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Abstract. Ocean wave excitation contributes to the emergence of noise in the 

communication system that is applied to the ocean. This paper delivers the 

preliminary design of the smart buoy with noise reduction capability provided by 

the attached dynamic vibration absorber (DVA) automation system. Hydrostatic 

stability and hydrodynamic characteristic of the designed buoy structure are two 

main objectives in this study by generating numerical calculations using ANSYS 

AQWA in the irregular wave condition and variations in mooring line types. 

Finding result shows that the designed buoy structure is in stable equilibrium with 

a metacentric height of 0.456 m and has the highest amplitude response of 0.4 Hz 

for 6 DoF (Degrees of Freedom) of the buoy motion. The four-lines catenary 

mooring has delivered a good performance in the hydrodynamic time response 

analysis compared to the single-taut and single-line catenary moorings by 

producing the smallest buoy displacement with a maximum surge of 3.354 m, 

sway 0.287 m, heave 1.874 m, roll 22.818o, pitch 24.427o, and yaw 54.542o, and 

smallest cable tension with a maximum value of 32.175 kN. This study can be 

used to develop a DVA automation system and be extended by experimental 

validation. 

Keywords: Buoy design, Hydrostatic stability, Hydrodynamic characteristic,  

Waves excitation, Mooring lines. 

1 INTRODUCTION 

Telecommunication and navigation systems development currently keeps growing 

and expanding, not only for its receiving and transmitting signal technology but also in 

terms of the geographic aspect of its application. Ocean, as the most area of the earth’s 

surface approximately 70% [1], has been observed for some applications that use 

telecommunication systems in their operation, such as tsunami early warning systems 

[2], ocean environment observation [3,4], ship navigation [5], and communication 

transmitter at the middle of the sea [6]. The system should be maintained its position to 

keep above the water surface and not sweep away by the ocean waves on a floating 

structure that widely uses a moored buoy. It was used in the Indonesian sea for 

navigation, research of water contamination by PLUTO [7], and a tsunami early 

warning system by Ina-TEWS that use a GPS system [8]. Data acquisition on offshore  
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operations is habitually held in a real-time condition [9], making system reliability and 
accuracy an essential consideration. With the floating condition, the attitude keeps 
changing as long as the ocean waves appear. It can generate noise in the data acquisition 
process by an applied sensor and makes lower accuracy data [10, 11]. Research by 
Schone et al. [8] show the water level measurement result on GITEWS has found a lot 
of noise that cannot be solved. Wang et al. [12] also found data bias in the acquisition 
process in high-frequency ocean waves. In the radio transponder application, noise can 
make ground-based radar receives shifted frequency [13]. Therefore, designing a buoy 
structure for a communication system that can reduce noise due to ocean waves, 
particularly in the Indonesian Sea is important. This research is working on the design 
and hydrodynamic analysis of the moored buoy with a dynamic vibration absorber 
system for communication noise reducer applications with a numerical approach to 
defining hydrodynamic characteristics in random wave conditions using the 
commercial software ANSYS AQWA. This software is generally used by many 
researchers in the hydrodynamic analysis of floating structures for wave energy 
converters (WEC) [14, 15], wind turbines [16, 17], and breakwaters [18, 19]. This 
approach obviously can reduce research costs compared to the experimental method to 
obtain the optimum design and has advantages to be applied in the various 
environmental condition, easy for geometry and configuration adjustment, and more 
efficient in the time spent. This research selects two types of mooring methods for 
analysis with different types of cable materials. The determination of buoy geometry 
parameters also will be discussed in this research using analytical calculation. 

