[ Downloaded from ieijgp.ir on 2026-06-10 ]

[ DOR: 20.1001.1.23222344.1401.11.1.4.6 ]

Iranian Electric Industry Journal Vol. 11/ No. 1/ Spring 2022
Quality & Productivity ISSN 2322-2344
P.P 126-138 elSSN 2717-1639

Fault Diagnosis and Fault-Tolerant Control of DFIG Back-To-
Back Converter Switch Open-Circuit Based on a New SVM
Common-Leg Method with the Application of a Wind Turbine

Mehrnoosh Kamarzarrin', Ph.D. Student, Mohammad Hossein Refan?, Professor, Parviz Amiri’, Associate Professor
1- Faculty of Electrical Engineering, Shahid Rajaee Teacher Training University, Tehran- Iran
-kamarzarrin.mehrnoosh@sru.ac.ir
2- Faculty of Electrical Engineering, Shahid Rajaee Teacher Training University, Tehran- Iran
-refan@sru.ac.ir
3- Faculty of Electrical Engineering, Shahid Rajaee Teacher Training University, Tehran- Iran
-amiri@sru.ac.ir

Abstract:

One of the most common types of wind turbines (WTSs) is the Doubly-Fed Induction Generator (DFIG) with
a back-to-back converter. The power converter with an Insulated Gate Bipolar Transistor (IGBT) switch is
essential equipment for power regulation and grid connection in WTs. The converter IGBT open-circuit
causes a drawback in output current and as a result, the production performance of the turbine is reduced.
Condition Monitoring (CM), Fault Diagnostic (FD), and Fault-Tolerant Control (FTC) of a WT increase the
reliability and availability of the turbine and are typical methods to reduce energy production costs and WT
downtime. The IGBT switch’s open-circuit failure rate is significant compared to the overall fault rate in
WTs. This paper discusses IGBT open-circuit FTC in back-to-back DFIG converters. In the proposed
structure, the converter switch fault is first diagnosed using a fast and numerical method. In the first part, a
method based on normalized phase currents, the absolute of the phase currents, and an adaptive threshold is
used. The FTC system can be divided into two classes of redundancy and non-redundancy or into active and
inactive classes. In this article, the proposed method is active and non-redundancy. In the second step, the
FTC process is activated to compensate for the system degradation. In this method, the faulty leg is removed
with the gate opening of both IGBTSs in one leg by the controller, and one of the legs is positioned as a
common leg between the two grid side and rotor side converters. The conventional method in this structure is
to use Pulse Width Modulation (PWM) with a zero sequence signal. The novelty of the paper is the use of
the proposed SVM vector control. The proposed structure is inexpensive. Furthermore, the fault diagnostic
structure operates without additional sensors and the FTC structure operates with minimal hardware. To
evaluate the proposed structure, a 2.5 MW turbine software simulator based on real data is used. The
simulations show that the proposed method is effective and robust in FD and FTC and that the proposed
method is successful in detecting multiple defects of the grid-side and rotor-side converters, as well as the
defects of one leg. The proposed method can compensate for the open switch fault to construct three-phase
output currents by comparing the numerical parameters. The ability of the proposed method is specified.
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' Diagnosis

" Fault Identification

" Tolerant Control (TC)

" Polarity

* Normalized Current Average Values
" Phase Angle Slope

¥ Structural Recovery

* Absolute Normalized DC Current

* Current Absolute Normalized Park-Vector
" Pulse Width Modulation (PWM)

" Zero Sequence Signal (ZSS)

"" Space Vector Modulation (SVM)

" Total Waveform Oscillation
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