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Abstract:

The transition from a predominantly fossil fuel-based power generation towards renewable
power sources, predominantly wind turbines and photovoltaic systems, inevitably leads towards
an energy supply system that greatly depends on power electronics to feed the energy in the
electrical grid. As all power electronic driven systems are intrinsically DC sources or loads, DC
transmission and distribution systems become evident, not only because it is more efficient and
cost effective, but also increases the ampacity of cables. The development and commercialization
of medium-voltage, multi-megawatt DC-DC converters, also called solid-state DC transformers,
is a key enabler to realize flexible and interconnected DC grids. Compared to AC transformers,
solid-state DC transformers not only need to transform voltage and control power flow, but also
need to offer similar efficiencies (up to 99%) at high switching frequencies, provide the same
insulation levels and limit fault currents, that is, offer fault-ride-through capabilities.

In this tutorial, we introduce and describe the latest advances and best practices of galvanically
isolated bidirectional DC-DC converters for solid-state DC transformers. It covers a wide selection
of key enabling technologies from converter topologies, optimized control, to the design of highly
efficient megawatt medium-voltage DC-DC converters based on emerging MV SiC devices.

Following a general introduction and a technology roadmap of DC transmission and distribution
grids, the tutorial will elaborate the most promising candidates of bidirectional isolated DC-DC
converters for solid-state DC transformers. It will start with a comprehensive comparison
between single-phase and three-phase dual-active bridge (DAB) converters for LV and MV DC
applications, where the pros. and cons. are clearly underlined. Further, advanced modulation and
control of the DAB converter will be presented to overcome two important challenges. First, the
trajectory modeling approach and the instantaneous flux and current method are systematically
presented to explain and resolve the transformer saturation issue under dynamic conditions.
Second, the asymmetrical duty-cycle control method is introduced to enable ultra wide voltage
operation of the DAB converter with soft-switching and the fault ride-through capability.

Considering the numerous benefits of the bipolar DC distribution, the tutorial will also present
advancements in power conversion technologies for bipolar LVDC and MVDC distribution
systems. Several novel converter topologies of DC-DC converters for LVDC and MVDC
applications will be addressed, which are inherently capable of bipolar operation. These
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topologies are based on the concept of topological integration of voltage balancers, which are
required individually for maintaining voltage balance of bipolar DC grids. With such integration
technique, bipolar operation capability of dc-link can be obtained with minimum costs and
conversion losses.

The last section of the tutorial will focus on the understanding of MV SiC devices (15 kV IGBTs
versus 15 kV MOSFETs; 10 kV, 6.5 kV, 3.3 kV MOSFETSs) and their applications for the MVDC grid.
MVDC grids will be explored with demonstrated and pilot application examples of SST (Solid State
Transformer). The roadmap of MV SiC power devices in terms of cost targets, module packaging,
and reliability qualification of MV SiC devices will be addressed. Advances in medium frequency
magnetics for wide band-gap (WBG) devices based power converters and especially for high
power converters, with latest advances in magnetic material qualification and characterization
will be included.
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