2 DESIGN DESCRIPTION 

Buoy geometry was designed as illustrated in Fig. 1, which consists of five sections, 
such as the floater, frame, top plate, dynamic vibration absorber (DVA) system, and 
tower. The shape of some sections was built similarly to the existing buoy, and the prior 
novel of this design in the DVA system. This system can absorb buoy displacement 
caused by ocean waves subjected to the electronic component box where the 
communication sensor will be installed and be expected to reduce the noise. This 
study’s scope is limited to determining geometry parameters, simulation of the mooring 
buoy, and analysis of its hydrodynamic characteristics to ascertain design stabilization 
when applied to the ocean in the 3 types of mooring systems that are shown in Fig. 2. 
Single-taut mooring has linear stiffness characteristic that usually used on the shallow 
water [20]. The single-line catenary mooring consists of two materials, chain and wire 
rope, with higher durability and lower maintenance cost. The four-lines catenary 
mooring has similar material to the single-line type with four positions of moored and 
anchor which is more safety for operation. It has been determined that the ocean depth 
in this study will be operated at 50 m depth and working on the irregular wave which 
has 2 m of specific wave height. 
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Fig. 1. Construction of Buoy with DVA System. 

 

 
Fig. 2. Mooring Type: Taut (Left), Single-line Catenary (Middle), Four-lines Catenary (Right). 

3 MATHEMATICAL MODEL 

The mooring buoy is simulated by using the numerical BEM (boundary element 
method) in the commercial software ANSYS Aqwa. To analyze the hydrodynamic 
characteristic of the buoy, some mathematical models are used to obtain some geometry 
parameters and as a basis of the BEM in this simulation. 

3.1 Geometry Parameters 

The center of gravity is an essential parameter for the stability analysis of a floating 
structure that corresponds to the center of buoyancy. Analytically, it can be calculated 
by using (1), which corresponds to the average of component weights multiplied by 
their distances from a reference point. 
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  (1) 
Terms CoG is center of gravity position at three axes (x, y, z) in m, Wi is weight of 

each component in N,ri is center of gravity of each component in m, and Wtot is the total 
weight of structural system in N. Afterward, mass moment of inertia of the buoy system 
can be defined by following (2) below : 

  (2) 
Terms I is mass moment of inertia in kg.m2 and rcm is center of mass position in m. 

To simplify calculation and simulation, it can be expressed in each axis that follows 
(3). 

  (3) 
In hydrostatic stability, one of the criteria for a free-floating body is the metacentric 

height, . A stable equilibrium is defined by a value of  > 0 , neutral when  = 
0 and unstable equilibrium if < 0 .Longitudinal and transverse metacentric heights 
are defined as (4). 

  (4) 
Terms  L and  T are longitudinal are longitudinal and transverse metacentric 

height in m,  is water volume displacement in m3, I XX and IYY are respectively the 
second moments of the cut water-plane area about the center of buoyancy at x and y 
axis in m4 which are defined as (5). 

  (5) 
Where A is cut water-plane area in m2 and xb , yb are center of buoyancy position in 

m. Some iterations should be done in determining structural geometry shape and 
dimension until the system attains stability in hydrostatic equilibrium. 

3.2 Ocean Wave Spectrum 

Practically, the most common ocean environment has random wave conditions 
instead of regular waves. The linear theory is used to express the sea waves as the 
accumulation of numerous wave components as in (6). 

  (6) 

  (7) 
Terms ζ is the wave elevation in m, Nd and Nm are respectively the number of wave 

directions and the number of wave components along each wave direction χm , α jm  is 
the phase angle of wave component jm , ajm is the wave amplitude in m, ωjm  is the wave 
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frequency in rad/s, k jm is the wave number, and Sm (ω ) is wave spectrum for the m -th 
sub-directional waves [21]. JONSWAP spectrum is used in this study by reason of the 
imbalance of energy flow in the wave system can be considered. Its spectral ordinate at 

a frequency ( ω ) is defined in (8). 

  (8) 

  (9) 

  (10) 

  (11) 
Terms ω p is peak frequency in rad/s, γ is peak enhancement factor, α is constant 

that relates to the wind speed and the peak frequency of wave spectrum, g is 
gravitational acceleration in m/s2, and Hs is specific wave height in m. Thus, to generate 
the irregular ocean waves specific wave height, peak frequency, and peak enhancement 
factor must be defined in order to resemble the actual ocean environment condition. 

3.3 Numerical Simulation 

One of the floating structural characteristics is the response of the body to regular 
waves or widely called response amplitude operators (RAOs) that are proportional to 
wave amplitude. AQWA can numerically calculate this characteristic by using (12). 

