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Microgrid inverters (MGIs) employing gate turn-off thyristor (GTO) technology are used in both grid-
tied and off-grid microgrids (MGs), where they are essential for controlling power flow and maintaining
system stability. The ability of GTOs to withstand high voltages and currents is crucial in power
conversion systems that require substantial power levels. GTOs in voltage source inverters (VSIs) are used
to convert DC electricity from renewable energy sources, such as photovoltaic (PV) systems, wind turbines
or energy storage systems, into AC power that is suitable for use in MGs. An MG’s GTO switch failure
(GSF) in three-phase (3Ph) VSI can result in several issues, such as diminished power production, safety
issues, unstable voltage and frequency, loss of grid connection, overcurrent or overvoltage situations, and
operational downtime. Minimizing the impact of such issues on MG operations requires careful
maintenance, monitoring, and fault detection techniques. An approach to determine GSF in a PV system-
connected 3Ph VSI for the MG application is demonstrated in this study. To identify GSF, a Fast Fourier
Transform (FFT) based analysis of the 3Ph VSI’s output current signal has been conducted.
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1. INTRODUCTION

With the incorporation of renewable energy sources
(RESs), microgrids (MGs) [1, 2] have become a
significant advancement in contemporary power
systems. MGs make the electricity system more
ecologically friendly and sustainable by utilizing
renewable energy sources (RESs) and encouraging
energy efficiency. Toincrease energy resilience,
encourage self-sufficiency, and encourage
environmental stewardship, PV systems [3] are crucial
parts of MGs. They provide a clean, dependable, and
sustainable source of electricity. By producing power
throughout the day, when demand is frequently
highest, PV systems can assist in reducing peak
demands within the MG. As a result, there is less need
to use the main grid to obtain power during peak
hours, which lowers electricity bills and eases the
burden on the grid.

Advanced semiconductor devices, low volume, and
reasonable pricing are driving an increase in the use of
power electronic converters [4]. VSIs [1] are essential to
microgrid systems because they improve their
efficiency, stability, and capacity to incorporate RESs.
MGs frequently run in two modes: grid-connected, when
they are synchronized with the main grid, or islanded
when they are not linked to it. VSIs regulate power flow
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and uphold grid stability when connecting or detaching
from the main grid, making it easier for the grid to
switch between different modes smoothly. VSIs are used
in the great majority of applications [5]. The DC output
from RESs is converted to smoother AC electricity by a
VSI [1, 6, 7]. For the VSI to adjust its output power
following network requirements, a controller is also
required [8, 9].

GTO-enabled microgrid inverters (MGIs) are used in
both off-grid and grid-tied microgrid situations. MGIs
using GTOs [10] as switches are utilized for high-
power region applications. GTOs are appropriate for
high-power applications because they have high current
and voltage ratings.

I. Jlassi et al. in [11] proposed VSI's IGBTs and
current sensors failure detection for PMSM drives. S.S.
Ghosh et. al demonstrated the process for identifying
IGBT switch failures in voltage source converter (VSC)
in [3, 12]. X. Guo et al. in [13] presented an effective
diagnostic method for the current source inverter (CSI)
short circuit failure (SCF). M.T. Fard et al. introduced
open circuit failure (OCF) in the CSI [14]. In 2020,
J. Zhang et al. presented a unique technique for
identifying OCF in the grid-side converters (GSC) single
and double IGBT modules [15]. In 2024, authors
illustrated the IGBT switch fault in bidirectional MGI
[16]. For an islanded inverter, S.F. Zarei et al. [17]
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identified an SCF detection method.

The identification of GSF in a 3Ph VSI of MG has,
however, received little attention. This study suggests
a novel method for GSF detection in 3Ph VSI of MG.
With the use of the Fast Fourier transform (FFT) [3,
18, 19], the GSF has been determined. The FFT is a
potent technique for frequency domain analysis of
signals in electrical fault investigation.

This investigation has assessed the 3Ph VSI's
output current to find GSF. The FFT has been
employed on VSI’s output current to monitor several
metrics, comprising the DC component (DCC),
fundamental component (FC), total harmonic distortion
(THDc), and sub-harmonic currents (SHMCs), in order
to determine the GSF.

The article is arranged as follows. Section 2
illustrates the PV system-linked GTO-based 3Ph VSI of
MG. Section 3 includes the issue statement. Section 4
describes the approach for identifying GSF. Sections 5
and 6 address the results with discussion and an
algorithm to detect GSF, respectively. Section 7
illustrates comparative studies. In Section 8, the
conclusions are outlined.

2. GRID-CONNECTED GTO-BASED VSI

A schematic of the grid-connected PV system, a DC-
DC boost converter (DBC) operated by Maximum
Power Point Tracking (MPPT), a DC-link, 3Ph VSI, and
VSI controller is shown in Fig. 1. Here, a PV system of
100 kW 1is taken into consideration for modelling
reasons. The PV system is linked to the main grid of 25
kV. The PV system and grid are connected via a 3Ph
VSI alongside a DBC. The MPPT [3] system allows for
the automated modification of the duty cycle in order to
provide the necessary voltage for the generation of the
most power. To provide consumers with a dependable
power supply, VSI controllers need to monitor voltage
and frequency [1, 20].

