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Study on High Performance Control of Switched Reluctance
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Todays, environment problems became important thing to human. Especially, greenhouse gases to
increase temperature of atmosphere always have been big issue. One of those gases, carbon dioxide
produced in fossil fuel and industrial processes take charge to 65%, and 66% of the carbon dioxide
is produced in industry, transportation, building, and electricity production sectors. To decrease the |
carbon dioxide, researches for imprbving efficiency of motors used in electric products or equipment
are actively being conducted. In this situation, Permanent Magnet Synchronous Motor (PMSM) with
high efficiency has become the most popular motor since 1990s.

A development of NeFB using rare-earth materials leads to increasing of motor efficiency and
minimizing of size in PMSM. As carbon dioxide emission regulations become more severe, the use
of PMSM has been rapidly expanded, resulting in that the use of NgF.B has been expanded. In this
circumstance, China which owns 65% of rare-earth material resérves, accounts for 97% of the
world’s supply. This raised concerns about the weaponization of resources. The prices of rare-earth
materials D, (Dysprosium), Ty (Terbium) doped to Ng¢FeB magnets to improve coercivity and
operable temperature, are rapidly increased in 2011 due to the import restriction measures in 2008
by China. As a result, the price of N¢F.B magnets in 2011 increased more than 15 times since 2008.

Ever since, as can be known in the motor development trends, many types of motor to reduce or
get rid of the use of rare-earth magnets while maintaining motor performances have been studied.
Among such many ways, switched reluctance motor (SRM) is selected as an alternative motor for.
PMSM in this study. '
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Through optimal structure design and introducing new material (ex. electromagnetic steel with
0.1mm thickness) to parts of SRM, an improvement of motor efficiency of a SRM, which reaches
similar level with PMSM, has been reported in recent literatures.. In addition, comparing with
PMSM, rare-earth magnet is not needed and its structure is very simple and rugged. Also, scattering
problem of magnetics at high speed operation and demagnetization problem at high temperature are
disregarded. As industrial motor used in severe environment like high temperature and high speed
operation, SRM has most favorable characteristics.

However, the fatal drawbacks of SRMs prevent from their widespread use. One of them is
vibration resulting in acoustic noise. Another is torque ripple. In addition, to keep the strong point of
SRM durable in severe environment, the effective position estimator to eliminate a position sensor
which requires additional space and deteriorates durability and reliability is necessary. In this study,
the researches on next contents have been conducted; .

1) Improvement of vibration minimization performance through modified two-stage commutation,
2) Torque ripple suppression through current profile tracking control considering mutual coupling,
3) Simple and economic position estimation algorithm with small error in wide speed range.

This study consists of seven chapters. Each chapter explains the background and the results of
three themes described above as follows.

In chapter 1, the trend of motor development is explained. The motors which don’t use or reduce
rare-earth magnet are introduced. Especially, this paper considers SRM as an alternative motor for
PMSM. Many issues arising from SRM to be solved are summarized.

In chapter 2, the mechanism of vibration generation of general SRM is presented. The main
source component to produce resonant vibration is investigated. To reduce the vibration at resonant
frequency 4.5[kHz], conventional two stage commutation which has studied in advance is explained.

In chapter. 3, the problem that conventional method does not work in high. speed and high load
| condition is explained. The reason of that problem is investigated through 2D-FEM simulation and
mathematical analysis. Finally, modified two stage commutation to solve this problems is proposed.

In chapter 4, the conventional torque control method using current profiling control is explained.
The target current obtained by using torque-position-current model and torque contour function is
controlled" by using active current regulator. However, the torque ripple in current overlapping
region during comimutation is increased by affection of mutual coupling effect between energized
two adjacent phases. The reason of this problem is investigated through 2D-FEM simulation.

In chapter 5, to minimize the torque ripple in current overlapping region, the modified method
considering the mutual coupling effect is proposed. The process to obtain magnetization curves
considering mutual coupling effect and their torque-position-current model is explained. Finally, it is
demonstrated that the torque ripple is minimized by using the target current obtained from modified
torque contour function and torque-position-current model.

In chapter 6, in order to develop simple and economic position estimation algorithm, the method
to use the linear gradient of phase voltage and voltage rate obtained by using three voltage sensors is
proposed. Through experiment, the accuracy of the algorithm has been confirmed.

In chapter 7, the content achieved by this paper and the tasks to be addressed in the future are
summarized. ‘
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論文審査結果の要旨




