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Abstract

Due to the rapid growth of wind energy and its significant effect on the power grid, fault-tolerant in
wind turbines is considered crucial to increase their reliability and availability levels. This paper
presents a fault-tolerant technique for multiple open-switch faults in a six-phase AC-DC converter as
the most vulnerable components of the wind turbine system. The proposed fault-tolerant technique
uses the redundancy mode of six-phase space vectors in space vector pulse width modulation
(SVPWM) and changes the switching signals in fault sectors, replacing the desired space vector with
another space vector to avoid creating an undesired space vector. The main advantage of this
technique is that, without adding any legs, switches, or triode for alternating currents (TRIAC) to the
converter circuit, and without the need for complex calculations, the open switch faults are tolerated
and the value of overcurrent and total harmonic distortion (THD) caused by the open switch faults on
the healthy and faulty phases are reduced. Finally, the proposed fault-tolerant technique is evaluated
by MATLAB simulation and the results of this simulation show its effectiveness.
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Figure (1): Percentages of typical faults in wind turbines [5]
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Figure (2): The scheme of a wind turbine equipped with a six-phase PMSG with back-to-back converter
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Table (2): Space vectors of six-phase converters in normal operation
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Table (3): Alternate space vectors in open-switch fault mode at the upper switch
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Sec2, Sec3 Vas — Vo \\//‘213:\\’/4(:’ \\’/6613:\\//?
Sec4, Sec5 \\//‘223 :\\//2;’ Ves — Vo
Sec, Sec7 \\//3513::\\//100
Sec8, Sec9
Sec10, Secl1 \\//":;__)’\\’/3:
Table (4): Alternate space vectors in open-switch fault mode at the bottom switch
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Table (5): Simulation parameters of six-phase AC-DC converter
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Table (6): Desirable, undesirable, and alternative space vectors in the fault sectors of the six-phase converter for multiple open-switch faults
in S; and Ss.
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.Figure (6): Simulation results of the six-phase converter currents before and after multiple open-switch faults in S; and Ss. (a) All phases
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Figure (7): Simulation result of the THD of healthy and faulty phases current, for multiple open-switch faults in S; and S;
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Table (7): Desirable, undesirable, and alternative space vectors in the fault sectors of the six-phase converter for multiple open-switch faults
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.Figure (8): Simulation results of the six-phase converter currents before and after multiple open-switch faults in S, and Sy,. (a) All phases
(b) Faulty phases
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Figure (9): Simulation result of the THD of healthy and faulty phases current, for multiple open-switch faults in S, and S;,
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Table (8): Desirable, undesirable, and alternative space vectors in the fault sectors of the six-phase converter for multiple open-switch faults
in S; and Sg
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Figure (10): Simulation results of the six-phase converter currents before and after multiple open-switch faults in S; and Sg. (a) All phases
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Figure (12): Simulation results of DC-link voltage ripple, by applying the multiple open-switch fault-tolerant techniques (a) Multiple open-
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Table (9): Numerical results of the overcurrent indicator (lov) and THD for different multiple open-switch fault conditions
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