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This dissertation intensively focuses on control and experiment of a triple-star bridge-cells (TSBC) converter which is one of
the modular multilevel cascade converter (MMCC) family member. The MMCC family for grid connections and motor
drives has been attracting attention to power electronics engineers because voltage ratings of an MMCC can be enhanced
easily by increasing the number of converter cells per cluster or arm. The TSBC converter is one of the most prospective
candidates for the next-generation medium-voltage motor drives. However, no paper has been presented or published on fully
decoupled control and/or experimental results of a practical TSBC converter with multiple bridge cells per cluster as far as
the author knows. This dissertation provides an intensive discussion on how to control the whole system. The proposed
“double a0 transformation” enables a fully decoupled current control and the full use of degrees of freedom of cluster
currents. In addition, the power analysis developed in this dissertation makes it possible to achieve stable voltage regulation
and balancing of all the dc capacitors in terms of their dc and ac components. The validity and effectiveness of the proposed
control strategy and tactics are confirmed by experiments using a three-phase 400-V, 15-kW downscaled model and three
different type of 15-kW ac motors. Moreover, this dissertation proposes the active dc-capacitor voltage control intended to
improve output voltage waveforms and to reduce a converter power loss. Experimental results reveal that the proposed
control makes a significant contribution to reducing the harmonic voltages contained in the output voltage waveforms.
Finally, theoretical and experimental comparisons between TSBC converter and DSCC converter, another MMCC family
member that is also one of the candidates for the next-generation motor drives, have been shown. As a result of the
comparisons, this dissertation concludes that the TSBC converter is more suitable for low-speed, high-torque
medium-voltage motor drives with regenerative braking, such as mills, kilns, conveyors, and extruders.
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