  (12) 

  (13) 

  (14) 

Terms  x j  is position at j -th wave direction ( j = 1, 6 ), Ms is structural mass matrix, 

Ma = [ Ajk] is hydrodynamic added mass matrix, C = [Bjk ] is hydrodynamic damping 

matrix, ρ is water density, S0 is mean_wetted surface body, ϕrk is radiation wave 
potential by k -th unit amplitude body rigid motion, Fj is total force at j -th wave 
direction, and K hys is hydrostatic stiffness matrix. To obtain the structure’s displacement 
within a certain time, hydrodynamic time response in AQWA can be employed with 
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numerical calculation by using global equation of motion that follows (15). 

 MA = Ft (15) 

Terms M is the assembled structural and added mass matrix, A is the unknown 
acceleration vector, and Ft is the total applied force that can be written as (16): 

  (16) 

Terms F (t ) is total external force matrix, c is damping matrix including the linear 
radiation damping effects, K is total stiffness matrix, and h is acceleration impulse 
function matrix which is defined in (17). 

  (17) 

With B (ω ) is the hydrodynamic damping matrix that is defined in (14). The 

structural phase (position, velocity, and acceleration) at time t can be obtained from 
acceleration in (15) by using the iteration process and stage predictor. Once the floating 
structure moves at the six degrees of motion, both taut and catenary moorings will hold 
the structure position with their own capability. For taut mooring, the cable type is 
assumed bears tension without compression with the mooring line tension ( T ) is 
defined by (18). 

  (18) 
Terms k is mooring line stiffness, L0 is initial unstretched length, and L is stretched 

length of the mooring line. The catenary mooring contains more than two different 
materials with the mooring line’s acting force illustrated in Fig. 3. 

 
Fig. 3. Force Diagram of Catenary Mooring. 

 
With zero slopes at the contact/attachment point on the sea bed, these equations can 

be written as (19)-(22). 
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  (19) 

  (20) 

  (21) 

  (22) 

Terms EA is the stiffness per unit length, w is the submerged weight per unit length, 
L is the unstretched length from origin to the attachment point ( X 2 , Z2 ) , T is the 
tension of mooring line, V is the force in the vertical axis, and H is the force in the 
horizontal axis. For the left-hand end ( X1, Z1 ) , corresponding equations are expressed 
in (23)-(27). 

  (23) 

  (24) 

 H1 = H 2 (25) 

 V1 = V2 - wS (26) 

  (27) 

Some parameters should be determined for the cable mooring specification, such as 
length, stiffness, weight per length, and cross-section area. Indubitably, attachment 
point and anchor position must be convenient with the cable length and water depth. 

4 RESULTS AND DISCUSSIONS 

The buoy geometry has been developed by using Solidworks with some iterations 
of shape and dimension. The selected geometry parameters are shown in Table 1. There 
is also the hydrostatic stability result within Table 1 as the preliminary analysis of the 
buoy structure. Both metacentric heights in the positive range with a longitudinal height 
is 0.456 m and a transverse height is 0.456 m. It can be concluded that the buoy structure 
is in a stable equilibrium. This is strengthened by the position of center of gravity, which 
is straight vertically to the center of buoyancy. 
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Table 1. Geometry and Hydrostatic Parameters of Buoy Structure. 

 

Mesh independence test has been performed within the simulation as the preliminary 
validation of the numerical calculation by comparing the wave force exciting the buoy 
structure subjected to the mesh configuration at two buoy motion directions, such as 
heave and roll. Both motions were selected due to the most critical motion directions 
in the development of the DVA automation system. Since the buoy geometry is 
symmetrically in the vertical plane, the roll motion can represent the pitch motion. The 
mesh independence test result is shown in Fig. 4 and detailed mesh configurations with 
its residual value are tabulated in Table 2. It can be seen from the heave force that all 
mesh configurations have a similar trend with a maximum error of 0.254% at the 
biggest mesh size (configuration F). Thus, the analysis continued to the roll moment, 
which was quietly visible for the difference between each configuration. Starting from 
configuration D, with a defeaturing tolerance of 0.04 mm, it has an error value of 
0.811%, which is below 2%. Hence, otherwise specified, configuration D is chosen for 
the simulation to make the simulation task work efficiently. 

