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Study on Maximum Power Control System
F AL w3 B for Small Wind Turbine Using Wind Speed Prediction
(RGEF 2 Ao /TR D I O e X H D8 27 AT T 5 HE5E)

In recent years, renewable and clean natural energy has attract
ed much attention as a solution to depletion of fossil fuels and glo
bal warming due to the emission of carbon dioxide. Therefore, wind
turbines are being rapidly introduced as alternative electric power

generation systems using renewable energy worldwide. However th
e output of wind turbines fluctuates widely depending on the cube

of the wind speed. In particular, the output of small wind turbines
located at urban area including houses, apartments, and office bui
ldings is apt to fluctuate because of turbulence as well as remote

areas. In such area, it is desired that wind turbines efficiently con
vert wind energy to electrical energy. Variable speed wind turbines
are generally characterized as having higher efficiency than fixed

speed wind turbines. Moreover fixed pitch with variable speed wind
turbines are becoming more popular for lower installation cost co

mpared with variable pitch wind turbines.

Thus there are a variety of maximum power control methods to
improve power generation efficiency. In those preceding researches,
hill climbing methods are usually used. Yaoqin et al. proposed a
maximum power point tracking control with hill climbing of variabl
e step for rotatiomal speed to track ramp variation of wind speed f
rom 0 m/s to 12 m/s. As other hill climbing methods, variable step
of load resistance and duty cycle are presented by Tanaka et al.,
Koutroulis et al., respectively. In those methods, Kazmi et al. rep
orted that there are two serious problems with hill climbing metho
d which significantly decreases performances under rapidly changin
g wind speed. The one is that a large step size causes oscillations
around a maximum power point for fast tracking. The second is m
isleading of hill climbing by wind speed changing, because the dire
ction of the climbing is decided only by the increase or decrease o
f generating power. Therefore Kazmi et al. proposed a control algor
ithm based on searching the non-unique optimal power curve in onl
ine depending on the wind speed, and use it as a reference for con

trol to improve those problems. Here, because of the large inertia




moment of wind turbines, a fast tracking control is desired. Refere
nce Kim et al. focuses on reduction the influence of the inertia mo
ment of the wind turbines by employing a proportional controller f
or fast control performance. Also, Chen et al. propose fasten maxi
mum power point tracking method by using aerodynamic power obse
rver. In those preceding researches, the control systems use only c
urrent information such as wind speed, rotational speed, current, a
nd voltage, and operate wind turbines.

Until now we have studied about wind speed prediction systems

from 10 minutes to several hours ahead for applying to operation
of power system and wind turbine control. Those prediction system
are consisted by using a complex-valued neural network (called he
re, CVNN), a real-valued neural network (called here, RVNN), or s
elf-tuning fuzzy reasoning. And we confirmed the effectiveness of ¢t
hose systems. The prediction system consisting of the CVNN can ta
ke into account wind dynamics in two dimensional space by express
ing wind data as a vector, which has both magnitude and direction
, because the CVNN has a good ability for treating a complex num
ber. Due to that kind of the capability of the CVNN, improvement
of prediction accuracy was seen comparing with a prediction system
using the RVNN.

In this dissertation, we propose a novel approach of maximum p
ower control system for small wind turbines in wind variability en
vironment by using predicted wind speed data. After confirming the
validity of the proposed wind turbine control system, a wind spee
d prediction system by using a CVNN is proposed.

To extract maximum power from wind turbines, it is necessary t

hat the rotational speed of wind turbines should be adjusted at op
timal point in the real time. However wind turbines have a large i
nertia compared to the inertia of the generator. Therefore the time
lag of the rotational speed control will occur in environment with
turbulence. The features of the proposed control system are to use
future information which is predicted wind speed and to set a ref
erence trajectory of the rotational speed of the wind turbine based
on both the predicted wind speed ahead of a few seconds and the
mechanical time constant of the wind turbine. The effect of using
the predicted data is that the controller can operate the wind tur
bine efficiently and stably so that the rotational speed of the wind
turbine catches up with the reference speed at maximum power po
int. Then variable speed control of wind turbine is realized by usi
ng power converter control technique. The effectiveness of the prop
osed control system and the wind speed prediction system are demo
nstrated by computer simulations.
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