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Induction machines (IM) are widely used as industrial motors in such applications as
electric railways, electric vehicles, and industrial plants due to their low cost and sturdiness.
In applications requiring variable speed control, the speed sensor-less vector control method
(sensor-less control method) has been devised as technique to realize vector control drive
without impairing the original features of the IM. Furthermore, it is practically used in
industrial fields.

One of the technical problems in the sensor-less control method is realizing high
precision and stable operation in zero stator frequency. As a solution to that problem, the
method utilizing magnetic saturation and slot harmonics, which can be detected by injecting
the high frequency voltage signal, has been proposed. However, in the mentioned method, it
is restricted by the rotor slot structure. Also, it is necessary to inject a high frequency signal;
therefore, problems such as an increase of harmonic power loss and noise are assumed and
the reduction of these problems is desired.

The magnetic saturation utilized for the rotor flux estimation is known to occur in the
leakage flux position in addition to the main flux position. However, the injected signal level
that can detect the leakage flux saturation saliency in the case of the IM with a closed slot
structure has not been discussed. Also, for the slot harmonics to be utilized for the rotor
speed estimation, the injected signal levels to enhance the amplitude characteristics have not
been discussed.

In this thesis, the influence of the magnetic saturation and the slot harmonics on the stator
impedance characteristics of the IM with a closed slot structure is investigated. The
influences on impedance characteristics for magnetic saturations of main and leakage fluxes
are investigated, and the high frequency voltage signal injection levels to enhance the slot
harmonics caused by rotor slots are investigated. In addition, the 2-D transient magnetic
analysis using the finite element method is carried out in order to analytically investigate the
magnetic saturation saliency caused by the main and leakage fluxes.

In the first chapter, as a background of this research, the transition of variable speed
control techniques of the IM and the various control methods are described, and the purposed
of this research is described.

In the second chapter, the influences of magnetic saturations and slot harmonics on the
rotor slot structure of the IM are described. Then, the influences of the magnetic saturations
caused by the main and leakage fluxes on the impedance characteristics are investigated.
Furthermore, the injected signal levels which enhance the influence of slot harmonics are
investigated.

In the third chapter, the 2-D transient magnetic analysis is carried out to clarify the
relationship between the injected signal level and magnetic saturation saliency caused by
main and leakage fluxes.

In the fourth chapter, the main results of this research are summarized, and future works are
described.
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