  

414             M. L. Ramadiansyah et al.



 

 
Fig. 4. Mesh Independence Test Result. 

Table 2. Mesh Configuration. 

 

As stated in the previous section, the simulation is held in the irregular wave 
condition for the hydrodynamic analysis. It has been performed successfully within the 
simulation domain, mooring parameters, and wave parameters which are tabulated in 
Table 3. Wave parameters are determined from the average ocean wave condition in 
Indonesia with the long-crested waves approach. The wave was developed in the 180o 
direction as illustrated in Fig. 5. Due to the symmetrical shape of the buoy structure in 
the vertical plane, there is no significant contribution from the variation of wave 
directions. Finding result, RAOs of the buoy structure as shown in Fig. 6 for all six 
buoy motions, shows that the highest amplitude ratio value mostly appeared in the 
frequency 0.4 Hz. Heave motion has shown a different trend with the stable ratio value 
of 1 at the range of frequency 0 - 0.5 Hz. It means that the buoy structure still remains 
on a similar draught corresponding to the sea water level until wave frequency 0.5 Hz. 
Analysis continued to irregular wave excitation in the 300 s time response subject to 
three mooring types, such as single-taut, single-line catenary, and four-lines catenary 
moorings with the buoy displacement result shown in Fig. 7. 
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Fig. 5. Wave Direction on Catenary 4-lines Mooring Simulation. 

Table 3. Simulation Parameters 

 

The majority of translational motions (surge, sway, and heave) and rotational 
motions (roll, pitch, yaw) show that four-lines catenary configuration has the smallest 
displacement besides the heave motion. This is coherent result since the buoy was held 
by four attachments with the fairly tight cable length. It has maximum displacement of 
surge 3.354 m, sway 0.287 m, heave 1.874 m, roll 22.818o, pitch 24.427o, and yaw 
54.542o. In the heave motion, the smallest displacement of buoy has been achieved on 
the single-line catenary mooring, which has a maximum heave displacement of 1.637 
m (slightly difference to the four-lines mooring). 

Hydrodynamic analysis also considers the cable tension performance of related 
mooring types. Following that, cable tension of three mooring types were obtained 
within the simulation and the result was depicted in Fig. 8. The highest cable tension is 
achieved by single-taut mooring with maximum tension of 166.713 kN, while the 
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smallest tension appears in the four-lines catenary mooring with a maximum cable 
tension 32.175 kN. Hereafter, the hydrodynamic analysis result can accomplish 
mooring type selection for the buoy system. 

 
Fig. 6. RAOs of Buoy Structure. 

 
Fig. 7. Buoy Displacement at Six Motions. 
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Fig. 8. Cable Tension of Mooring Lines. 

5 CONCLUSION AND RECOMMENDATION 

Preliminary design of smart buoy with dynamic vibration absorber system has been 
employed by considering the hydrostatic stability and hydrodynamic characteristic 
analysis. The lattermost design has demonstrated stable equilibrium in the hydrostatic 
stability with the metacentric height of 0.456 m. By considering response amplitude 
operator, displacement of six motions, and cable tension of mooring lines, 
hydrodynamic characteristic has been evaluated in the irregular wave condition 
following JONSWAP spectrum with three mooring types, such as single- taut, single-
line catenary, and four-lines catenary moorings by using ANSYS AQWA. Findings 
show that the buoy structure produces a high amplitude ratio of 0.4 Hz, and four-lines 
catenary mooring delivered a good performance. The maximum buoy displacement for 
this configuration as follows: surge 3.354 m, sway 0.287 m, heave 1.874 m, roll 
22.818o, pitch 24.427o, and yaw 54.542o along 300 s response. It takes a maximum 
cable tension of 32.175 kN, which is below its maximum specification and less than 
another mooring configuration. 

By examining the result, four-lines catenary mooring type is the most suggested 
configuration to be applied in the floating structure, particularly for the buoy system. 
Some consideration must be evaluated for the application, such as production, 
installation, and maintenance cost of mooring line. Furthermore, this study can be 
followed by dynamic vibration absorber (DVA) automation system development as the 
main feature of the communication noise reducer buoy, and an experimental method 
can be performed to conform to the final buoy design. 
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