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Advanced WEC Control

 Goal
 What is the potential of control systems in WECs?

 Validate the extent to which control
strategies, given real world
limitations, can increase the
energy production of
WEC devices. 
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Sea states
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Control Strategies

 Baseline (Resistive)

 Model Predictive Control (MPC)

 Dynamic Programming (DP)

 Shape Based (SB) Control

 Linear Quadratic (LQ) Control

 PDC3

 Latching
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Model Predictive Control

 Optimization based control strategy
 Can be computationally expensive

 The control signal is optimal for the predicted excitation force 
for a linear system.
 Requires estimator/predictor

 If the prediction is perfect, the control algorithm provides the 
maximum energy absorption

 The control algorithm is capable including constraints 
(motion, force) in the formulation of the optimization 
problem

 Requires PTO capable of generating reactive power
 Requires energy storage
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Dynamic Programming 

7

 It can be implemented for nonlinear systems

 Optimization based control strategy
 Computationally very expensive

 The control signal is optimal for the predicted excitation force 
for a linear system.
 Requires estimator/predictor

 If the prediction is perfect, the control algorithm provides the 
maximum energy absorption

 The control algorithm is capable including constraints 
(motion, force) in the formulation of the optimization 
problem

 Requires PTO capable of generating reactive power
 Requires energy storage



Shape Based Control 

 It can be implemented for nonlinear systems

 Optimization based control strategy
 Computationally very expensive, but more efficient than DP

 The control signal is optimal for the predicted excitation force 
for a linear system.
 Requires estimator/predictor

 If the prediction is perfect, the control algorithm provides the 
maximum energy absorption

 The control algorithm is capable including constraints 
(motion, force) in the formulation of the optimization 
problem

 Requires PTO capable of generating reactive power
 Requires energy storage
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Linear Quadratic Control 

 Pure feedback control strategy
 Computationally inexpensive (matrix multiplication)

 Optimal feedback gain is obtained by offline optimization

 Linear WEC model

 LQ feedback control is well known for good properties 
(stability, robustness to parameters uncertainty,…)

 Requires PTO capable of generating reactive power
 Requires energy storage

 NOT capable of dealing with constraints
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PDC3
 Potential to demonstrate actual realization of CC control design

 Implementation will be fundamentally novel and first practical 
approximation (scheduled for next FY17)

 Wave foreknowledge is not required

 Method is computationally fast and potentially easy to 
implement

 Uses linear WEC model

 Fundamentally feedback control strategy (PD loops)

 Requires PTO capable of generating reactive power
 Requires energy storage

 Expansion of strategy to multi-DOF’s and more nonlinear cases 
is essential in order to understand how well strategy can work 
on real world systems
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Latching

 It is a switching control strategy

 It does not require model of the WEC for the calculation for 
the control signal (in its simplest form)

 It can be used also for nonlinear systems

 It may require prediction of wave elevation/excitation force 
to improve performance

 It doe not require PTO capable of generating reactive power
 Requires energy storage

 NOT capable of dealing with constraints
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Summary of results
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Summary of results
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Sample time-series
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Actuator force vs 
Excitation force



NEXT STEPS
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Wave tank testing: completed
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Wave tank testing: completed
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Next steps

 System identification:
 Dynamic model of the device from experimental data

 Re-evaluate/tune control strategies with new model

 Test control strategies in wave tank
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