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Short Abstract

In this paper, a new method based on model predictive control with a finite control set is proposed for the cascaded H-bridge converter-based active
rectifier to control the converter under switch fault conditions. The purpose of the fault-tolerant method is to guarantee the continuous operation of the
converter after switch(es) open-circuit failure. After the occurrence of an open circuit fault in the switches, by using the system model, the presented
model predictive approach enables the operation of the converter despite the presence of a faulty cell. The proposed method sets the dc voltages of dc-
link capacitors at the reference value under balanced and unbalanced dc loads and keeps the current drawn from the grid at a good quality. The
performance of the proposed method has been evaluated through simulations based on the seven-level cascaded H-bridge converter in the
MATLAB/SIMULINK environment.

Keywords
Multilevel converter, Cascaded H-bridge converter, Model predictive control, Fault tolerance.

1-  Short Introduction

Multilevel converters are a cost-effective solution in high-power medium voltage systems. One of the essential features of the Cascaded H-bridge
converter is its modularity, simple design, and high scalability. The purpose of the cascaded H-bridge converter-based rectifier is to achieve a sinusoidal
current with a unit power factor on the ac side and provide capacitor voltage sources in the dc link of the cells and, accordingly, inject power to the dc
consumers in the dc link of the cells. On the other hand, semiconductor power devices are constantly being switched, thus, the possibility of switch
failure is high. In multi-level converters, such as cascaded h-bridge converter, tolerance against the occurrence of power switch faults is one of the
critical challenges. The purpose of fault tolerance is to provide a solution through which the converter continues operation with the maximum remaining
healthy capacity after fault in one or more power switches, and there is no need for the entire converter to be tripped off.

2-  Proposed Work and Methodology

This paper develops a fault tolerant method based on model predictive control with a finite control set for the cascaded H-bridge converter-based active
rectifier. First, the discrete-time model of the converter is derived and then a cost function including two control goals, i.e., regulating and balacing the
dc voltage capacitors, and current control is definded. Based on the location and type of the switch failure, the available post-fault switching states are
derived and given. These are the input of the optimization process where the optimal switching state is selected and applied to the converter. Also, in
the proposed method, the faulty full-bridge cell is kept in use as a half-bridge cell after fault occurrence. The simulation results are provided in different
scenarions, under balanced and unbalnced dc loads, pre-fault and post-fault condition and single and dual switch failures.

3-  Conclusion

In this paper, a fault-tolreant method based on model predictive control with a finite control set is developed for the cascaded H-bridge converter-based
active rectifier. In the proposed method, two control objectives were defined, i.e., controlling the absorbed current from the grid, and balancing the
voltages of the DC link capacitors. Based on the simulation results, the proposed method provides the following important achievements after the
occurrence of an open circuit fault in the switch.

1) The converter continues to work despite the defective cell so that the dc voltages of all capacitors are kept regulated and balanced (the dc-link
capacitors of both faulty and healthy cells are set at the referenec value).

2) The input AC current of the rectifier is controlled with an appropriate THD and the actual current well follows the reference value.
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