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Introduction
•

One of the most challenging problems in the development of wave energy converters (WECs) is their optimisation to maximise power extracted from ocean waves.

•

It is possible to adjust the resistance of a WEC to movement caused by the action of waves, tuning the resonant frequency of the device to match the dominant frequency of
the incoming waves. Such an adaptive tuning strategy requires high performance control of damping in the power take-off (PTO) to realise the benefits of optimisation.

•

This research employs a non-linear simulation of a hydraulic PTO with proportional-integral-plus (PIP) control, an extension of PI control with additional filters introduced when
the process is greater than first order (Young et al, 1987). The effect of the hydraulic piston driving the PTO represents disturbance acting upon the system. In order to
minimise the impact of the piston, feed-forward controllers, with both linear and non-linear filters acting upon the disturbance signal, have been evaluated.
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Power take-off simulation

Feed-forward PIP control

•

Research has been based upon a model of a hydraulic PTO circuit driven by a
piston attached to the body of a WEC moving in heave (Bacelli et al, 2008).

•

Two linear transfer functions, the system model and the disturbance model, have
been identified from open-loop experiments on the PTO simulation.

•

The damping force in the PTO and the torque supplied by the generator are
regarded as the controlled output and control input variables respectively. The
piston driving the circuit represents disturbance acting upon the system.

•

A feedback PIP controller has been derived from the system model.

•

The cancellation filter, obtained algebraically from the system and disturbance
models, is introduced to minimise the impact of the disturbance (Ogata, 1970).
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•

Results show the linear feed-forward controller yields improved disturbance
rejection over a standard feedback controller; however, the non-linear
approach offers almost complete rejection of the disturbance.

•

Future work will utilise real sea state data and integrate the PTO simulation in
a model of a WEC incorporating hydrodynamic and optimisation modules.
Controllers will be evaluated based upon power output from this model.
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This ‘state-dependency’ may incorporated in a non-linear cancellation filter
acting upon the disturbance.

Conclusions and further work
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Further analysis of the simulation reveals a non-linear relationship between
piston velocity and PTO damping force; illustrated in the graphs to the left. The
correlation between the gain of the system and the magnitude of the step
change in velocity is shown in the graph on the right.
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Results
•

The graphs below show the response to a step change in the set point for
damping force. A random sinusoidal signal represents piston disturbance.

•

The left-hand graphs show the response of a linear feed-forward PIP controller.

•

The response of a PIP controller employing a non-linear cancellation filter is
illustrated on the right.
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