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Theoretical Analysisfor Nonlinear Beam Sea Roll Using Heteroclinic Orbit

B4, MERER, EEERT, MRE—
Atsuo MAK I, Naoya UMEDA", Tetsushi UETA™ and Eiichi KOBAYASH |
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Abstract
In the research field of ship stability, nonlinear phenomena appeared in beam sea roll motion are requested to be
analyzed for assessing ship safety against capsizing. For this purpose, Melnikov's method is one of powerful tools.
So far, we analyzed a simplified capsizing equation with cubic term in restring moment and obtained a new
formula to predict possible capsizing using the analytically obtained non-Hamiltonian heteroclinic orbit. In this
paper, we conducted numerical studies for validating these proposed analytica method and then additional
formulae for finding saddle-node bifurcation appeared in the capsizing equation are also illustrated based on
Yagasaki’'s work.
(Received March 25, 2010)
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Fig.l Comparison of parameter o obtained by
using analytical method and numerical method with a
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Fig.2 Comparison of phase trgjectories obtained by
using analytical method and numerical method with a
of 0.9and S of 0.1.
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Fig.3 Comparison of critical forcing versus o with a
of 0.95and g of 0.1.
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Fig4 An Example of fractal metamorphoses of

basin boundary with a of 0.975, # of 0.1, w of 0.8 and
y of 0.07, which is slightly above the critical forcing..
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Fig5 Comparison of saddle-node bifurcation set
obtained by using harmonic balance method and 2nd
order averaging method obtained by Yagasaki.
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Fig.7 Comparison of saddle-node bifurcation set
obtained by using harmonic balance method and
sub-harmonic Melnikov method obtained by Yagasaki.
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Fig.8 Anintegral route for positive €.





