.067 444 453
14 0.102 66.1 6.74
16 0.135 84.8 8.65
18 0.165 103 105
20 0.218 129 132
22 0.262 152 155
24 0.301 178 18.2
26 0.349 204 20.8
28 0.408 238 243
30 0.464 272 217
32 0.523 296 30.2
34 0.599 338 345
35
36 0.666 371 37.8
38 0.753 421 429
40 0.776 513 52.3
42 0.919 919 50.6
45 1.034 639 65.2
50 1.565 637 65.00 1310 431 440 1.230 777 79.3
55 1.895 764 77.96 1585 517 52.8 1550 928 94.6
60 2.255 901 91.94 1.885 610 62.2 1.840 1,090 111
65 2.645 1050 107.14 2215 710 724 2.130 1,270 129
70 3.065 1210 123.47 2570 817 834 2520 1,450 148
75 3.520 1380 140.82 2.950 931 95.0 2910 1,650 169
80 4.005 1560 159.18 3.355 1050 107.1 3.200 190
85 4.525 1750 178.57 3.790 1180 1204 3.680 2,090 213
90 5.050 1950 198.98 4.245 1320 1347 4170 2,320 237
95 5.650 2160 220.41 4.730 1460 149.0 4.650 2,570 262
100 6.250 2380 242.86 5.250 1610 164.3 5.140 2,820 288
105 0.000
110 7.600 2850 290.82 6.350 1930 196.9
115 0.000
120 9.000 3360 342.86 7.550 3380 3449
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Table.7-3 Specification of synthetic fiber ropes

S

mm kg/m kN tf kg/m kN tf
10 0.063 26.0 2.65 0.081 285 291
12 0.095 384 392 0123 40.3 411
14 0125 50.6 516 0.164 54.0 551
16 0.155 62.6 6.39 0.219 69.7 711
18 0.208 805 821 0.274 87.2 8.89
20 0.257 98.0 9.99 0.330 107 109
22 0321 122 124 0413 127 130
24 0.354 133 136 0.496 151 154
26 0419 156 159 0.580 176 179
28 0515 191 195 0.660 202 206
30 0.580 215 219 0.750 230 235
32 0.645 236 241 0.870 260 265
34 0.745 271 27.6 0.960 292 298
35

36 0.845 305 311 1.085 326 332
38 0910 328 334 1.210 361 368
40 1.040 373 38.0 1.335 397 40.5
42 1.135 405 413 1.460 436 445
45 1.305 460 46.9 1.675 497 50.7
50 1.600 559 57.0 2.100 607 61.9
55 1.930 669 68.2 2520 728 742
60 2295 787 80.3 3.035 859 876
65 2.690 917 935 3540 1,000 102
70 3120 1,050 107 4,095 1,150 117
75 3615 1,220 124 4.695 1,310 134
80 4120 1,370 140 5335 1,480 151
85 4620 1,530 156 6.025 1,670 170
90 5.185 1,720 175 6.795 1,850 189
95 0.785 1,900 194 7610 2,060 210
100 6.395 2,110 215 8.380 2,270 231
105 7.050 2,300 235 9.200 2,450 250
110 7.750 2,520 257 10.150 2,650 270
115 8.450 2,750 280 11.100 2,940 300
120 9.200 2,970 303 12.050 3,140 320
125 10.000 3220 328 13.100 3430 350
130 10.800 3,460 353 14.150 3,730 380
135 11.650 3720 379 15.250 3920 400
140 12,550 3,990 407 16.400 4,220 430
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1969 1990 21
115

Table 8
Table 9 Table 8

Table 9

Table8

— TW65¢ *280 350+NH120¢ *150
+Br(W56¢ *35)*2

65¢ x 280
350m 120¢ x 150m
56¢ x 35m

144

Ac : Anchor chain
Br(A/B) : Bridle(Starboard/Port)
Ch: Chain

Cr : Cremona Rope

F.P. : Fish(A ) plate

H : Hawser

1kt: ( )25m

Ky : Kyolex Rope

N : Nylon Rope

NH: Nylon Hawser

Sk : Shackle

TH : Towing Hook

TW : Towing Wire Rope
Wr : Wire Rope

X 1 Unknown

AllIB : A,B Parallel
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Table 9 Example of towing operation
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Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

) Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
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Ac:Anker chain

(
Br:Bridle

Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO ?@ Eoge F.P.:Fish(A) plate o
- X -Hawser Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
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Ac:Anker chain

