As part of an on-going, DARPA sponsored, effort at MBARI to develop and test wave-energy extraction devices, a numerical simulation tool has been created that allows one to simulate the behavior of proposed wave-energy devices.  The inputs to the numerical model are the physical characteristics of the proposed device (size, form and how it operates) and the environmental conditions (wave and wind conditions).  The outputs are a time-step prediction of the device motions in response to the wave forcing.  The usual manner in which the model is used is to specify a proposed wave energy device (i.e. a surface buoy connected to a submerged element by a power take-off device) and simulate short periods of time in various sea conditions.  This procedure allows one to learn how the device will behave and what characteristics are important to maximize energy harvesting across the range of expected sea conditions where the device will be deployed.  In this way parametric studies of a wide range of device characteristics can be explored at modest expense.  
Development of this tool began in 2009 and since then a number of full-scale at-sea validation tests have been performed that verify the usefulness and accuracy of the tool.  It is now routinely applied to address engineering trade-offs in wave-energy extraction device designs.  The design of the software is such that the tool is extendable to a variety wave-energy device configuration, but has been mostly used for non-moored devices to date.
The numerical simulation tool consists of a time-domain solution of the equations of motion for more than one rigid body that are connected together in a user specified manner.  The user may specify not only the characteristics of the rigid elements of the system (size, weight, shape, etc), but the connections between them.  For instance, if a floating surface expression is connected to a submerged element by a power take-off device, the size and shape of the buoy and submerged part must be specified, as well as the force versus speed and elongation characteristics of the power take-off device.  There are no limits on the complexity of this force specification and as such a wide variety of power take-off device characteristics as well as algorithms to maximize the power generated by the whole system in various sea states can be explored.  This type of modeling is powerful because the wave-energy extraction capabilities of the entire system can be analyzed in a manner that couples the efficiency curves of the power take-off device with the system dynamics.  Additionally, the behavior of devices attached to the system for propulsion can be examined and predictions of forward speed can be made, although this capability has not been validated at this point.
The software is a nonlinear analysis tool in that nonlinear force versus speed and position relations can be included.  The model includes a complete wave-hydrodynamic interaction model which for practical reasons is included in a linearized manner.  This is a very standard approach that is well established as a reasonable assumption in most cases, the software tool WAMIT is used to analyze the wave-body interaction hydrodynamics and that results of that analysis are subsequently included in the numerical simulation.  
The validation tests mentioned above have demonstrated the effectiveness of the prediction techniques used at the scales the model has been applied.  Figures xxx shows a comparison between measured and modeled buoy heave velocity from an at-sea test in early 2011 that included a power take-off device below a surface expression.  The sea state was quite calm on this day, the top two panes show the measured and modeled buoy heave velocity in blue and green respectively, the second pane is a zoomed in version of the first pane.  Because the input to the model is a statistical representation of the sea-state on the test day, there is no expectation that the time histories will line up exactly, but rather that the statistics of the time signal are similar.  To help with this comparison, the bottom pane shows the measured and modeled heave velocity in the frequency domain.  Because the numerical model includes a complete description of the systems motion in time, any quantity that can be physically measured can be compared in this manner.  The test systems are heavily instrumented and this plot shows a comparison of just one quantity but in general good agreement has been found between measured and modeled results. 
