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Abstract © The estimation of non-linear ship motion is one of the most Important issues in recent studies of ship stability. In this paper,
bispectral analysis and bicoherence analysis were introduced in order to analyze the non-linear ship motion. In addition to the previously
observed non-linear pitching motion in ©llowing seas, this study observed the non-linear phase coupling of pitching motion in ©llowing
& quartering seas, and starboard beam seas. By comparing phase coupling between each frequency quantitatively via the bicoherence
analysis, 1t was confirmed that non-linear phase coupling was much stronger in frequency regions other than the peak frequencies of a
power spectrum. Furthermore, it was found out that the results of bicoherence calculation were analagous to each other, although the
difierent normalization methods were applied.
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Fig. 1 Symmetry regions of bispectrum
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Fig. 2 Power spectrum and magnitude bispectrum of a
sequence described in Eq.13
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Chiba®] Sunosaki cape ¢ a3} Aute] &+-4-8 veld
o,
Table 1 Principal particulars of T.S. Shioji-maru

Length (P.P.) 46.00(m)
Breadth (Mp) 10.00(m)
Depth (Mip) 6.10(m)
Draught (Myp) 2.65(m)
Displacement 659.4(t)
Ch 0.55

Fig. 3 The training ship Shioji-maru
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Fig. 4 The experimental area at the south of Sunosaki
cape and the ship trajectory
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Table 2 Time span of each run

Run Tim(es)s pan Run Time span (s)
A 135 - 735 D 2,095 - 3,195
B 1,035 - 1,635 E 3,795 - 4,395
C 1,935 - 2,235 F 4,695 - 5,295

oo WAGY Agel wat A4

Table 3 Ship course and the sea conditions

Ship Ship Wind Wind

Run course speed direction | speed
(deg) (knot) (deg) (m/s)
A 180 8.3 257 10.4
B 0 10.4 260 115
C 240 7.3 265 11.5
D 120 9.9 258 11.8
E 60 10.7 267 115
F 0 10.5 267 114

Fig. 5 Data acquisition system
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Fig. 6 Time series of pitching and rolling motion



Table 4 Skewness of both pitching and rolling

Rolling
-0.1199
-0.00002

Pitching
0.1237
-0.1631

Run D
Run E
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