(
Br:Bridle

Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
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Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
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Table 9 Example of towing operation
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
5 Rope N:Nylon Rope 0 (B.H.P) m | m | m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
74. 10. 30 o= 7 {ETOTOmbIZF6 5 U 7= (R AUE O BN © % 72 1%
" ~ = — Wr50 ¢ *26+NH80 ¢ ¥300 DE . e SUEHRAET, ~ Ol A k- T A A4 @il LH0RIES 8 L
SO [ e KMO 284 |7y q0,31 | TN~ S Wr32 ¢ #15//2+Ac50 ¢ %3 10.8 | 1858 o50 | FVE | EE | 43 f 8.1 3.6 | 1.4 B L RIRE 0 EEGEIC AR EAIFE15. 2/y b e
2days BRUT, BERCPE SN 2 BAF Tl o 1z,
ﬁ?ﬁmxﬁ? 2 NRT Y 2T, ?gﬁ@l:kffl:%i;’bf:s
IR AT & C16-8m/s DIFEL W03 U % 7= AL D HAsE 4 12
75.6.10~, .. — Wrd8 ¢ ¥26+5k20 ) WALE THLE IR ) ;
- 33" 27N 0| e o BT T EPEIL RIS TGy L E CHAT TR 2 & = A%
S| g | FIS | 20,138 | 75610 [0 S0s e +H80 6 ¥200+5k20 1.9 | 1840 15000 | U | T [192.02] 16.52| 13.87 | 4.7 D R <5 % T 13000 1o (LB B L
2days *NHB0 ¢ *300+5k20+Wr56 ¢ *30 TORICHADD LS, & UTH U HRT RER s &
LTS & COREAOFRRE TH L7z,
75.11.25
. ~ - < Wrb0 ¢ 26+NHSO0 ¢ ¥300 DE R 15
52| iR NIT 997 75. 11. 27 K~ Port (W48  %26) 9.9 1970 9900 deg 77.6 | 12 5.5
3days
53| wwn | TKY 1490 7?51%24; = ~ Bt < W50 ¢ %26+NH80 ¢ *£300 10.1 | 1970 DE 54 | 9.2 | 45
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. EEXARRE O 7= O HREEE R, AR A GE, A
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BB ik L e DE . . ZEHER RS % T O R T & o 72 R @I % K & 72
51 mig | S| D99 | 7629 ) I~ HE s 5 o1 | 2210 goop | Fhx | Fhx 95051 18 492 FRREZU 5, I BRI L CRAT L7\ R
3days Br (Wr48 ¢ *13+Ch48 ¢ #X) %2 e p o
ol 76. 4. 23~ _
i A g Wr50 ¢ %26+NH80 ¢ %300 DE ) )
56 . u“f?»@ SYE 349 72&:&25 [EH%AGE ~ B Br (Ch35 6 #25~100) #2 8.3 1438 o100 | fix | fix [ 542 | 9 5.9
57 | PR o | gass |TTeaes | ke ~ A o ro2 0 X200°T90 ¢ ¥150 8.5 | 2450 | 12 DEt g | B3] a0 | 1506 | 81 | a6 | 7R otz nocemons
TR g 6days mEE ~ AR +Br (Wrd8 ¢ *X) #2 : 3000 1 deg : : : o - - =
s | PRI o | o asg |6t 08 | ki ~ dFm < NHGE200°NIIB0 ¢ %150 7.0 DE gy | PME ) 90 |6 | s | L7 | 7EF g rsbecrEenon
TR g Sinye AR 2 +Br (Wrd8 ¢ #X) %2 : 3000 X e : - : 3% : E
ARy T OfE ERREE & Lk, BRI EERD &<
76. 10. 20 MR Th T, WBOEALLFIL SmB eI TH 5
¥ 7 S e N BEIF T 572, D0 BRIORAMITER U BAx < L
59| Fue- | TKI 76,1029 EK%EJYEJ’* . v(«;x&*zzggygoowlso 5.9 | 1942 16 v 0 | 17| 26| 23 |0 Eg,f‘"—” WA — T LD SIS DI, AR R U AT
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10days BB RERTHES 2, ERITES, RPSEAN AR L
7.
76. 12. 24 X B4R BERE IS T RIIRE ST, R0 b ARSI &
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" e AR IEWr18 ¢ *15 ES U< AHROEFLO A ARIEAS DB S U7z 78 2 FRIRHTE
3days BILBIRE | IEC AT




