Design challenges of high-power converters with low switching frequencies

l. Abstract

This tutorial focuses on industrial high-power medium-voltage converters that use high-power medium-
voltage devices like IGCTs and IEGTs. Such converters reach high power ratings (e.g. 10 — 30 MVA) with
minimum quantity of switching devices. However, medium-voltage devices have typically high switching
losses, which limit the switching frequency of converters at only several hundred Hertz. As a result, the
optimization of the converter performance like the power capability, power quality and the control
dynamics becomes challenging.

This tutorial discusses the design of such converters in three aspects: converter topology, modulation
scheme and current controller. It should be noted that several special phenomena occur due to the low
switching frequency, and they may lead to a significant performance degradation of the converter. In
this tutorial, several modeling methodologies are introduced, which are explicitly developed to explore
the mechanism of these special phenomena at low switching frequencies. Based on this, generalized
design guidelines for the design and optimization are summarized, which have been developed,
implemented and experimentally validated.

Comparative analysis of converters with low switching frequencies versus high switching frequencies will
be conducted throughout the tutorial, since the latter ones are more familiar to most audience (as
reference). Moreover, some design examples will be given.
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