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In recent years, advances in power electronics have led to an increase of three-phase motor drive systems
controlled by three-phase inverters. In these motor drive systems, if the inverter breakdown, the motor
operation stops/ceases. In specific applications such as electric vehicles, the inverter failure results in a
loss of the vehicle’s propulsion ability, causing safety issues like traffic accidents and many other
consequences. Therefore, there has been a need to consider countermeasures against/for inverter failure in
electric vehicles. Hence, in this dissertation, the utilization of a two-phase inverter as an emergency
strategy for inverter failure was demonstrated.

A three-phase inverter composes of six switching devices and has a three-phase output. On the other
hand, a two-phase inverter composes of four switching devices but also has a three-phase output. For this
reason, over the years, research has been conducted on a two-phase inverter as a low-cost inverter to drive
a three-phase motor. However, from its working principle, a two-phase inverter has a low voltage
utilization factor (ratio of output voltage to power supply voltage), thus, it could not be put into practical
use in applications such as home appliances, where importance is attached to efficiency. Nevertheless,
research continued on the utilization of a two-phase inverter as an emergency strategy for inverter failure.
In this emergency strategy, when one phase circuit of the three-phase inverter fails, a two-phase inverter
is configured from the remaining healthy two-phase circuit to drive the three-phase motor. In terms of
implementation, when inverter failure occurs, the wiring of the damaged phase is disconnected and
reconnected to the neutral point of the DC power source, and by switching the control software, the three-
phase motor can be driven by a two-phase inverter. In this emergency strategy, although the maximum
speed and output of the electric vehicle reduces to about one-half of its nominal value, the electric vehicle
can propel and move to a safe place or back home.

In this dissertation, vector control was adopted as the control method for two-phase inverter used as an
emergency method because vector control is the control method required for the motor drive systems in
electric vehicles. Furthermore, an induction motor was selected as the three-phase motor to be driven by
the inverter. This dissertation focuses on the enhancement of the vector control method for a two-phase
inverter-fed induction motor drive and improvement of the motors operating performance. This
dissertation consists of 5 chapters, the contents and results of each chapter are summarized as follows.

In chapter 1, the research background and problems of the previous research were explained. Followed
by, a detailed description of the problem statements and research objectives. The organization of this
dissertation was also described.

In chapter 2, a transformation matrix was proposed to facilitate instantaneous coordinate transformation
to derive an output voltage reference for a vector controlled two-phase inverter. The proposed
transformation matrix can perform the coordinate transformation, irrespective of the inverter phase (U, V,



or W) of the three-phase inverter that fails. This ability shows that the proposed transformation matrix is
a practical transformation matrix for emergency operation, where there is no prior knowledge of the
inverter phase that will breakdown. In this chapter, the procedure of deriving the proposed
transformation matrix was described in detail. Furthermore, in order to verify that the proposed
transformation matrix can be used in motor control, its ability to retain the same power before and
after the coordinate transformation was proved. Therefore, it can be said that the proposed
transformation matrix is power invariant. Consequently, it was clarified that using the proposed
transformation matrix, vector control of a three-phase induction motor is achievable.

In chapter 3, using the proposed transformation matrix, the performance of a vector controlled two-
phase inverter-fed three-phase induction motor drive system was verified by simulation and
experiment. Also, in the course of experimental verification, due to the limitations of the experimental
apparatus, the performance of the whole operating region could not be performed. Thus, the
experimental apparatus was improved and the verification of the entire operating region was achieved.
Subsequently, the effectiveness of the proposed transformation matrix and the performance of the
vector controlled two phase inverter-fed three-phase induction motor was clarified.

In addition, the proposed method and the previous method described in this dissertation, for the
vector control of two phase inverter was compared using the same three-phase induction motor system
in experiment. From the experimental results of both methods, the speed response characteristics,
torque characteristics, efficiency characteristics, and so on were compared. The comparison results
showed that in all aspects, compared to the previous method, the proposed method achieved a better
performance.

In chapter 4, a field weakening control method was proposed, in order to improve the performance of a
two-phase inverter-fed three-phase induction motor in the high-speed region. If the three-phase motor is
driven by a two-phase inverter that has a low voltage utilization factor, the nonlinearity of the motor
torque increases in the high-speed region. For this reason, the conventional field weakening control
used in the three-phase inverter reduces the accuracy of current control. The proposed field weakening
control method can achieve precise current control in the high-speed region. The effectiveness of the
proposed field weakening control method was verified by simulation and experiment. A comparison of
the proposed field weakening control method for a two-phase inverter drive and without field
weakening control was performed by simulation and experiment. The results showed that by using
the proposed field weakening control, the speed-torque characteristics and motor efficiency improved
in the high-speed region.

Chapter 5 describes the summary of the results and conclusion of this dissertation.

As described above, this dissertation proposes a coordinate transformation method and field
weakening control method for a vector controlled two-phase inverter-fed three-phase induction motor
drive. The proposed vector control of two-phase inverter in this dissertation is a fundamental
technique required to achieve practical application of a two-phase inverter as an emergency strategy
when a failure occurs in a three-phase inverter. Furthermore, in this dissertation, although an
induction motor was adopted, the results demonstrated is a general purpose technique that is also
applicable to other types of three-phase motors. Therefore, it can be said that the results obtained in
this dissertation have greatly contributed to the practical application and future development of a
two-phase inverter.
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