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This dissertation makes intensive discussions on medium-voltage adjustable-speed motor drives for large-capacity fans,
compressors, pumps, and conveyors. Special attention is given to modular multilevel indirect three-phase ac/ac conversion
systems with either a dc link or a single-phase ac link. Among several candidates of medium-voltage converter topology, this
dissertation focuses on a DSCC (Double-Star Chopper Cells) converter and a DSBC (Double-Star Bridge Cells) converter. A
unique feature of both DSCC and DSBC converters, that is ““instantaneous active power on the input and output sides does
not necessarily equal each other,” is exploited to achieve both reductions in the physical size and enhancements in the
functionality for medium-voltage motor drives. Feasibility of the theory developed in each chapter is confirmed through
theoretical analysis, numerical analysis, and experimental verification. A 400-V, 15-kW down-scaled DSCC inverter is
designed, constructed, and tested to confirm driving performance of both induction and synchronous motors and braking
performance of an induction motor. The following seven chapters provide in-depth discussions on DSCC- and DSBC-based
motor drives in a broad sense:

Chapterl:“Introduction” includes an intensive summary of both classical and contemporary medium-voltage
adjustable-speed motor drives.

Chapter2:“Medium-Voltage Indirect AC/AC Conversion Systems” summarizes “past” indirect ac/ac conversion systems
and “future” DSCC- and DSBC-based systems, applicable to medium-voltage motor drives.

Chapter3:“Capacitance Reduction by an Optimization of a Motor-Current Phase Angle” focuses on a
motor-current-phase angle of both induction and synchronous motors, providing the optimum phase angle reducing cell
capacitances. Experimental waveforms obtained from the DSCC-based induction motor drive show that the cell capacitances
can be reduced by 14% compared to conventional method.

Chapter4:“Enhancement on Individual Capacitor-Voltage Balancing Capability” points out that a DSCC-based
synchronous-motor drive suffers from capacitor-voltage imbalance in a zero/low-power range. Theoretical and experimental
investigations provide that injecting reactive power to the motor enhances capacitor-voltage balancing capability.
Chapter5:“Dynamic Braking for Medium-Voltage Motor Drives” introduces the so-called “distributed dynamic braking”
to the DSCC-based motor drive with a diode rectifier as the front end. Experimental waveforms show fast and safe electrical
braking performance of a DSCC-based induction motor drive.

Chapter6:“Multiple Medium-Voltage Motor Drives Using a DSBC System With a Single-Phase AC Link” proposes a
system configuration enabling multiple medium-voltage motor drives, galvanic isolations among motors, and large
reductions in cell capacitances. Circuit simulation results provide the validity of the proposed system.
Chapter7:“Conclusion” gives summary, conclusion, and limitation of the dissertation.
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