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On the Motions of an Ocean Car Ferry
(Part I) Model Tests in Oblique Waves and Theoretical Calculations

By
Akihiro OGAWA, Koji NONAKA,
Masahiko MORI and Toshihiko SARUTA

Summary

Large car ferry boats of a long distance service around Japanese adjacent seas are
rapidly increasing in number, and because of their special ship forms, their performances
are needed to be investigated for the purpose of keeping their safety operations.

The paper presents a free running model test result in regular oblique waves at the
Mitaka No. 1 Ship Model Experiment Basin in comparison with the calculated result by
strip methods, and a towed free roll test at the Mitaka No. 2 Ship Model Experiment
Basin for obtaining the roll damping coefficients, with a 5m model of *‘Shiretoko-maru’
(in service between Tokyoc and Tomakomai, about 1,000 km).

In the free running test, pitch, roll, yaw, yaw rate, rudder angle and bow accelerations
(vertical, transverse and longitudinal) were measured. Theoretical calculations on the
above motions and accelerations (except longitudinal one) were carried out by strip me-
thods separately with pitch and heave, and with roll, yaw and sway, to compare with
the experiments. The agreement between experiments and calculations were proved to
be good on the whole.

In some special wave conditions in the experiments, when the encouter period was
nearly half of the natural period of roll, unstable roll occurred. During the unsta-
ble roll of large amplitude, irregular bow accelerations were observed. From the analy-
sis of the acceleration, it seemed that a big wave impulsive force was given to the hull
in the vicinity of bow.

On pitch and roll amplitudes, the nonlinearity to wave heights were found to be

small.,
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Table 1 Principal dimensions

Model shi; - Actual Shlp‘!
Length b.p. L 5.0000m 142.00m o
Breadth (moulded) Buwp .8028m 22.80m
Breadth (designed W.L.) Bwi .7746m 22.00m
Depth (moulded) Do 800m
Draft (designed) d Mo .2007m 5.70m

Tested condition:

Draft d | .2110m 5.99 m
Displacement A ' 434.3kg (437.3kg) 10,200t
Block coefficient Cs .531
Prismatic coefficient C, . 622

) Water plane coefficient Cw . 800
Midship coefficient Cyx .842
L.C.B (after ‘midship) Icb 3.831%

Metacenter above keel KM .4151m
Metacentric height GM .052m

-Longi. radius of gyration Ky /L .247 .

Trans. radius of gyration Kxx /Buuo —_— (-4114)
Natural roll period Tr 2.70sec | (2.61sec)
Propelier:

' Diameter 135. 56mm 3,850 mm
Pitch ratio 10 (Fixed) 1.0 (\E;i;tiﬂe)
Expanded area ratio .57 -57
Boss ratio L3198 -319
Rake 0 0
Pitch angle range 50° T
Number of blades 4 4
Direction of turn Outward Outward

Rudder:
Number 2 2
Area ratio (incl. horn) 1/29 1/29

Remark: Values in () are these of towed condition which are

different from those of free running model.
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Phase (to pitch)
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Fig. 10 Unstable roll in head wave (note

sprash at port bow and propeller race)
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Fig. 11 A record of irregular acceleration in unstable rolling
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Fig. 17 Model set for free roll test in towed
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