Table 9 Example of towing operation
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
5 Rope N:Nylon Rope 0 (B.H.P) m | m | m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
- 77.3.3~ ‘;’390522% — TW65 ¢ #400+Sk85 ¢
2 e T7.3.23 |gp o +NR120 ¢ *150+Sk85 ¢ +Wr50 ¢ %60.9 | 5.0 | 5053 18 107.4 | 81. 11 9
2ldays [ +Br (ChT76 ¢ *12. 124Wr50 ¢ ¥60. 9) %2
N . N MU LA =T AL IRRAIY K& < H % BB Dk
62 | sagnam | FST | 1,580 7;' 2 go 39" 38N :Iﬂggiﬁég?ség(gsww 5.5 | 4188 24 BigE | 167 9.7 ML L, BAY DBRBREAY T RIS 0T
FPRREREE ' 22V 173 09E ~ FIE B : : W7 A a— 2 B S Ny TT I Ny ST L—
15days W65 ¢ *35 N OB N,
77.7.3~ N — Wr65 ¢ *170+NH120 ¢ %150
63 HHO 77.7.12 | APRA ;(;}]QD +Wr65 ¢ *35+Br (Sk85 ¢ *3n+Ch56 ¢ 6.7 25 54 | 225 4
10days *25) %2
-~ s o | T e LD 72 Bottom heavy, LI R Y BNE oI A
64 | RdniEs | cLp 7777' 8é 916 Bl ~IEES jBrv(J\l;SigJS(?/wsﬁMx 7.2 | 2300 DE 1 pix | rix |87.54] 15 7 | 203 fg‘i%gﬁ RODE LR TH oI, 7isddn/malt DA ¥ —#Kin >
HRARIE o e ® : 2500 : : Ebhay . |20 CI8/mY A T — AT Y & LCHEF LA ST S
8days +Wrd8 ¢ ) RO Do 0 Jr Tt R AT I DRRIRA B & 15,
W EARARIE R\ BREDSBE T C & D IUE3 A LAavie s o
77.12. 91 Too DL E T AUTAS (420006/TZEMY)  OBFAHLEE A %
oo 347 13,58 — TW65 & *420+HX ¢ ¥150 ) Full (T000HP) L1 iz 3 1UEFe5y9Knot 2L LI 72 & bk
65 MeD | 42,384 73. L7 |\76 toi r6d a5 6.2 | 5420 | 41.8 rix | A | 253 | 32 A EOBE R (Fn A b B Lo it At
18days KV O AL AR T b A0 LA IS F eI E S
< EER RAERE L 72 D,
B2 BT T 2 9E L B K 20n/s O RE £ OF
ZHVE DA U AR 2 AT AR ABEERT T & 0 2T BURTE &
720 | AHSOBEEALEIN & FRROE & 550 B URBHEE A
78.3. 30~ Bl Bz oREICE D m)\ftﬁz 113 5L 70 1ot
- — — TW52 ¢ ¥340 SULZER | . R 3 HEHS AW L7, QS B X 0 IR ORI
66 SVS | 14,064 78'014' 13 Bk~ A +NHL00 ¢ *150+Ac*50 5.9 1 1920 18 Tgg0 | FiX | geg | 190 | 246 | 13.6 FIHAER £ O RRE S 5 BRAE L 720 | R L —
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78.5. 15~ ) X
SEMI-SUB S~ <« TW65 ¢ ¥1007+Wr65 ¢ *30 FEOMFE|IKRIZIER RIS < . MK v 7 O BEHFTH#I SRS 5
67 RIG HKR | 3,618 7187'd5éy351 R~ i +Sk90 ¢ +Br (WrX ¢ *X) %2 4.2 6247 5 84 61 6 5.5 2L |5, 10n/s:18tF, 15n/s:40tf, 20m/s:70tf, 25m/s:107tf
R 78.11.26 |16° 59N : ARFE AT O 72 < SEREIX B Ch o 72, MEITH Y Ok
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4days

