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Prototype and Testing – Optimization

Wave Energy Converter Optimization
Gain Scheduling Approaches

In previous deployments the damping present in the wave-energy conversion system was set at a fixed value that corresponded to the maximum efficiency point of the power take-off (PTO) system (mechanical-to-electrical efficiency).  In turn, the PTO system was designed to have its maximum efficiency at a damping value that resulted in a maximum power conversion for the system across a wide range of sea conditions.  In the deployments it was observed that in the calmest sea states the piston motions became very small and the power conversion of the system suffered.  Manually reducing the damping value (which is controlled electrically) during the deployment increased the piston motion and also the power converted.  It wasn’t possible to experiment with this parameter rigorously due to the need for the human to adjust things as the sea conditions changed.  As the damping value is reduced, the efficiency of the PTO is also reduced so the additional energy captured by the system must be more than this loss in efficiency to make it worth making this adjustment.  In fact, the relationship between piston motion, sea state, and power converted is complicated and relatively unknown.  All that can be said for sure is that that power conversion approaches zero for both a small damping value and a large damping value, the optimum is somewhere in-between.  

Other options exist and ideally the damping value would be adjusted to maximize the power converted which is also easily measured and averaged by the system.  Unfortunately this would involve a searching algorithm that would perturb the damping value, measure any increase or decrease in power converted, adjust again, etc.  It is not clear that this is possible in this type of system due to the fact that such a system works best in the case of long term steady-state conditions.  In the ocean the waves are always changing and the time required to average out short term variations in the sea state, the iterations required to find an optimum damping value, and the rate at which the sea state changes with time may not be such that sufficient time at any given sea state exists to find an optimum.
Damping Adjustment based on Piston Motion

The control scheme implemented here is a gain scheduling algorithm that aims to reduce the damping in calm conditions and increase the damping in rougher conditions.  The standard deviation of piston motions is used as a measure of how energetic the sea is and the damping value is adjusted to keep this measure close to a target value. Because of practical bounds on the damping (it can’t be less than zero for instance and it can’t be too large without creating very large forces in the system)  the effect of this scheme is to reduce the damping in calm conditions and return it to the previously computed optimum value in larger waves.  At an update period of 5 minutes, the algorithm computes the standard deviation of the piston elongation over the most recent period and adjusts the damping “scale” factor according to a purely integrative control law.  The algorithm has two parameters that are adjustable during the deployment.
Parameters

· Target Standard Deviation (sigma_target):  Default = 4 in.

· Integral Gain (K_i):  Default = 0.8 [1/(in-sec)]

Algorithm
Every 5 minutes:

· Compute error in sigma: err = sigma(e)-sigma_target

· Reset the standard deviation computation.

· Save current scale factor as LastScaleFactor

· Compute new scale factor = LastScaleFactor+K_i*err.  Use a default scale factor of 0.8 as a starting point for the first 5 minute period.
Every 10Hz sample
· Use “scale” factor and “fudge” factor to determine the target current based on the measured rectified voltage (V/I table lookup).  Every 5 minutes the scale factor will change, use 0.8 as the default scale factor the first time through.

· Compute the standard deviation of the piston distance (sigma(e))  for the current 5 minute period.
Wave-by-Wave Approaches
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