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Abstract 
 

The change of the electrical supply system to more environmental-friendly energy sources require the 
development of a new grid infrastructure. Next to the increasing penetration of large-scale renewable energy 
sources such as offshore wind farms, the change of consumer behavior in the distribution grids from 
consumer into producer due to the installation of decentralized generations will result in a bottleneck in the 
distribution grids. Local or regional balancing between loads and generations is found to be a cost effective 
solution for the future electrical distribution grids, which can be realized with direct current (DC) 
technology more efficiently and flexibly.  
 
The tutorial will focus on the latest advances and best practices of intelligent solid-state DC substations for 
future flexible DC grids, which covers a selection of key enabling technologies from converter topologies, 
optimized control, hardware-in-the-loop simulation techniques, to the development of megawatt medium-
voltage demonstrators. The presented advances are collected from a number of recent and ongoing research 
projects in the Institute for Power Generation and Storage Systems, which includes the Flexible Electrical 
Networks (FEN) Research Campus funded by the German Federal Ministry of Education and Research.   
                                                                                                                      
Following a general introduction and a technology roadmap of flexible DC grids, the tutorial will elaborate 
the technologies of bidirectional isolated DC-DC converters for intelligent solid-state DC substations for 
interconnection of DC grids at different voltage levels. It will start with dual-active bridge (DAB) based 
DC-DC converter topologies for LVDC-MVDC applications, where advanced modulation and control of 
DAB converters will also be discussed. This includes the instantaneous flux and current control method as 
well as the advanced black start-up and fault ride-through strategies for a highly dynamic and robust 
operation under both normal and fault conditions.  
 
Then, the development and control of an IGCT-based 5 kV, 5 MW DAB DC-DC converter will be presented. 
This includes the employment of the modified auxiliary-resonant commutated-pole circuit to ensure zero-
voltage soft-switching of IGCT devices with snubber capacitors, and a novel anti-saturation detection and 
compensation methods for medium-frequency transformers.  
 
Considering the numerous benefits of the bipolar DC distribution, the tutorial will also present advances in 
power conversion technologies for bipolar LVDC and MVDC distribution systems. The concept of 
topological integration is adopted and demonstrated for state-of-the-art AC-DC and DC-DC converters such 
as MMC and DAB, which enables a full bipolar operation capability on the DC side with a minimum count 
of additional components.   
 
The last section of the tutorial will deal with the real-time simulation and hardware-in-the-loop test for 
intelligent DC substations. Different modeling techniques will be discussed and compared with best 
practices in the real-time environment. A successful example of using the rapid-control-prototyping tool 
to develop a high-power medium-voltage modular DC-DC converter will be presented as well as the 
lessons learnt.                                                    
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