ot PEDLOIBREVET BAF TR BT & 7,




Table 9 Example of towing operation 8/12

Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side
g, Ch:Chain Cr:Cremona
i Rope F.P.:Fish(A) plate
X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
FEAT LR ) & SATmd v, WS, BEEEE 09
H ORBEIIAREFEIARIVUTZEI & 72 o TO B2, 49
ARGE w |73x2ax 7?'89'91};; ST VT ~ N\ — Wrd8 ¢ #26+H100 ¢ *50 a4 | 1600 - 21 s 53 )3fsﬁ—@§§f°%ﬁig5*”%5%?@’?”%?&
’ 5 e bal +180 ¢ #300+Br (Ch50 ¢ %20) %2 : : ~20: 000, FHIHIE2/ 9 MW B, H I~ ~ A LD
Sdays ARG o0 A DA F o7 LT b b b
P T LS TA = OAER D K, BB LI
B PREEEELL,
PR 4966001, RIERF ik, OFE ./ )II~TRE 4 mH20% 0
78.10. 11 - ;:2@(:&&0@\%9&« EﬁﬁmiV~:/‘/7'%:?J'W$7773§J:73§
~ I 185 ¢ *300+H100 ¢ %150 DE e e |B7RINST, OIE~ES WL TRTH - 28,
ST | 2,993 | g 10,6 | PEE ~ BB g g g 0 2 5.1 | 1670 ssoo | X [api | O | 16| B2 6T s oy s 0 T RO,
16days {’JIO SyWHRAUE Y [, JEGEE 10m/sEA B [E RS & B L S
BLITRERI30° TR Lo IR A RS B RIS B o 12,
A7 SRR - B y A, ASATERECE R, BIREIE LA SRR D %
JAKET 78.12. 24 " <« Wr64 ¢ *1000+Sk90 ¢ +F. P. +Sk90 B LM TE T, V5. 46/ b & TAICIK Lo/ &
4 | Lanverne | KLB | 23,207 |~79.1.10 LABUAN o Hr64 ¢ #36+Br (Ch78 | 5.4 | 4993 | 34.9 100 | 50 | 114 3.45 | s |eoraiiots s EimEE. WHIER L A0 . FE6. 5/ M
BARGE 18days ’ 6 *35) %2 THATTE B & B SBIICT 27 VA T 5 Al
MALAYSTA HIEFLD, EH&%E LRA LT,
80.2. 19~ — . e ﬂﬂﬁZ(&;‘)gt\ I;zllrgallastiﬁiién &%%ﬁi;zigﬁm
0.5 R RT20 ~ — Wr65 ¢ #450+5k90 ¢ DE ) . - BN A8, ALBAG TR T LT A1) o 1 itk L E); OIRAUE
mHE | YT | 8,896 | 80.2.26 o +NHLZ0 5 #150+SK90 ¢ HHE56 o %35 71| 4458 | 335 | oo | fix | Fix |139.92] 21.8 [ 119 | 4.6 U s oL I A & 1 T O o - A
8days PRI & DT T AT,
camnn | am | osor ko i | HEEAS ~ W6 6 x25+SkXI85 ¢ ¥300+skX |, | o s | ors lisos| 75 T e
RIS ’ . JERETES +H100 ¢ %150 +SkX+Wr56 ¢ %25 : : : : ATV O TREROIFHLZ 050 0 53 1 72 B b il
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- PR o e
— JAWEFLATWAS & %400 BT CRME SV, L7 =7 Y — & — K L7 =
R N B sty FEIMEADRFIE T 1 T — AT L < . £
LU B Rl R TERABEER 56 ¢ #27H2 (ANKIET L) 6.4 | 1167 85 | 22 | 48 | 2.7 ) L
: d ~ RS +HS5 ¢ *300+H100 ¢ *150 s w=1 o ¥ L
bdays AR L, REGRIE S 7= b 0 L 85, HHOLRSRITA
Br (Ch52 ¢ %25)+2 WAL RLed 0 ¥ 7 Bl LILIE T X o7z,
G013 B, M EIHLE I TR R R AL, I
430~ | s ey o w@ﬁ&wﬁm%#wﬁu#ﬁﬁwm%mmma T AL
wtenm | et | 1,027 | 80.5.4 (*%%f?%pﬂ ) oeob 0 XE0 SIS0 000K 65 | 13me f":;‘f 90 |135]| s b o CRERMDKE SHF BT ot DTN R)
Sdays By HALY ¢ o6 Pt P ol ety e
I 2 b I B K AHIEIHE L A Lo T,
80.4. 21~ pns TR ONo. 22V F—Hills, 7T v 7 bED, &ﬂn
F o T - 36" 10N DE ) I e [MIRITRS E RN EHRICHEE U702 ORI E
Tigon | VT | 26,841 a;(s).di.yz T3 208 ~ Jk — TW64 ¢ *450+HX ¢ ¥150 7.8 | 5286 | 326 | 00 | fix | g | 177 | 28 | 18.9 | 8.3 W e R 0, SBEN b CEC A mmﬁmmm
Hoiz,
80.7.21~ N . ) ) )
o VIV ETE S ~ — TWX ¢ *300+H95 ¢ ¥50 it WFFRICHEN, LS HI8~Tht & TA LT, TFHokt s
<7 aifm| CIp 450 8(1>.dz.yzl e \Br (W28 ¢ 4150049 10.1 | 3200 s | 555 9 | 395|395 i
80. 7. 26~ ' BUROR © LBl T BT Ch 5 NRE L
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Table 9 Example

