Linearized Frequency-domain heave motion response analysis of an unmoored floating two-body system in Pierson-Moskowitz type spectral wave conditions
The time varying heave displacement, velocity and acceleration of the floating body can be expressed as follows
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where 
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 is the frequency of excitation. Similarly, the time varying heave displacement, velocity and acceleration of the submerged body is given 
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Forces acting on the floating body are given by

Weight:
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Hydrostatic: 
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Radiation: 
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Wave Excitation:
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Tether tension:
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Forces on Submerged body can be written as

Weight:
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Hydrostatic: 
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Radiation: 
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Wave Excitation:
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approaches to zero as the depth of submergence becomes large.
Tether tension:
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Equations of motion for the floating body and the submerged body are given by
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Substituting for 
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in equations (17) and (18), we obtain the following simultaneous equations in 
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At equilibrium, 
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Solving for 
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, we get
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Linearized Drag Coefficient
The damping term b 33S is found by an equivalent linearization process for irregular seas as given by Caughey (1963). 

b 33S represents an equivalent linearized drag coefficient equal to the sum of the viscous drag forces
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where 
= density of sea water (= 1025 Kg/m3)

CD = Form/Pressure drag for a thin flat plate (= 1.2)
A = Projected area along the heave direction

u = Standard deviation of the heave velocity of system (= 0.1 m/s)
Power dissipated in the damper 
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Average power dissipated in the damper over one wave cycle
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Substituting for v(t) and solving the definite integral, we get


[image: image44.wmf](

)

2

2

2

)

(

Im

)

(

Re

2

)

(

v

v

b

P

D

+

D

=

w

w



[image: image45.wmf](

)

2

2

)

(

2

)

(

v

abs

b

P

D

=

w

w









(27)
where 
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D

can be written in terms of wave amplitude (A) and response amplitude operators (RAOs) of the floating and the submerged bodies as follows.
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Pierson-Moskowitz Spectrum
The P-M spectral model describes a fully-developed sea determined by the wind speed parameter. A semi-empirical expression for P-M spectrum is
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[image: image50.wmf]a

and
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are non-dimensional parameters defining the spectrum.
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Alternatively, the P-M spectrum can also be expressed in terms of peak wave frequency,
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w

corresponding to wind speed U.
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The significant wave height (HS), defined as the average of the highest one third of all the waves is given by
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where
m0 is the zeroth moment of the spectrum, 
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The power dissipated in the damper due to the significant wave amplitude AS corresponding to Pierson-Moskowitz spectrum can now be expressed as
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Purpose of Analysis
Frequency domain analysis of Wave energy powered freely-floating buoy with potential wave conditions in the Monterey bay Area 

Frequency domain analysis assumes that the bodies have been oscillating under linear constraints for a sufficiently long to reached a steady state .
Linearized frequency domain analysis has been carried out to determine where the resonance frequencies of the system are and to determine why these systems don’t seem to exhibit the same peaked response that is present in other spring-mass-damper devices.
The drag force on the submerged element is linearized about a mean velocity point which corresponds to the mean vertical velocity of the water surface.

Additionally, the linearized frequency domain analysis assumes that the tether acts as a perfectly linear spring exerting a downward force on the submerged element when the two bodies move towards each other. This is different than the time domain analysis in which the tether exerts no force when it goes slack.
results

-small system shows a very mild resonance. The larger systems are heavily damped and the resonance feature becomes even less significant.
-there exists an optimum damping coefficient corresponding to maximum power take-off at the damper.

Investigate Matched damping condition
1. Introduction
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