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ABSTRACT 

The dynamic behaviour of floating structures is studied in this work. These types of structures are normally simplified into spring-mass- damper systems where 

frequency dependent mass and damping are used to model the hydrodynamics. A method based on using digital filters to simulate the time response is tested in 

this work. The problem to identify added mass and added damping coefficients from measurement data is also examined. This is done by using the simulation 

model to generate time data. The predicted added mass and added damping can then be compared with the true coefficients and the identification method can be 

evaluated. Finally, an experimental system is studied and compared with simulation results. 
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1.Introduction 

The hydrodynamic behaviour is essential to consider when designing structures in a sea environment. An increased knowledge within this field can 

help engineers to, for example, improve the stability of ships or optimize the performance of wave energy devices. 

So far, diverse methods have been applied to the motions of floating bodies. They may be classified into three types: analytical methods [1-2], numerical 

methods [3], and experimental methods [4]. 

A set of theoretical added mass and added damping coefficients for a floating circular cylinder in finite-depth water has been investigate by Yeung [5]. 

Mciver and Linton [6] obtained numerical results for the added mass of the bodies heaving at low frequency in water of finite depth. E. V. Ermanyuk 

[7] used impulse response functions for evaluation of added mass and added damping coefficient of a circular cylinder oscillating in linearly 

stratified fluid. Experimental investigation of added mass effects on a Francis turbine runner in still water by C.G. Rodriguez [4]. 

A simplified theoretical model of a floating structure will be developed in this report. Then a methodology for solving the time response using digital 

filters will be shown. The simulation model will then be used to calculate the time response in various situations. In the time domain, a convolution 

integral is conventionally used to represent the fluid dynamic radiation force, characterised by added mass and added damping in the frequency 

domain. Thus, the simulation of these devices in time domain proves to be a very useful tool for both design of these device and predict theirs 

behaviour. 

The goal is to better understand the dynamic behaviour and identify suitable measurement techniques for this type of problems. With the aim of estimate 

hydrodynamic parameters from real measurement data it is crucial to have reliable and accurate measurement and analysis techniques. It is therefore 

suitable to first test the performance of these methods on simulated data where the disturbance from contaminating noise can be controlled. In order to 

verify the modelling, simulation, identification methods presented, an experimental test in an aquarium will be performed as well. 

 

Simplified modelling of wave-buoy   interaction 

One of the goals of this work is to find a method to predict the buoy motion.  For this, a simulation model is needed. A theoretical model is illustrated in 

the following sections. 

 

1.1 Overview of Modelling 

 

Linear water wave theory is a widely used technique for determining how a wave gets diffracted by a fixed or floating structure. The linear 

water wave theory assumes that the fluid layer has a uniform mean depth, and that the fluid flow is inviscid, incompressible and 
irrotational. The underlying assumption of the theory is that the amplitudes of any wave or body motion are small. 

Based on the linear theory, the motion of a floating buoy can be subdivided into a diffraction problem and a radiation problem. The 
diffraction problem concerns the force acting on a fixed buoy caused by incident wave. From the solution to the diffraction problem we 

can identify the external forces acting on the structure from the incident wave. These forces depend on the geometry of the structure, the 

water depth, boundaries and the oscillation frequency. For the radiation problem we study the waves generated by the oscillating structure. 
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These waves will create reaction forces on the structure which are also depending on the geometry, water depth, boundaries and 

oscillation frequency. The reaction forces from generated waves are generally interpreted as added mass or inertia and added damping. 

In order to predict the motion of a floating body subjected to ocean waves, it is necessary to know the wave force coefficients 

(diffraction problem) and the added mass coefficients and the added damping coefficients (radiation problem). All of these hydrodynamic 
parameters are frequency dependent. It is also necessary to know the mass of the structure and the buoyancy stiffness. All of these are 

summarized in Figure 2.1 where the two frequency dependent transfer functions are used to model the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. System response of a floating buoy subjected to ocean wave. 

1.2 Geometry of Hydrodynamic Structures 

The geometry of hydrodynamic structures can be idealized, for simplicity, to circular cylinders or rectangular floating bodies. It is 
then possible to find the hydrodynamic parameters from either analytical or numerical methods. In the following simulations we will 

assume that the structure is a vertical circular cylinder, as shown in Figure 1.2, in an infinite fluid domain with constant water depth. 

The added mass and added damping for heave mode of this type of geometry can be found in [8]. An example of added mass 
and added damping is shown in Figure 1.3, magnitude and phase of the wave force is also shown in Figure 1.4, for r=0.5 meter, draft 

Ls=1.88·r meter and water depth =15·r meter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. A buoy with total height L, draft Ls, and three degrees of freedom (heave, surge, pitch). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. Added mass and added damping for the heave mode of a floating vertical cylinder with r=0.5, draft 1.88·r and water 

depth 15·r. 
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Figure 1.4. Magnitude and phase of wave force for the heave mode of a floating vertical cylinder with r=0.5, draft 1.88·r and water 

depth 15·r. 

 2.3 Single-Degree-of-Freedom Model 

        
 The motion of a rigid body is characterized by six components corresponding to six degrees of freedoms. Assuming an appropriate 

coordinate system; surge, sway, and heave are translational motions in the x-, y-, and z-directions respectively. Roll, pitch, and yaw are 

corresponding to the rotational motions about x, y and z axes respectively. In this report, only heave mode is studied. The heave motion of 
the floating cylinder in an infinite fluid domain with constant water depth can be modelled as a single- degree-of-freedom system (SDOF) as 

shown in Figure 1.5. 

 

 

 

 

 

 

 

 

 

 

Figure 1.5. MB is the mass of the structure. MA is the added mass. KB is the buoyancy Stiffness. CB is the viscous damping. CA is the added 

damping. F is the wave force. ZB is the heave motion. 

In equilibrium, the following forces acts on the cylinder during heave motion: 

 Hydrostatic force: This is due to the buoyancy stiffness. A restoring force is created which tries to return the buoy to the 

equilibrium position. Hence, the term buoyancy stiffness is used.  

 Excitation Force: Excitation force due to incident waves. 

 Radiation Force (fR): A reaction force from generated waves that the buoy produces. 

 Inertia Force: A reaction force due to cylinders mass, MB. 

 Viscous Force: Damping force due to the viscous damping, CB. 

 

3.  Conclusion 

The dynamic behaviour of a floating buoy has been simplified to a SDOF- system and transfer functions for the system have been derived. 

Added mass is the imaginary part of the radiation impedance divide by angular frequency and the added damping is the real part of radiation impedance
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