of towing operation
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
80.7. 23~ , SR LT3 0 B AT M 0, A RIS E R
8 T N e et TS 600 OIS0 g | 165 98.6 [16.33 | 8.4 | .72 HOB TR AR IR T 5 = LA TR T, AOBN E b
11days = ¢ iz L,
80.9.6~ | oL f g . TW65¢*16°”65°fk90¢ . P |~79000L%M}'Mi3#!»‘”?5?@&:%%?*%1/\7‘:
2o g— -9 WL A AR~ W65 ¢ #36+Sk90 ¢ + A +Sk85 T | shaft| .. TR 7212 A % 7 E ORI B ETFEAEES . TARLL RO
83 | pptem | LUS | 104,008 %ﬁ?m Rl - B 1B (Cho4 6 %27, 5+5K85 3 5937 | 524 | anne | Spins | Fix | 208 [ 50.8 [ 242 | 10 | L e L L OO e g I
avs +Wr65 ¢ (Fix))*2 HEDIRNEIT A 1=,
WIS A RIHT BT, TIA KAF z—r 2D >
80.9. 13~ | e < TW65¢*16ﬁ“650fk92¢ G f/»agv:r 3 i%#iLTW?ﬁﬁﬁgm)‘W&Z?Fiﬁf?o
o - - ~ W65 ¢ #36+Sk90 ¢ + A +Sk85 Fmn 1 AR B PRI (13 LTV 51
Ba| Zemm | NS | 104,008 1 80926 17 e +Br (Ch64 ¢ #27. 5+5k85 ¢ 4.4 ] 5195 | 516 KREYUEBAHARIC 72 FoAfibe, SO BA R 5 7000
14days W65 ¢ (Fix))*2 (CTE BIRD B L= BB ED o 7m, ABRICBURN S
NI BRD EHAEEZ T 7o 1= O TR T > 7=,
AERRBLYE . /NFZ1TTSOCREIR, ANH1AE, IE LI1Z10 4 24 A LR
- 80.10. 14 < TW56¢*27*5;5 - iﬁ?fhi?tiﬂg{gﬁgfff“ﬁof:;‘(?%%@@ﬁhgé%éﬁ{aﬁ'at
v R 8 0. 19 497 3an NHL00 ¢ ¥150+Nh85 ¢ *300 e . U A S BT AL AR O A8 % e SR & LT
85 | Mgy | ST | 118,890 8%1L31%°4w~/kw +0. DETCH0. DE-+IT56 ¢ #550 5.5 i | 148 | 224 [ 131 ] 853 RAF L Ureas. 0.0 (RRE AT AT — 2 il 8iE T
2ldays +S75+PR100 ¢ *168+Ac*50 DI Td BT, BATRF OBAEMERID THE L, AMI3AEE
B 1 L fE O < B LT
o E3 +! . ALz, N - o
81.3.11~(26° 03N R R g by K <, RN/ I B R E B
86 MTR | 40,214 | 81.4.5 [172° 06.5E~ 2 o 248.4| 31.9 | 18.8 =40° < LTI —A 7T 5B, BAL0n/sLLEICR B Ll
+Wr71 ¢ *30+Sk (T/L200t) A
& LGB L0 0 5835, 128 B3 A 1A LI L.
26days |18 +Sk (T/L2601) +Br (Ch85 ¢ %25) 2 A B10 a3 %, WHdd D856 X PvAT
EWRA L E R, VERERN D RIEE AEERORK FITR
ARETIH o7z, BMTPIHRSERTRRICHEE LA A ~3Tn/s%
1.4, 1~ varion %w\g&mmgﬁﬁ%mé?@mfhogaﬁfnénm
o - - — TW64 ¢ #500+H120 ¢ ¥150+Wr64 ¢ DE e | & BB KL 0. 59 ) LA B o T,
87 | wustham | vsk | 65,917 | 8L.4.3 | M ~pE 30 3.4 | 5467 | 425 | poo0 | 1y | used |258.02) 4400|2314 [ 718 | [ T G B G
3days used Boto, SEIELN V-bavodE, WL D 8einE TEL L 72
5, ALkEss 245y Tk b LT EIiE A OB HBE. Th
F 0 B %
} 8. 4.22~| . — TW65 ¢ #X+Sk9O+NH120 ¢ %150 i . NIRRT D I 0 | e % — i, 10m/sBL
88 | iy | BPK | 9,735 | 81420 G“Mg@ﬁ +SK90+ChG4 ¢ #27. 5+SkO0%3 75 | 5000 | 80 | o6 [T used | 136 2286 | 12.2 | 8.8 B ED || USRI RS % d o T AN T 5420 o % D
APRBEE 8days o Wr56 ¢ #X%2 Ix S eed. RBORICEELL,
— (Tug) TW65 ¢ *666+Wr65 & *36 ML FIZ5. Smf)ﬁ S E X/7‘\3'<?:JZ 077:‘ £ VfBZK?) U\o 5’?5:@;
89 [ 57, oxa 81.6.17 | jEIE ~ CHIVO — (DAH)TWT1 & %666 6.0 87.2 | 54.22| 6.98 | 8.5 JRUEIRANC2. 8 Tl o T, TRREIBIIGIIRI & b 77 % e
v 7 V7 6 < 729 LithChaivoE TOMFRIZ100~1500mTH > 7=, ZD7=
l4days HIETL 6 304075 ¢ *30+Ch60 ¢ DACHFB N, SRS 7.~ AT LR L
*14+0AX oo MROUHIRETH 12 L5T 5,
81.7. 26~ — TW64 ¢ ¥700+Sk90
90| BARGE CHE | 7,690 | 81.8.14 | Ml ~&ik W65 ¢ #36++Sk90+Triangle 6.2 | 5293 | 43.3 152 | 30 14 | 3.4 | Clean [fiheut-up,
20days +Br (Sh85+Ch64 ¢ *27+Sh85) *2
81.8. 15~ < TW64 ¢ #520+Sk90
91 osv | 7,600 | 81.8.29 | E¥k ~ W60 ¢ #20+Sk90+ A 9.1 | 4516 | 0.4 108 | 30 7 ss | |
15days +Br (Sk90+Ch60 ¢ *21) %2
81.10.10 AENDEERBD K XV 0T, B E~OD LY 5K Th -
— TW64 ¢ #700+Wr65 ¢ #35+ A RILEUL 7S 7D 2
Car ~ e B . oo EREIEREHI0 & D 22m/sec D M\ % 5 0 72 IRFIC 1349507 41
92| rier | BHK | 13,666 | o 1 o FeE ~ +Br (ch65 ¢ #7. 5+Wr32 ¢ #X//Wra8 ¢ | 7.9 | 6042 | 39.1 fix | fix | 174 | 32 [28.65| 7.11 ol et P A gl

