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Introduction
•

Many multivariable systems, such as variable speed turbines, are characterised by input signals that affect the output signals in a cross-coupled manner. It is desirable for
a controller to generate control inputs such that the required changes in the specified controlled output are achieved, without affecting the other outputs. In addition,
other, potentially conflicting, control objectives may need to be satisfied, such as controller rise time, settling time and robustness.

•

The conventional control strategy for a variable speed turbine consists of two independent single-input, single-output control loops; however, this strategy does not allow
the controlled variables to be fully decoupled.

•

The continuous-time controller described here uses pole assignment with analytical multivariable decoupling, in part based upon earlier research for the discrete-time
delta-operator (Chotai et al, 1998).
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Variable speed turbine model

System identification

•

A non-linear simulation of a variable speed turbine has been built based
upon work by Leithead and Connor (2000). In this model, the blade pitch
and the rectifier firing angle are related to the hub speed and power output.

•

The continuous-time Simplified Refined Instrumental Variable algorithm
(Young, 2010) is used to obtain a set of transfer function models relating the
blade pitch and rectifier firing angle to the hub speed and power output.

•

The model is constructed from separate models for the rotor dynamics, the
drive-train and power generation unit, and includes drive-train losses.

•

The fit of the transfer function models to the non-linear simulation are
illustrated below.
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Multivariable proportional-integral-plus control

Results

•

The identified linear transfer functions form the basis of a multivariable
proportional-integral-plus (PIP) controller.

•

The graphs on the left illustrate the controlled output signals: hub velocity
and power output. The set points are shown in black.

•

The structure of the multivariable PIP controller is illustrated below. It can
be seen the structure is similar to that of a conventional multivariable PI
controller, with the addition of higher order input and output filters.

•

The right hand graphs show the control input signals: blade pitch and
rectifier firing angle.

•

It can be seen the controlled variables are almost completely decoupled.

•

An algebraic design methodology is employed to obtain the matrices of
control gains, providing multivariable pole assignment with full decoupling.

set points
+/−

integral
matrix

+/−

plant

+/−

output signals

input
matrices
output
matrices

6

7

Further work
•

•

Tidal turbines are subject to disturbance caused by fluctuations in the
velocity of the tide; consequently, future work will employ a feed-forward
compensator to minimise the effects of this disturbance.
When set points are sufficiently far from the levels upon which the linear
controller is based, performance deteriorates. For this reason, non-linear
controllers are also currently under investigation.
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