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学 位 論 文 内 容 の 要 旨
 Wind power is a signifi cant promising source of renewable energy that will play a very important role 
in the 21st century.  Wind turbines are very effective to generate the electrical energy from the wind power.  
There is great need/obligation to exploit the renewable energy because of the rapid decrease of the earth's 
fossil energy sources, and the global warming resulting from utilizing them.  Wind exists everywhere on 
Earth, and in some places with considerable energy density.   It was widely used in the past, for mechanical 
power as well as transportation.  Certainly, it can be utilized effectively for generating the electrical power 
where it is sustainable, home grown and clean source of power.  The author introduces a new/unique 
technological development in the fi eld of wind turbines, through a vision of a new design of intelligent 
wind turbine generators that may make a revolution in the fi eld of the wind power unit industry.  This work 
proposes a propeller type horizontal axis wind power unit with tandem wind rotors.  This chapter shows the 
importance of exploiting the renewable energy, concentrating on wind power.  Advanced technologies in 
the fi eld of electronics, and long experience in the work of wind turbines, made the market of wind power 
units far better than before because of the fruitful advantages that can result from using these clean sources 
of electric power.  Wind can supply power at remote places where electrical grid cannot reach, and can 
help to overcome diffi culties that result from using other sources of energy, such as polluting exhausts that 
may damage the surrounding environment.  Wind turbines are mechanical devices specifi cally designed 
to convert part of the kinetic energy of the wind into useful mechanical energy.  Several designs have been 
devised throughout the times.  Most of them comprise a rotor that turns round propelled by lift or drag 
forces, which result from its interaction with the wind.  Depending on the position of the rotor axis, wind 
turbines are classifi ed into vertical-axis and horizontal-axis ones.
 The idea of the tandem wind rotors is that using two sets of blades instead of one, to increase the output.  
There were many attempts done using this idea.  This research is also discussed the fruitful advantages 
from using this idea, but with completely different way than most of the researches.  Previous work dealt 
with conventional generator types, while this research is concerning a unique generator that differs than 
the conventional wind generators.  The operation of the proposed wind power unit using the tandem wind 
rotors is in cooperation with the double rotational armature type generator without the need of the gearbox, 
and the pitch control mechanisms.  The author has developed a unique wind power unit using two new/
unique types of generators that have been used through experiments.  These types are the double rotational 
armature type doubly fed induction generator, and the permanent magnet, AC synchronous generator with 
double rotational armatures.  The induction type generator has been applied usually to the large-scale wind 
turbine generator in the grid system.  The other synchronous type generator was used in the fi eld tests.  The 



original unique design of these two generators was made by Professor Toshiaki Kanemoto, from Kyushu 
Institute of Technology, Japan. 
 The author calls these types as unique wind generators, because conventional type generators have 
both stator and rotor, while these unique types have no stators, where both inner and outer armatures of the 
generators are rotating.  When using the unit as an up-wind type, the doubly fed induction generator was 
equipped by the large-sized front wind rotor and the small-sized rear wind rotor which driven respectively 
the inner and the outer armatures of the generator.  On the other hand, when the unit was used as a down-
wind type, the permanent magnet synchronous generator was used, while the large-sized front wind rotor 
and the small-sized rear wind rotor driven respectively the outer and the inner armatures of the generator, 
while keeping the rotational torque counter-balanced inside the generators.  Such behavior of the tandem 
wind rotors enabled the output to become higher than the conventional turbines and to keep the output 
constant in the rated operation mode without using the brake and/or the pitch control mechanisms.  The 
author have designed and manufactured the larger sized wind rotor of diameter 2m, and the smaller sized 
wind rotor of diameter 1.33m using simple aerodynamic theories.  These wind rotors were used in the 
experiments that were done on the prototype unique wind power unit to test its performances in the fi eld. 
Bench tests were done on both previously mentioned unique wind turbine generators before preparing them 
for the experiments, and the characteristics of both wind generators were presented.  The wind power unit 
was very stable, and dynamically balanced through different experiments.  Sometimes, especially at high 
wind speeds, the vibration of the unit was increased, but always it was in a matter that never caused any 
kind of danger to the wind power unit.  This nice performance is because the resultant torque on the casing 
of the wind generator nearly vanishes, because the torque generated from the large sized front wind rotor is 
always balanced by the torque generated from the small sized rear wind rotor.  This counterbalance between 
both tandem wind rotors will not only affect the dynamical behavior of the wind power unit, but also will 
increase the output power, and will maintain it steady at the rated operation.  For good quality of electric 
power generated from wind power units, it is important to keep the frequency of the generator fe as steady 
as possible.  This steady value of the frequency will be affected by the value of the relative rotational speed 
of tandem wind rotors NT , which also is affected by the rotational behavior of both tandem wind rotors.  
The main force that drives the wind turbine blades is the lift force.  This force is affected by the value of the 
attack angle of the blade.  Advanced technology of the tandem wind blades showed that the best diameter 
ratio between the front and rear wind rotors must be close to 0.84.  Beside, the minimum distance between 
both wind rotors shows the better performance.  The camber and blade shape/profi le have a direct effect 
on the behavior of the wind rotor, which means that optimization for this profi le will lead to a sound and 
optimum performance to the unique wind power unit.  
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