Feed-forward Control of a Power Take-Off
Simulation for Wave Energy Conversion
P Cross, C J Taylor and G A Aggidis
Work Stream 7: Advanced control of devices and network integration

Introduction

Feed-forward control

One of the greatest challenges in the development of wave
energy converters (WECs) relates to their optimisation in order to
maximise power capture. To achieve this, the resonant frequency
of the WEC should be ‘tuned’ to match the dominant frequency of
the incoming wave spectrum. Such an adaptive tuning strategy
will require fast and accurate ‘low-level’ control of the power takeoff (PTO) device actuators.

MISO controllers employ an additional input filter to eliminate the
effect of a disturbance signal. Several methods of obtaining this
feed-forward filter have been investigated, including an extended
non-minimal state-space model. However, the most favourable
results have been obtained by deriving an analytical filter using
block diagram algebra to cancel exactly the disturbance signal.

PTO simulation
The research described here is based upon a simulation of a
hydraulic PTO [1], illustrated below. The damping force has an
influence on both energy capture and motion of the WEC and is
considered the controlled variable. The torque applied to the
motor by a generator acts as the control input and the piston
driving the PTO is considered disturbance acting on the system.

Many non-linear systems, such as the PTO simulation, can be
approximated by a linear transfer function (TF) model. TF models
may be obtained using a statistical linearisation and reduction
approach [2]. These form the basis of a non-minimal state-space
model and hence a Proportional Integral Plus (PIP) controller [3].

Multiple-input PIP controllers
In their simplest form, PIP controllers cannot account for the
interconnected system variables present in the PTO simulation
and are unable to reject fully the disturbance caused by the
piston. For this reason, several multiple-input single-output
(MISO) controllers (illustrated below) have been investigated.
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Results
The graphs below compare the standard PIP controller (dark
blue) and the feed-forward controller derived from cancellation
(black), as applied to the simulation. The effect of an oscillating
piston has been represented by a disturbance signal, based upon
a composite of sine waves (light blue), and the command input
has been arbitrarily chosen as a sequence of steps (red). It can
be seen that the feed-forward controller yields improved
disturbance rejection in comparison to the standard controller.

Further work
The next stage of the research is to consider these control
strategies as applied to a combined PTO and hydrodynamic
model, with a range of realistic wave spectra. The command
input will be obtained using an optimisation method being
developed at Lancaster University [4].
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