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Design of a Novel Reduced Switches Multilevel Converter with MPC
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Abstract: Aiming at the requirements of low cost and high output quality power conversion, a novel
multilevel converter with reduced number of switches and its finite set model predictive controller (MPC) were
designed. The two-stage conversion was adopted in the new multilevel converter. The variable DC voltage was
produced from the previous-stage DC converter for the subsequent-stage inverter, so as to generate multi-level
output. Compared with the traditional multilevel converter topology, the number of switching devices was greatly
reduced, while the multilevel output was achieved at the same time. Modular design was adopted in the previous-
stage DC converter, and different voltage levels could be obtained by configuring different numbers of sub-modules.
Considering that the traditional modulation strategy is not suitable for this new multilevel converter, the system
prediction model was derived based on the analysis of the circuit operating principle and switch states, and the finite
set model predictive control (MPC) was designed for overall control. Experiments were carried out using the
constructed prototype. The experimental results verify the feasibility and output performance of the new multilevel
converter with MPC.

Key words: multilevel converter; reduced switches; variable direct current (DC) voltage; model predictive
control(MPC)
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Fig.1  Circuit topology of the five-level RSMC
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Fig.2  Circuit topology of the previous-stage

DC converter submodule
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Tab.l  Switching states analysis of the DC converter submodule
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Fig.3  Effective switching states and corresponding output

voltage of the previous-stage DC converter
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Fig.4  Space vector diagram of the five-level RSMC
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Tab.2 Maximum switching blocking voltage of the five-level RSMC
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Tab.3 Comparison of different multilevel topologies
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