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Control Strategy for Suppression of Power Variation of
a Wind Turbine Generator

Naruhito Kopama

Abstract

Wind energy is being increasingly used in the United States and Europe as a renewable and
ecologically clean energy source. In Japan, the 500 kW wind generator was developed as one
of projects of NEDOQ, and several tests on its performance have been made so far. Various
researches have been performed based on the measurement data on the above machine. Wind
generators are driven by stochastically fluctuating wind speeds, and hence the output power
varies much. Particularly, the generated power varies too much because generators are built
in a mountainous and rough complex terrain in Japan. Consequently, the power variations
become serious problems in case of a small power system or an isolated island, although we can
neglect the power variations in case of a large capacity power system. Hence, it is important
to find control methods to reduce the power variations. So far, pitch control strategy was
carried out with the conventional PID control. However, recently modern control schemes
such as adaptive control, LQG optimal control and fuzzy control have been proposed. This
paper presents a new control scheme based on probabilistic optimal control using the model of
the NEDO’s 500 kW wind generator.

In order to develop a new control scheme for reduction of the power variations, we need
to obtain the dynamic characteristics under fluctuating wind conditions. For this purpose, the
author develops a modeling method based on the NEDO 500 kW wind generator. The
modeling of a wind generator using an analytical method has been made previously. However,
the analytical modeling has difficulty due to complexity with increase in number of elements
consisting of the generator. Therefore, this paper presents the modeling of the NEDO 500 kW
wind generator using system identification technique. To begin with, the author presents the
way to divide the wind generator into several subsystems, and obtains input-output relationship
of each block using the data on the NEDO’s machine under operation, and performs the
modeling of transfer functions of each block. However it is difficult to obtain the transfer
functions of whole blocks. Therefore, the author applies an analytical method to a part of
some blocks of the system besides system identification technique. Then, the author proposes
a new control system using the designed model. The assumption that the windmill system is
the probabilistic control system in which the input wind speed changes randomly is made in this
study. Based on this idea, the windmill system is formulated as a probabilistic control system
that consists of a feed forward control and feed back control scheme, and then the controller
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by optimizing the specified performance index is constructed. In order to perform feed
forward control, it is necessary to detect the wind speed. Hence, a wind speed observer that
estimates the wind speed using the wind generator itself is developed. Several simulations are
made to verify the performance of the proposed controller using the actually measured data.
The results show that the proposed controller can reduce the power variations to approximate-
ly one third. Recently, the power variations of a wind generator become problems in case of
connection to a small power system such as an isolated island. In such a case the proposed
control strategy will be a useful solution.

This thesis consists of the following chapters.

The background, the objective and the outline of this research are described in Chapter 1.

The subsystems constituting a wind generator, and a basic idea of the modeling that is
necessary to develop the control strategy of the wind generator are described in Chapter 2.
Several kinds of windmills and the characteristics are mentioned, and at this present horizontal
axis, up-wind and propeller type wind generators with squirrel-cage induction machines are
stated to be mainstreams. A typical wind generator system consists of a rotor, a shaft system,
an electrical system, a control system and a tower. The author states the outline of these
subsystems, and then the structure of the NEDO 500 kW wind turbine generator of this study,
and derives the equations of windmill torque and generator torque. In order to design the
control system, the author clarifies the mutual relationship between power, wind speed, pitch
angle and angular speed, and illustrates the structure of the control system and the control
method.

A system identification technique and an analytical method are described the model of the
windmill system in Chapter 3. In this chapter, the transient characteristics and the frequency
characteristics of the machine are clarified using the above model. The structure and the
characteristic of the ARMAX-model are introduced, and a method to determine the order of
the model and the modeling method, which are important in system identification technique, are
described. Then, the modeling of the power control system and the pitch drive system are
made using system identification technique. Then, the author performs the over all modeling
of the windmill and the generator. For this purpose, the perturbation relationship equation of
the angular speed, the wind speed and the pitch angle of the wind generator are formulated
using equations of dynamic behavior, windmill torque and generator torque, and thus the
modeling of the windmill and the generator are derived. As the result, the overall closed loop
transfer function from the wind speed to the power based on the designed model are formulated.
The frequency response of the model shows a peak in a domain from 0.1 (Hz) to 2 (Hz), and
that the whole system is sensitive to the wind speed change around this frequency region, is
shown.

Control schemes to reduce the power variations are described in Chapter 4. The
probabilistic optimal control, which is one of disturbance accommodation control, is most
useful among control schemes. The author proposes a control strategy to combine a feed
forward and feed back system. In order to perform a feed forward control, it is necessary to
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detect the wind speed, as aforementioned. The author studies two cases: control system with
wind speed sensor and without wind speed sensor. In case with wind speed sensor, a feed
forward transfer function is calculated by the actual measurements, and then the minimal order
observer to estimate the state variables of the wind generator is designed. As the results, the
augmented system is formulated, and the proposed control system is constructed. In case
without wind speed sensor, a wind speed observer which estimates the effective wind speed is
proposed. Then, a feed forward transfer function is introduced, and a minimal order observer
is obtained in the same way as the former case. From these transfer functions, an augmented
system is formulated, and the feed forward and feed back gain are calculated.

In order to confirm performance of the proposed controller, several simulations are made
using measured data in Chapter 5. As the results, the proposed controller can reduce the power
variations successfully, and the variance of power decreases to one fourth with wind speed
sensor, and a half without wind speed sensor. In the ideal case where there is no windshear,
the proposed controller can reduce to approximately one fifth of variance of power variations.

The overall results of the study are summarized as conclusions in chapter 6.

Professor (Chairperson) Tomoyuki Matsuzaka
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