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The static equilibrium configuration of the cable is determined by using the 
followings assumptions:
   a) The hydrodynamic flor is stationary, with a know profile 
   b) We neglect the tangencial component of the hydrodynamic force. 
   c) The weight of the water displaced by the buoy is constant.

2. MAtErIALS
A surface buoy Galicia model was selected. This buoy has a depth of 2.20 me-
ters and a reserve buoyancy of 140 kg. It is constructed of polyethylene and 
its underwater part can be approximated to a cone. On the buoy was installed 
brand GPS JAVAD with ability to record positions with differential corrections. 
Anchoring current profiler allows to study variations in the speed with depth. 
Stranded to the fiber rope, were installed three pressure sensors that recorded 
the vertical displacements. The cable geometry resulting from this computa-
tion is then compared against known displacements.
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Abstract - This paper presents the study of a surface buoy that is anchored to the 
bottom with an elastic line. The buoy incorporates GPS sensor that record the move-
ment. We investigate the downstream excursión of the buoy inmersed in a current 
which vary with depth. A numerical model has been developed to support the pre-
diction of the equilibrium configuration in an offshore operation condition. The in-
stallation of a current meter yielded information on the vertical variation of current 
velocities.
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1. INtrODUCtION
The great majority of the oceanographic surface buoy systems have only one 
anchoring point. Cost efficiency and easy of implantation result from their 
simple configuration. The size, shape and material of the buoy vary with the 
requeriments and the depth where it is instaled. The scope of the mooring line 
was large. A small scope present the disadvantages of high dynamic loading 
due to wave action and high static tension under strong current conditions. The 
high stress are reduced when the scope of the mooring line is increased. How-
ever, the motion of the flota and the sensor are large. 
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Abstract
Buoys and floats provide the buoyancy necessary to adequately support the an-
choring lines and the system instrumentation and ancillary equipament. This paper 
introduces laboratory results and experimental measurements in order to predict 
the behaviour of mooring system with a sunfish-shaped buoy. The model is vali-
dated by analyzing the vertical displacement and angle of inclination of a moor-
ing with a current profiler. A second current meter, with the same characteristics, is 
placed on the seabed. Errors due to inclination of the instrument is obtained by the 
difference in measures.
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1. INtrODUCtION
Oceanographic moorings are componed of instruments, cables or ropes and 
buoyancy elements. The inclination of oceanographic mooring lines due to cur-
rent drags causes errors in time series observations of oceanographic variables 
such as currents, salinity or temperature. Mooring design require studing the  
minimum buoyancy to keep the mooring line straight in the vertical. The degree 
of inclination of the mooring line is critical in the error of the measurements 
of the instruments. When mooring lines reach very high inclinations, some 
measuring instruments begin to measure wrongly or measures are subject to 
large vertical variations which may create uncertainty in the measurement. In 
the case of the current meters, which need a compass to determine the cur-

rent direction, this angle limits the validity of the measure. Typically, the buoy-
ancy elements are spherical or cylindrical shapes. Buoys and floats provide the 
buoyancy necessary to adequately support the anchoring lines and the system 
instrumentation and ancillary equipament. The size, shape, and material of the 
buoy vary with the mooring requirements and the implantation depth.

2. ExPErIMENtAL MEtHOD
When a buoy is in a viscous fluid it experiences a gravity force, W, a buoyant 
force, B, and a resistance force, FD. The gravity force is constant and acts in the 
downward direction, the buoyant force is also constant and acts in the upward 
direction, the resistance force, however acts against the direction of motion and 
is an increasing function of the speed of the object. The drag force, FD, consists 
of friction and pressure forces as a result of tangential and normal stresses act-
ing on the surface of the elements.. The resultant force is obtained by integrat-
ing the shear and pressure stresses over the area of the element and is called the 
resistance force. This force has two components called drag in the direction of 
flow and lift in the direction normal to the flow (Randall,1997). The drag force is 
primarily form drag and can be expressed as,

              (1)

where FD is the drag force, Cd is a dimensionless drag coefficient, ρ mass density 
of the fluid, A is the frontal area of the body exposed to the flow and V rela-
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tive velocity. The drag coefficient is a characteristic dimensionless number for 
a body, depending on the Reynolds number Re and the direction of the cur-
rent with respect to the body. Drag coefficient curves for spheres and flan plates 
are often described in reports of fluid mechanics (Lamb, 1932; Hoerner, 1965;  
Pierson et al, 1960). When a body heavier than water is left free to sink, it first 
accelerates under the action of gravity. As its speed increases, its immersed re-
sistence, Fd, increases. Sooner or later the external forces on the body are equal, 
and the body sinks with a constant terminal velocity. The balance of the forces 
at the time is

                      (2)

where W is the weight of the body and B is the buoyancy of the body. The ter-
minal velocity is

      (4)

when the drag coefficient for the particular body shape is highly sensitive to Re 
number, then the problem must be solved by trial and error. The terminal ve-
locity is first assumed, the corresponding Re number and coefficient Cd found, 
and a first computation of the terminal velocity made with this value of Cd. If 
mooring line is inclined from vertical due to horizontal currents forcing, the pro-
cedure proposed in this paper is equivalent to that described above where the 
balance of forces over the buoy is

                      (5)  
      

where T is the tension of the cable and  is the inclination of oceanographic 
mooring line. AN is the frontal area of the buoy.The float is fixed to the bottom as 
shown in Figure 1. A short piece of wire of small section, inelastic and negligible 
mass is used. The cable bending stiffness and the torsion stiffness are neglected. 
When equilibrium is reached, we can obtain Cd as

               
      (6)

The drag force is assumed to act through the centroid of the projected area, AN 
(Randall, 1997). For cables the normal and tangencial forces are commonly as-
sumed to be proporcional to the square of normal and tangencial velocity com-
ponents respectively, with corresponding drag coefficients CDN  and CDT taken 
constant and indepent of the angle to flor direction (Finke and Sielder, 1985). 
In this case drag forces are componed of normal and tangencial components. 
As a simplifying assumption, the procedure does not calculate lift for the ele-
ments in the mooring.The experiment is performed in a tidal channel with little 
depth and width. An ADCP current meter is installed on the bottom records the 
flow velocity, V, during the experiment. The pitch sensor that incorporates the 
current meter records the angle of inclination. The analytical study of mooring 
systems behaviour is done by Mooring Design and Dynamics (MDD) software. 
MDD is a set of Matlab® routines that can be used to assist in the design and 
configuration of single point or single anchor moorings and the evaluation of 
mooring tension and shape under the influence of current (Dewey, 2007).  

3. tHE tEStED MOOrINg COMPONENtS
As a flotation was selected special buoy, designed by Innova Oceanografía Lito-
ral S.L ,with  the shape of sunfish to reduce the drag force. For this body the 
smallest drag is obtained when the long axis is parallel to the flow direction and 
the blunter end is heading upstream (Fig 2). The mooring line is completed with 
a short rope and a heavy anchor.

Figure 1. Forces acting on a buoy

Figure 2. SSBO buoy


