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Abstract: 

The global electrification trend in power grid and transportation accelerates the demand for high-
performance, high-density, and high efficiency ac-dc power conversion system in the Medium-
voltage (MV) and High-voltage (HV) areas ranging from a few kV to hundreds of kV. The 
conventional voltage-source converter (C-VSC) cannot meet such demand due to limited range 
of voltage offering, poor power quality, slow dynamic-response, and last but not least, long 
development and test cycle. 

Since the invention of Modular Multilevel Converter (MMC) technology, it quickly dominated the 
high-voltage direct current (HVDC) VSC market and penetrated to the MV grid-interface 
applications like STATCOM. The modular-in-nature solution offered by MMC fundamentally 
changed the way of building MV and HV converters. However, MMC still faces several challenges 
like large footprint, high-cost, and low-efficiency, making it face a strong competition from the C-
VSC in the MV area. Therefore, combing the benefits from both MMC-VSC and C-VSC are strongly 
desired for next-generation modular-in-nature VSCs. 

This tutorial will summarize and present an overview of the most recent research progress on 
various modular MV/HV VSC converter topologies, including Alternative-Arm-Converter (AAC), 
Asymmetric Alternate Arm Converter (AAAC), hybrid modular-multilevel converters (HMMC) and 
hybrid modular-multilevel rectifier (HMMR), as the next-generation solution beyond both MMC 
and C-VSC. The basic operational principle, topological derivation, modeling and control, and 
apple-apple comparison with MMC in terms of efficiency, cost, and size will be discussed. Several 
emerging and existent MV and HVDC application cases will be presented to showcase the 
detailed HMMC/HMMR use cases and their competitiveness to surpass MMC and C-VSC as the 
next-generation VSC solutions. 
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