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Abstract

This paper is related with one of safety plans to rescue a damaged-ship whether
by collision, grounding or internal accident. We discuss the problem on course
stability of damaged-ship while towed under severe wind pressure. The
characteristic equation to assess the stability on course, is derived from sway and
vaw coupled motion of towing and towed vessels with wind effect. Through the
numerical calculation on course stability of towing and towed vessels system, the
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relationship between the course stability of a towed damaged-ship and wind

direction or towrope length,
damage conditions.
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is clarified with the parameters of weather and
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Table 1 Principal dimensions of tow
and towed vessels

Items Tug Towed
boat Ship

Hull

Length overall Loa (m) || 303 175.0

Length bet. perpen. L (m)| 260 167.0

Breath B (m) 83 226

Depth D (m) 37 134

Mean draft d (m) 26 8.0

Block coefficient Cp 06 0.76
Rudder

Height Hp (m) | 138 5.69

Area ratio Agp/Ld 0020 | 0.0154

(1/49.7) | (1/64.85)

Aspect ratio A 14 157
Propeller

Diameter D (m) || 110 4.60

Pitch ratio P/D 0.86 0.77
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Fig. 3 Profile and hold arrangement of
towed ship{numerical value is
expressed in model size, L=3m)

Table 2 Loading condition of towed
ship before damage

Full load | Ballast
Draft
fore df (m)| 750 371
aft da (m)]| 850 | 44l
Permeability
volume pu 05 0.95
surface Y 0.5 0.97

Table 3 Definition of damage numbers of

towed ship
Damage No. Damaged hold
-1 #6 port
1 #6 star.
2 #5
3 #4
4 #3
5 #2
6 #1
7 #6 port & star.
8 #6 port & #5
9 #6 star. & #5
10 #H & #4
11 #4 & #3
12 #3 & #2
13 # & #1
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(a) Beaufort No.1 (V, = 0.95 m/sec),
full load condition
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(b) Beaufort No.3 (V, = 4.45 m/sec).
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(c) Beaufort No.5 (V, = 9.40 m/sec).
full load condition
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(d) Beaufort No.7 (V, = 15.55 m/sec).

full load condition
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(e) Beaufort No.9 (V.. = 22.65 m/sec),
full load condition
Fig. 5 Course stability of towed ship as

function of towrope length and
wind direction(full load condition)



FgEseA 04 FA &A%

+ . voa
.00 {  Damagelo.2
A Damage Ro. §
v Damage No. 10
STABLE " Damage Nos. 4,8 and 12 are
00 — unstabie in all area.

FITTIITTLITILITIL S e eseceveevsccsceeedid
UNSTABLE

I T T T T T 1
] © 0 k] 0 Y,

(a) Beaufort No.1 (V. =0.95m/sec),
ballast condition

0.00

Intact
. PN +
4 ! ‘1 Lol Damage No. 2
o _| . ‘5 i [/  DamegeNod
sTABLE $ E W  DamageNo. 10
J i Damage Nos. 4, § and 12 are
f \\ unstable in ol ares
i —“\___/ \\\4
0
v T T T T T "=

R Yw

(b) Beaufort No.3 (V, = 4.45 m/sec).
ballast condition

(c) Beaufort No.5 (V, = 9.40m/sec).
~ ballast condition
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(d) Beaufort No.7 (V, = 15.55 m/sec).
ballast condition
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(e) Beaufort No.9 (V, = 22.65 m/sec).

ballast condition
Fig. 6 Course stability of towed ship as

function of towrope length and
wind direction(ballast condition)
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Table 4 Inherent course stability lever of
towed ship according to damage

condition
Full load Ballast
Intact 0.165 0.091
Damage No. 2 0.295 0.222
' 4 0.062 -0.110
6 -0.040 -0.268
8 0.439 0.403
10 0.315 0.247
12 -0.222 -1.659
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