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Mathematical Model for the Manoeuvring
Ship Motion in Shallow Water

By Yasuo YOSHIMURA (Member)

Manoeuvring behaviour significantly changes according to the water depth. It is
indispecsable for the examination of the safety in harvour navigation to clarify the
characteristics of ship motion in shallow water. v

After the full-scale trial of Esso Osaka, many kinds of model tests have been
performed in deep or shallow water, where the characteristics of hydrodynamic
forces acting on hull or rudder have been observed. However, these hydrodynamic
data are not sufficient for the prediction of the manoeuvring motion in shallow
water, and more theoretical approaches as well as experimental data have been desir-
ed.

In this report, the predicting techniques are investigated based on the well
known MMG’s mathematical model. Through the present study, the following con-
clusions are obtained.’

1) MMG’s mathematical model is also avaijlable for the prediction of the manoeu-

vring motion in shallow water. .

2) Predicted ship motions fairly agree with the observed motions in each water
depth.

3) Sinkage and trim in shallow water can be easily predicted by the following
simple forms proposed by Tuck 8) and presented here respectively.
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Table 1 Principal particulars of
the ship model-

Lee (m)  3.0000 Ax/Ld 1/39.83
B (m) - 0.5367 4 1.177
d (m) 0.1367 . D, 0.095
ze (m) —0.0422 7 0.794
Cb 0.547 P/D;

0.775
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Table 2 Hydrodynamic coefficients of
mathematical quel

h/d 18.3 1.5 1.2
m +mb 0.205 . 0.232 0.301
m’ +m, 0.331 0.413 0.544
Toat o2 0.0211 0.0262 0.0293
Xo ~0.0194 -0.0271  —0.0279
Xsp —0.0368 0.0460 0.3178
Xgr—m)y -0.140 —0.493 —0.663
X 0.0125 —0.0069 0.0038
Xspps 0.469 0.7.8 0.574
Xsppr 0.11 2.49 8.41
Y5 0.263 0.993 2.314
Y 0.0381 - 0.0934 0.2089
Y o8 1.55 5.03 1.70
Y opr ~0.655 1.71 7.88
Y%, 0.738 1.992 3.042
Yo —0.0566 —0.1246  —0.1542
N3 0.0977 0.2043 0.4620
N: —0.0505 —0.0689 —0.1286
Nisgp 0.173 0.308 0.914
Ngr -0.627 —1.874 0.003
Njrr 0.0954 0.0686  —0.0880
Nirr —0.0353 —0.1495 —0.1469
Ap. —0.49 -0.49 —0.49
Iz .. —0.811 —0.740 -0.917
1-wpo (by) 0.640 0.720 0.865
(62) 0. —0.525 —1.940
(b3) 0. 0. 0.
1-t 0.838 0.755 0.671
1-tz 0.792 0.738 0.776
Crs 0. 0. 0.
ay (1) 0.283 0.398 0.900

(e2) 0.263 0.824 0.

(c3) 0. 0. 0.
T —0.467 —-0.341 -0.322
€ 1.170 1.390 1.557
K 0.513 0.366 0.386

Kr=0.3304-0.2299 /~0.1617 J*
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Fig. 8 Shallow water effects on linear hydrodynamic derivatives
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Fig. 11 Comparison of steady turning characteristics, observed and simulated
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Fig. 12 Comparison of 35° turning trajectory and ship motion, observed and simulated
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