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Abstract: The use of an internal digital communication network enhances the scalability,

implementation and maintenance of Modular Multilevel Converters (MMC). However, it also

introduces delays that limit the sampling frequency and the controller dynamic performance. In this

paper, we propose a model-based predictor to compensate for the loop delay and overcome these

limitations. Two benefits of this approach are possible: either designers can increase the sampling

rate and control performance or employ a slower communication protocol/technology. In this

paper, we present the mathematical description of the model-based predictor, assess the parameter

sensitivity, and show matching simulation and experimental results that validate it. As constraints

introduced by the use of digital communications are overcome, the results achieved encourage

engineers to adopt a network into the design of Modular Multilevel Converters.
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1. Introduction

Modular Multilevel Converters (MMCs) are built by series connections of identical modules (or

cells). The number of cells in a converter depends on the nominal terminal voltage and the reliability

requirements, with industrial MMCs reported in the literature in the medium, high, and extra high

voltage levels [1,2]. As the typical cell blocking voltage is between 1.7 kV (IGBTs) and 6.5 kV (IGCTs or

IGBTs) [3], the possible number of cells per arm can go from just a few to hundreds.

The wide range in the number of cells is a challenge for the control hardware. Moreover,

as the converter voltage ratings increase, the control architecture termed star (Figure 1), i.e., single

connections between the central controller and the cells leads to an overwhelming amount of interfaces,

cables and/or fiber optics that quickly become impracticable in industrial converters or at least

unreliable and cumbersome to assemble.

Several authors studied the use of a digital communication network in this context with the

purpose of improving the scalability, implementation, and maintenance of such converters. Toh and

Norum compared the Ethernet-based protocols EtherCAT, Profinet IRT, and PESNet. They found

that the first has the best performance [4], together with low synchronization error/jitter [5,6] and

fault tolerance [7]. Carstensen et al. [8] developed the protocol SyCCo bus specifically for modular

converters that uses EtherCATsummation frame and on-the-fly processing. Tu and Lukic [9] compared

an improved implementation of this protocol with PESNet and found it to allow 28% higher switching

frequency in a 30-cell converter. Hillers, Tu and Biela [10] discussed the implications of the control

structure for the system reliability when using a communication network. Researchers from Aalborg

University implemented a partly distributed control in an MMC prototype to reduce the data shared

globally and demonstrated single fault tolerance when using EtherCAT [11–14]. Reducing the amount

of data sent through the communication link has also been the core idea in [15,16].
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