32days

*X) %2

> TWHIHIIE, T v a vy b KERD (k65 t),




Table 9 Example of towing operation
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side

g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
03| waam | Sk | 12,525 T o 2265;1)32%%?52%*1(3065 5.4 | 5306 | g4 | U | OV g 1 ss | a5 [11s 51| mor |AROIESS BAPKRASKELE TR LB, R
- : 81.12.22 135" 256 ~ #A|  V0¢ T (Hréo ¢ : 4| 36000 | free | e : 25m/s CHIER (XSTOPF %,
10days
— (Tug) Wr50 ¢ 400 VUR2IBRE O T Tk, HHBERME T ARRE, K&~
82. 4.2~ + (WLPESL) +TW64 ¢ %480+H120 ¢ ¥150 i BESWOD SRR, & W IHEA D 720 1~1. 5/)9 NN E B 7=, FHE
94 | flat deck | NPM | 89,498 | 82.4.4 | FIE ~ 4 LR TWr65 ¢ #35+ A +Br (Ch 64 6 %27. 5 4.3 4629 40.9 U fix | used | 290 | 43.3 | 24.7 | 12.5 ‘6'7)51 AGE RN A DR PG, (KGRI TAER] & B <R
3days 165 ¢ v *21. HRYANINGHI15" . Free jia ki Rl & 58 UL RIS
+Sk85+Wr64 ¢ *X) %2 2000~2400HP,,
§2.5. 1~ M LR T T o 7=, DI S R 2 LB L
s 2 15T 24N — W52 ¢ %25+180 ¢ 300 ) . Frh, BRI R Th o T, BEERRETH S b, b
e i}
95 | HAMBEE| D0 | 5,099 | 8259 140 4ag ~ Af] 4806 #150+Br (Nrd8 ¢ x23) %2 70| 1460 fix | RAF | 100 | 16| 8.2 | 6.6 | BEE 1y pn e nach B oBeiE 0 ISk E <. BT L T
ays DREIEIRRD LD TH-T- L Ebhs,
— HEEERRPitch23. 57 Tkt LIEE, 5H 13H A BEIC TRED
511~ iy 728 (BUET00m) . ARG R0 £ £ B0, WE30° ~
Lo~
96| , | piL | 42,252 | 82.5.19 i J”)iﬁwﬁm W gg%g;‘f?igm&oﬁ%*ligm“ 4.6 | 3233 | 125 st‘f5d fn?j 216 | 36.6 | 22 | 8.1 50° U5 7=, 5 18 B RIRIG L 0 B B OWEF2
9days ¢ 656 T (Wr65 ¢ eg fix| £t Johip 0 JUKHEIIRS. 5/ b b B, 54 - R
DIEDPRTEL,
82.7. 24~ [13° 0ON ‘ HEESPIteh0” (CCIETE, AR 20 L TR GG
97 | =v | Ko | 13,204 | 82.7.26 [140° 22.5E~ W 2265$§350+NH12°"’*150 7.1 | 5740 | 28.8 ch}@g e | 161 |24.07| 13.3 | 6.7 58, 7 E DB S 1 DA o T, AHNEEREE
3days  |GUAM 656 x ATHECIlhE S £ < . B AT o 7,
101 HEE, HEE R, M%zmwm@vﬁu U 2k
10,1~ , S, RGN e Y ) 3T AR S L
98 HIB | 7,027 | 82.10.4 | faghps ~ fugh et ABOTIIZ0 6150 8.1 | 363 6200 Bivk |118.98] 20.5 | 10.20| 7.3 To SEAKHET~T. 59 MEEEC o 1=, i LB TE
4days rodé NI 237200 & 213, BB ANE < T b BRI b
I % b0 L BbNS,
R e E, HEEREER A U, B B RGNS CIERE L
89,9, 97~ sy [FEBEH S ADKE 4, SEL
. -V o bt — TW64 ¢ %280~ 350+NH120 ¢ 150 . WO [ RS FilEns B AR ) CIEHUR (18n/s)
99 | MEMKEEL | GOR 3,951 82;110.5 AP~ fefitfr E56 ¢ X 6.6 3313 5200 fix |113.97|18.83| 13.3 | 2.55 B L. Rk D AS R ORI & ik L < Pant ing 7 2% 58 /)
9days Ve LRI, AASTICHETT 5 1SN, H RIS R
FNCBALT X 7, AROBREEIL, R D 2 < B Ao,
SR e, MG, WAL LR O A 47 A
THK, Bk D, HEK LA o Wi, AMSATL, FER
i szaLa) i . ﬁr‘uf*%o‘f:k .}ﬁiﬁi'/J\é;z\ L F-}-;;zémmm B & %
BTN ~ R TR ~ — TW56 ¢ %150+5k90 . irlc |70 D MIRIEC o 7, B~ 6n0iEHE T ORI Vaving
100 T TKS g2l wEwE TRHL25 ¢ +150+SkO0+Ir48 ¢ %25 9.6 | 2850 fix | 24.6 | 5.66 | 2.20 | L35 | iy (5080 (RAAS ) o %5 A~KfE L7z ALFI R T £ 7
4days L— MCRREERAE L, 4%, MNIRORMIZIZT A 7
L— MR S LS LB A, A TN LA B
5,
83.2. 14~ — TW56 ¢ *350-NH125 ¢ *150 SRR o e .y . -
101| MRS | SBN | 15,386 | 83.2.24 | WAKERS ~ GUAM W64 ¢ #30+ A 7.2 | 4223 DE | free {?}E 182.92| 22.4 | 14.2 o | AL TTHE. JIERAILD, JRIREREL DS IR AL
11days +Br (Ch58 ¢ *50) 2 e MR b =
83.2. 28~ . BRI e A o
s b . — TW56 ¢ *350+NH125 ¢ %150 fdi e | BRAETRE, WERR IR, BETTREZR B b, BUR A Z T A
102| st | sBN | 15,386 8132}135;50 WAKEES ~ GUAM “Hr64 430+ A +Br (CHER  ¥50) %2 6.5 | 4333 DE | free | Gri [182.92f 22.4 | 14.2 %ﬁ;ﬁ@ A b B el Ly Rt £ ¢ fop




