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A bstract

The author discusses the problem on course stability of towed ship
under severe wind pressure. The characteristic equation to assess the
stability on course, is derived from sway and yaw coupled motions of
towing and towed vessels with wind effect. Through the numerical
calculation on course stability of towing and towed vessels system, the
relationship between the course stability of a towed ship and wind direction
or towrope length, is clarified with the parameter of wind speed in terms of
Beaufort number. Two types of towed vessel, such as a bulk carrier and a
passenger liner, are applied and examined. The major results are as
follows. The course stability of towed vessel under wind pressure depends
on the inherent course stability of the vessel herself. The towed vessel will
be much unstable for the range from beam to quarter wind in relatively
high wind speed. The length of towrope has also great infulence upon the
stability. Long towrope will be able to stabilize for all range of wind
direction in relatively low wind speed or for the head wind in relatively high
wind speed.



Nomenclature

ag Distance from midship to towing point
ay Ratio of lateral force induced on hull by rudder to rudder normal force

Ag/Ld Area ratio of rudder

AL Lateral projected area of ship

AR Projected area of rudder

Ag Lateral projected area of superstructure
A Transverse projected area of ship

B Moulded breadth of ship

C Rudder chord length

Cy Block coefficient

C: Coefficient of rudder force

Cu Yawing wind moment coefficient

Cq T otal resistance coefficient

Cy Fore and aft wind force coefficient
Cy Lateral wind force coefficient

D Diameter of propeller

d Draft of ship

fq Distance from midship to towed point
Fn Rudder nomal force



Autopilot constant

Height of Rudder

Moment of inertia about z axis
Added moment of inertia about z axis
Autopilot constant

Length of towrope

Course stability lever

Length overall of ship

Length between perpendiculars

Number of distant groups of masts of kingposts seen in lateral projection
Mass of a ship

Added mass in x direction

Added mass in y direction

Number of propeller revolution per second

Yaw moment

Linear derivative of hydrodynamic yaw moment with respect to sway
angle

Yaw moment induced by hull
Yaw moment induced by rudder
Linear derivative of hydrodynamic yaw moment with respect to yaw rate

Yaw moment induced by towrope



Yaw moment due to wind

Resistance of ship
Yaw rate

Time derivative of r

Length of perimeter of lateral projection of vessel, excluding waterline and

slender bodies such as masts and ventilators

Propeller slip ratio

Wetted surface area of a hull

Tension force of towrope

Longitudinal component of ship speed V
Time derivative of u

Sway velocity of a ship

Time derivative of v

Ship's resultant speed

Absolute wind speed

Relative wind speed

Surge force

Longitudinal force due to wind
Longitudinal force induced by hull
Longitudinal force acting on hull induced by propeller

Longitudinal force acting on hull induced by rudder



Longitudinal force induced by a towlrope
Sway force

Linear derivative of lateral hydrodynamic force with respect to sway angle
Lateral force induced by hull

Lateral force induced by rudder

Linear derivative of lateral hydrodynamic force with respect to yaw rate
Lateral force induced by towrope

Lateral force due to wind



Greek

aR

Oa

dn
b

Effective inflow velocity to rudder
Drift angle

Flow staraightening effect coefficient
Rudder angle

D/Hg

Aspect ratio of rudder(A = Hg/C)
Density of sea water

Density of air
Heading angle
Angle of relative wind off bow

Angle of absolute wind direction
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Fig. 2 Projected plans of tug boat
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Fig. 3 Projected plans of bulk carrier
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Fig. 4 Projected plans of passenger liner
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Table 1 Principal dimensions of tow and towed vessels

i Passenger
[tems Tug boat Bulk carrier _
liner
Hull
Length overall L oa 303 175.0 1335
Length bet. perpen. L (m) 26.0 167.0 118
Breath B (m) 8.3 226 199
Mean draft d (m) 2.6 8.0 50
fore df (m) 7.50 50
aft da (m) 8.50 50
Block coefficient Cs 0.6 0.76 055
Rudder
. 0.020 0.0154 0.0296
Area ratio Agr/Ld
(V49.7) (1/64.85) (1 33.75)
Aspect ratio A 14 157 15
Propeller
Diameter D (m) 1.10 4.60 354
Pitch ratio P/D (m?) 0.86 0.77 0.93
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Fig. 5 Wind force and moment coefficients estimated
by Isherwood's empirical equations(tug boat)
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Fig. 6 Wind force and moment coefficients estimated
by Isherwood's empirical equations(bulk carrier)
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Fig. 7 Wind force and moment coefficients estimated
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Table 2. WMO code 1100

Beaufort

U: (m/sec)

© 0O N o 0o M W N R

P PR
N O O

0.95
250
445
6.75
9.40
12.35
1555
19.00
22.65
26.50
30.60
34.85

T able 3 Inherent course stability lever of towed vessels

Bulk carrier

Passenger liner

Course stability lever

0.165

-0.017
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Fig. 8(a) Course stability of towed vessel(bulk carrier) as function of
towrope length and wind direction
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Fig. 8(b) continued
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Fig. 8(c) continued
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Fig. 8(f) continued
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