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ABSTRACT

In order to reduce the longitudinal vibration of the pipe string in mining manganese nodules from deep-sea floors, the
previous investigation of the shape-effects of various buffers attached to the string clarified that the resonance vibration
amplitude of the buffer, whose shape caused a larger drag force, was reduced further, and that the buffers with disks nor
mal to their axes were more effective for that purpose than the buffers without disks. In this study, the effects ofthe diame
ter ratio of the disk to buffer and of the number of disks attached to the buffer, namely the interval between disks, on the
vibration of the pipe string, were studied to find the optimum buffer shape from the viewpoint of reducing the vibration.
The result indicates that a buffer with larger diameter ratio is more effective in reducing the vibration as long as the ratio is
less than the aspect ratio, which is the ratio of the length of the buffer to its diameter. Furthermore, it is found that the opti
mum value exists for the number of disks, namely the interval between disks, if the diameter ratio and Kc (Keulegan
Carpenter number) are given.

INTRODUCTION

For mining manganese nodules from the deep-sea floor, a pipe
string is needed to connect the mining ship on the sea surface with

the collector on the sea floor. Furthermore, in the pump-lift sys
tem as shown in Fig. I, the string must be equipped with the
pump modules and buffer. The pipe string in this system is apt to
vibrate longitudinally, laterally and torsionally due to the ship
motions. Hence, these vibrations of the string must be controlled
for the safe operation of the above-mentioned mining system.
Among the vibrations, the longitudinal vibration itself has been
found to be most destructive as far as the strength of the pipe
string is concerned (Chung et aI., 1981; Aso et aI., 1991a) and fur

ther, according to the recent studies by Chung et al. (1994a,
1994b), the longitudinal vibration of the pipe string is amplified
by the coupled bending and torsional vibrations. Therefore, it
must be controlled as much as possible by various means.

Up to the present, Aso et al. (1991a, 1993) have studied the
shape-effect of the buffer on the longitudinal vibration of the pipe
string, identifying that the buffer whose shape causes a higher
drag force reduces the vibration more. They (1992, 1994a, 1995)
have also found the effect of the passive control by a vibration
absorber with a linear or nonlinear spring on the vibration, indi

cating that the absorber could reduce the resonance amplitude of
the pipe string by about half as compared with that of the string

without any vibration absorbers. Furthermore, they (1994b) sug
gested the semi-active control system by changing the stiffness of
the absorber's spring in accordance with the excitation frequency
of the ship's heave motion, clarifying that it could further reduce

the vibration of the pipe string. Cheng et al. (1995) indicated that
flexible joints on the pipe string can reduce the axial vibration and
stress as well as bending ones.
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In this study, the buffers with disks were extensively studied to
find the optimum shape for reducing longitudinal vibration. Thus,
the effects of the diameter ratio of the disk to buffer and of the

number of disks, namely the interval between disks, on the vibra

tion of the pipe string were experimentally studied. Furthermore,
the tip effect of the disk attached to the buffer was examined.

Finally, the conditions for the optimum shape of buffer in various
cases were clarified.

EXPERIMENTAL PROCEDURE

As regards the instrumentation for the experimental studies on
the proposed problem, a small-scale experiment was considered
rather than a prototype, which was extremely difficult to perform,
mainly because of economic reasons. However, the results
obtained by the small-scale experiment must be based on a nondi
mensional quantity, in order to be applicable to the prototype
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Fig. 1 Mining system in deep sea