Table 9 Example of towing operation
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(
Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side
g, Ch:Chain Cr:Cremona
NO i Rope F.P.:Fish(A) plate
) X, H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //-Parallel
S ] WS Ty TR 7 ) —, K D B E TR
84 11. 5~ 41° 13N < TW48 ¢ *¥14+H65 ¢ *¥300 ~6THALEID A0 RIECAELICIRN ED Y Y25 Ll
i b - o oy an +WAr8 ¢ *13 R 15 . CEE L, TRV THLIE, 15mLL OB TIERAIT X Ao
103 FERRERRG | SDL- | 199,190 | 84 11 19 | 14T 21 9E Bl — 22 1L o7 free | geg T, R AR kDB, B D £ iRz
9days Ei < TW48 ¢ *14+H65 ¢ *300 H&D{HT’CHM%, S IEIOEITEAICRNE DY . B4
+ A +Br (Wrd8 ¢ *13) %2 PUECIEFEMRAEIC THIME, 39 CTRILBIC A TE 72,
104| s | VIR 395 82'51'113; 20° 03N — TW56 ¢ #270+H125 ¢ %150 7.8 | 1818 e | rix | B aror| san [ as | 14 BT T, et
FRRR [Odaye |151° 03B~ Il +Br (Ch64 ¢ #X) *2 : YO e | B : : : : o RS,
105| R | cBS | 1,856 858‘52-31 IZN 59° 40N < TU56+2907H125 ¢ *150 DE | fix | sk [79.00|12.73| 7 | 1.4 BERE, ARAh L 0 R IL S, HESREA
MR ' Sodays 176 228 ~ Gl +Br (Ch65 ¢ #75) *2 ”‘ : : : e e
F. P. THRIAZAMIIC 7mX 8. 5mD KIEFLAE 1 8T 0 . Aiifaid
— TW65 ¢ #350+5h90 P TR R E N, RSO AT R E
85. 3. 26~ +NH120 ¢ *150+Sh90+Wr65 ¢ ik FOIC 2 DAL, WeriemD KWL & o7z, 243 U,
106 GLD | 8,833 | 85.3.30 | &@i5 ~ SuAO #36+Sh90 4.2 | 3656 | 29.4 fix | g [146.6 | 20.5 | 11.35 | 9.3 AHILIR R = DRHEE $ %5 3 —1 o VBB KL <
5days +Br (Ch65 ¢ #25)%2  (Stuen SIE Tofe, 20k, B F=—r OV Y DY BRT7 =T ) —4—
Loving) ANF A=V R G2 1, RAHCHBRIE LT, B
EFBIL Lol
85.9. 10~ 18" 40.5N — Wrd8 ¢ 14 (27 ha)7 £ . U PN
. . o DE . EE) e |V, HEESREE, SATEEE L TRIZOO®mOED &
107| s | HKR 50 85.9.16 (136" 46.0E~ J +NH65 ¢ *250+KH65 ¢ 100 7.2 896 930 | FIX | e [23-01] 515 [ 215 | 1.8 LI O Inders e Al e i FN o)
6days  |7Hi +Wrd8 ¢ *15
AT AR AR T L7 48 A ISR . (R UE D
5.9, 18~ |36° 25. 0N 4 /D;U\U\ E,\m, RSO & PRI 2 & 5 I
. 7 Lo — Wrd8 ¢ *14+NH65 ¢ ¥250 DE ) SIRE % 00 (R AU E I LI b O B < 72 5 72D T 3
108| AERL | MAS 60 82‘(1?‘ 22 fgﬂjfgﬁ@# +KHE5 ¢ ¥100+Wr48 ¢ *15+mast 500 | TX| e |240%] 55 [ 238 16 BAICESE, £ OBITAEE CIEILA O FC L35
ays U S WA DZT D L 5 REMMIETH > 7-0 T, «@n&r
AW B LRTE,
85.11. 3~ e B ETFOEY MARKEL 7 V=2 hoTNE, HAYIC
109 viee | wow | 107,990 | 85.11.9 *”%”J)#E B e e O 5.0 | 4616 free | free |324.01(53.01 [10.450| 8 | ALEE |0 peassrem postic om0 gICHK LV R A s
Tdays 2 réde g 7. VL A E S R0 TH & 5 ICHAT LT,
87.7. 4~ -
110| Ay | MITHRL | 499 | 87.7.12 jEj‘JﬂQL — HX*350 7.3 R s
9days ZHH
R - AARMIMITHA L, 0 AT v v b HEICALIET 5 IREUEIC
i o S vy E R — TW64 ¢ #1+H135 ¢ *#150+Wr64 ¢ A 5 = &2 25775, 3835 A OF12E T I Tl )
11w DNY | 24,681 | 87.4.1 e 35 6.4 | 4917 BT | 192.5 | 30 9.46 BHADSOERIFIE, K& RRED TR, DF
1ldays DIBREH BAFTH -T2,
80, 5. 96~ — Wrd8 ¢ #12+Ky65 ¢ %250
29 B~ +Ky65 ¢ *100+Br (Wr32 ¢ *12) %2 . _—
112 Hye | 1,986 82.;. 28 e o WodB ¢ +12+Ky65 ¢ 4100 5.2 BT 4.6 BAF | R
ay +Br (Wr32 ¢ #12) #2
KT & DRI, S L RRERT 5 A H Y
90.12.26 | o )i\?ﬁf&% B DRDAKRE L, BBV — L, 2 —
P oot T ~ — TW60 ¢ ¥500~600+Wr64 ¢ #35 ) ) TOWAR, U A Y DU, kT T R o8, HICE
u3| =M | KRB | 39,563 |~90.L16| [, Z0 T +H125 § A150+ChE4 ¢ #T. 5 5.7 | 3425 fix | A | 242 | 32.2 | 17.5 | 9.86 | msar ok e N A gt O
22days fg«*ﬁw LRTE R, ABOIATEOLH Y LTIHE
fEIZEER Tz E BbhEd,




