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Abstract

This thesis deals with the analysis and control of the modular multilevel
converter (M2C). The M2C is a promising converter technology for various
high-voltage high-power applications. The reason to this is that low-distortion
output quantities can be achieved with low average switching frequencies
per switch and without output filters. With the M2C the output voltage has
such a low harmonic content that high-power motors can be operated without
any derating. However, the apparent large number of devices, requires more
complex converter control techniques than a two-level counterpart. The
internal control of an M2C must be designed so that the submodule capacitor
voltages are equalized and stable independent of the loading conditions. An
active submodule selection mechanism, included in the modulator, has been
shown able to provide voltage sharing inside the converter arm. Apart from the
individual capacitor voltage sharing, a strategy has to be designed to ensure
that the total amount of energy stored inside the converter will always be
controlled. Based on an analytical description of the converter, both feedback
and open-loop control methods are suggested, simulated and experimentally
evaluated, which will ensure stable operation in the whole operation range.
The potential interaction of the internal controllers with an external motor
current controller is also investigated. Both simulation and experimental
results show that any interaction will not result in any problems neither for
the converter nor for the motor control itself. A hardware implementation of a
down-scaled 10 kVA three-phase laboratory prototype converter is performed,
in order to evaluate the modeling and the controllers developed. The controller
implementation is described in detail, as it exhibits remarkably fast response,
and can be expanded up to an arbitrary number of levels. Therefore it can be
used even by a full-scale converter implementation in the MW range.
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