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Non-Linear Features in Large Amplitude Ship Motions (1st Report)
-Non-Linear Ship Motions in Heavy Beam Seas-
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Summary

In this study, large amplitude rolling motion of a ship without bilge keels in heavy regular beam
seas is experimentally investigated, and a new non-linear feature of lateral ship motions in high

waves is revealed.

The experiments show that, in high beam waves, large amplitude rolling motion occurs not only in
the frequency region of the roll resonance but also in the frequency region higher than the resonance
frequency, and that jump phenomena of roll amplitudes appears near the heave natural frequency.
These behaviors obtained by the experiments are investigated, and the reasons of these non-linear
features are clarified as follows; the former is caused by changing encounter frequencies by large
drifting velocity in high waves to make the roll-resonance region wide. The latter is caused by
different drifting velocities for the same regular wave near at the heave natural frequency.

A non-linear feature of heaving motion is also experimentally confirmed near heave natural

frequency.
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Table 1 Principal particulars of the model.

Items Model
Scale 1/40
Lipp (m) 1.550
B @m 0.315
dm (m 0.120
GM (m) 0.030
KG 0.121
Lcc @m 0.047(aft)
Co 0.575

Fig. 1 Body plan of the model.
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Fig. 2 Roll natural period of the model by a free decay

test in calm water.
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Fig. 3 Heave natural period of the model by a free
decay test in calm water.
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Fig. 4 Measured roll amplitudes in beam seas.
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Fig. 5 Different roll motions appearing in beam seas

at the same wave condition.
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Fig. 6 Non-linear feature of roll amplitudes with

wave height in beam seas in w./w 4 =1.28.

Fig. 9 Phase angles of heaving motion from rolling

motion in beam seas.
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Fig. 10 GZ-curve of the model.
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Fig. 11 Relation between wave frequency and

encounter frequency in beam seas.
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Fig. 12 Re-plotting of measured roll amplitudes with

measured encounter frequency.
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Fig. 13 Calculated drifting velocity from measured

encounter frequency.
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Fig. 14 Re-plotting of measured heave amplitudes

with encounter frequency.
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Fig. 15 Relation between drifting velocity and heave

natural frequency.
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