Table 9 Example of towing operation
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Ac:Anker chain Br:Bridle
Br(A/B):Starboard side/Port side
) Ch:Chain Cr:Cremona
NO #ifc Rope F.P.:Fish(A) plate
) ES H:Hawser K:Kyorex
] Rope N:Nylon Rope ) (B.H.P) m m m F
Sk:Shackle TH:Towing (thH)
Hook Wr:Wire Rope
X:Unknown //:Parallel
90. 11. 9~ ST BRI, ARKUED 72 0HE ERIHE, B 7m, JR%E28m, &
iy N R — Wrd8 ¢ *12+Sk7”+Ky65 ¢ %250 . S, Y (O EA?) o 11A#E ERE 725 HKOY LD
TP . N N ;
114 gk | KoY 19 905-;;&;3 ~ BT +Ky65 & ¥100+Sk+Wr32 ¢ *12 4.1 EAF i 7?7 Y —F— DT, AT v T T E TR T A
L7,
v 90. 11. 21 b o — TW64 ¢ *520+H135 ¢ *159 . HHERRZT = — U DBHEA TN D, WA~ TH -7z
115 K’jgm%ﬁ SRG 4,870 |~90.12.5 butcH H;_' L +Wr65 ¢ *36+Br (Ac64 ¢ *12. 5+Wrb56 9.4 5230 62&0 C%f‘: f/ |106.94[ 18 9.9 4.78 BT M, TRTER, GBETH Y HHP Iz, 1O O #

15days

$)*2

INEI0~11k t ZfRFFTE T,
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