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Simulations of Slewing Motion of a Towed Ship

by Hironori Yasukawa, Member Noritaka Hirata, Member
Nobuaki Nakamura, Yukiyoshi Matsumoto

Summary

A simulation method for the maneuvering motion of a towed ship in still water is presented. A 2D Jumped mass
method is employed for expressing the dynamics of the towing cable. The motion equations of the towed ship and the
cable are derived under the assumption that the motions are defined in the horizontal plane. Motion of a towing ship
is assumed to be given. As a calculation example, a towing barge with/without skegs is selected. The captive model
test is carried out to capture the hydrodynamic force characteristics of the barge. Using the force characteristics,
simulations are made for various towing speeds, towing cable lengths and so on. The calculated results are compared
with the model test results conducted in the towing tank. The results of the slewing motion frequency, changes
of heading angle and yaw rate in time domain agree well with the experiments. The present method is useful for

predicting the slewing motion of towed ship.
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Table 1 Principal dimensions of 1B
| | Fullscale | Model |

Ship length L(m) 60.96 1.219

Breadthr B(m) 10.67 0.213
draft d(m) 2.74 0.0548
Volume(m®) 1646.2 | 0.01317
Icb from AE(m) 29.44 0.5888

Block coeff. G 0.924 0.924
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Table 2 Resistance
derivatives on maneuvering, added mass

coefficient,  hydrodynamic

coeflicieints and course stability index

L symbol l 1B w/o skegs | 2B w/o skegs i 2B with skea

R 0.0579 0.0982 0.0988
X}, -0.0006 -0.0188 -0.1152
X5, —my -0.2601 -0.2265 -0.3266
X, 0.0726 -0.0272 -0.1311
v 0.4452 0.4027 0.3973
Y, —m] 0.0043 0.0177 0.0764
Yoo 0.2133 0.2159 0.7265
Yi o 0.3328 0.4840 0.3263
Yore 0.0 -0.4950 0.2424
Y 0.0 0.8469 -0.4167
N, 0.1122 0.1160 0.0691
A -0.0342 -0.0237 -0.0542
N oo -0.0460 -0.0458 0.0067
Nog, -0.1039 -0.0578 -0.2486
Norr 0.0 -0.2099 20.0360
N, 0.0 0.0982 0.0000
m, 0.0145 0.0301 0.0391
m!, 0.1948 0.2180 0.2180
7 0.0116 0.0124 0.0124

c 0.145 -0.251 -0.079

Fig. 2 Body plan of 1B
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Fig. 3 Skeg arrangement
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Fig. 6 Comparison of time histories of heading
angle, yaw rate and cable tension for 1B
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Fig. 8 Comparison of slewing frequency, maximum heading angle and maximum yaw rate
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Fig. 9 Comparison of time histories of slewing
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