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3. Prediction of the Oscillation Amplitude of a Bottom-hinged,
Vertical Bouyant Cylinder in Sea Waves

Yoshimi Gopa¥*,
Yasumasga Suzurr®,
Kazuyoshi Hacrisugat

Synopsis

The #ids to navigation form a category of maritime structuves with long history of construction and
endurance in severe environmental conditions. There have been two types of structures: that is, the fixed
type represented by a light house, and the floating type represented by a light buoy. Now a new type of
semi~floating structure for navigation aids is under development. It is made of a vertical, bouyant ecircular
eylinder, which is connected to an anchor with a universal joint, In this report, its response to sea waves
are studied by the theoretical analysis, by hydravlic model tests at the laboratory, and by field tests in
the sea.

The analysis is made for the oscillation of the cylinder in regular waves as well as in uni~dizectional
irregular waves. The equation of motion involves not only the forces calculated from the Iinear potential
theory but also the nonlinear damping forces which are supposed to he proportional to the square of rela-
tive velocity between the surface of the cylinder and the surrounding water. Two methods are used to solve
the nonlinear equation of motion; the one is the approximate linearlization of the nonlinear terms and the
other is a numerical simulation to calculate the displacement at each time step, For the analysis of the
oscillation in irregular waves, however, only the latter method is used.

The study has yielded the following conclusions: )

1} The oscillation of the cylinder in regular and irregular waves is calculated quite accurately by the
theory which takes into account both the Yinear forces and nonlinear damping terms.

2) The caleclated amplitude of the cylinder oscillation generally iIncreases as the estimated value of
drag coeflicient is decreased.

3} The characteristics of the cylinder oscillation in irregular waves differ from those in regular waves.

4) The numerical simulation is found very useful to solve the equation of motion involving nonlinear
terms.

The present analysis wiil be easily extended to a single point mooring system with a single vertical
cylinder.

* Director, Marine Hydrodynamics Division
**  Senior Research Engineer, Marine Hydrodynamics Division
#*# Member, Wave Laboratory, Marine Hydrodynamics Division
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