MPPT Vsl
Controller

Controller
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ARRAY Inverter
| Converter (vs)
y
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Fig. 1 — Schematic of the grid-connected PV system, a DC-DC
boost converter (DBC) operated by Maximum Power Point
Tracking (MPPT), a DC-link, 3Ph VSI, and VSI controller

To ascertain whether GSF is present in the VSI, the
VSI’s output current has been thoroughly monitored at
normal and during various percentages of GSF (%GSF)
conditions.

3. DESCRIPTION OF THE PROBLEM

In this research, the PV system and the electric grid
are linked together through GTO-based 3Ph VSI. For
fault analysis, the GTO switch fault of the VSI is
factored in. The fault situation pertaining to the GTOs
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in the inverter circuitry is referred to as GSF. During
the GSF the effective internal resistance of the GTO
switch changes. Depending on the fault's severity and
the configuration of the system, a GSF in the inverter
can have several effects. The issue is defined as a
condition that, after the failure, leaves the circuit open.
The GTO switch itself may malfunction for several
causes, including ageing, overvoltage, overcurrent, and
overheating.

A VSI's GSF can result in a variety of unfavourable
outcomes, such as distortions of the voltage and current,
overvoltage or undervoltage situations, overcurrent,
thermal stress, loss of control, system outages, and
safety hazards.

Consequently, it is crucial to identify GSF swiftly
and efficiently. Furthermore, an effort was undertaken
in this study to detect the gradual rise in VSI’s GSF. It is
important to note that the system characteristics and
the extent of faults can only be determined by the
designer of the system.

VSI systems may include preventative measures like
defect detection algorithms to lessen the impact of GSF
which can ensure the VSI system’s dependable and
secure functioning.

4. DIAGNOSIS OF FAULTS BASED ON FFT

Abrupt variations in voltage, current, or frequency
are common signs of failures in electrical systems. It is
possible to identify these variations and identify the
underlying problems in the system by employing
Fourier Transform (FT) or Fast Fourier Transform
(FFT) [3, 16, 18, 19] to analyze the frequency content of
signals. FFT’s computing efficiency makes it the
preferred method in practice, particularly for digital
signal-processing applications. As it is substantially
quicker than the regular FT and efficiency-optimized,
the FFT is appropriate for real-time signal processing
and analysis [3].

In order to identify GSF in VSI, this study closely
examines the VSI's output current. Many metrics
associated with the VSI’s output current such as DCC,
FC, THDc, and SHMCs, have been monitored based on
the FFT to find the GSF issue.

4.1 Pattern Creation using FFT Integration

Under typical working conditions and at different
%GSF, the collected output current of VSI has been
subjected to FFT analysis.

The VSI's collected output current is shown in
Fig. 2. In Figure 3, the FFT window of the acquired
output current of the VSI is shown. In Figure 4, the
output current of the VSI is shown in the FFT window.
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Fig. 2 — Collected output current signal of VSI
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Fig. 4 — Spectrum of the VSI’s output current

4.1 Retrieving of Low-Frequency Characteristics
4.2.1 Analysis of the DCC

FFT-based analysis has been used to recover the
DCC of the captured output current of VSI's for a range
of percentage fault levels of the GSF (%GSF).
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Fig. 5 — DCC versus %GSF

Fig. 5 suggests that the DCC and GSF are not
statistically associated with one another. As a result, this
characteristic cannot be used to identify GSF in the VSI.

4.2.2 Analysis of the FC

To extract the fundamental frequency component from
the VSI’s output current signal, FC analysis is done based
on FFT. Here, the amplitude and phase information from
the FC is obtained using the FFT results.

The FC values, which have been derived from the
VSI’s output current for various %GSF numbers, are
displayed in Fig. 6.

The FC of the VSI's output current and the different
%GSF are not adequately related, as a graphic study of
Fig. 6 makes evident. Consequently, it is not practical
to use this feature to identify GSF in the VSI.
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Fig. 6 — FC versus %GSF

4.2.3 Analysis of THD¢

The harmonic content of a signal is measured by

THD [3, 16]. THD of the current signal can be
expressed as the following [16]:
2412+ I?
THD, (%) = Y2" 3}’ 100 o)
1

where, the fundamental frequency’s root-mean-square
(RMS) value is represented by I1 and the RMS values of
each individual harmonic component are termed as Ia,
I3, ..., In. As seen in Fig. 7, it displays the THDc
readings for the investigation of GSF were obtained for
different %GSF in VSI.
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Fig. 7—THDc (%) versus %GSF

It shows that THDc(%) values fluctuate along with
changes in GSF percentage values.

Furthermore, the graphical examination of Fig. 7
provides inadequate validation for the GSF diagnosis.

4.2.4 Analysis of Subharmonic Currents (SHMCs)

Additionally, the SHMCs have been obtained from the
acquired output current of the VSI. The obtained signal's
SHMCs have all been carefully examined for varying
%GSF  values. Figure 8 illustrates that when the
percentage of GSF increases, all SHMCs values change.

Upon closely examining Figure 8, it becomes
evident that the subharmonic component of the VSI's
output current at 45 Hz, denoted as I at 40 Hz,
decreases gradually until the percentage GSF reaches
20 %. So, this statistical feature can be employed for
the detection of GSF in VSI.
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Fig. 8 - SHMCs versus %GSF

5. RESULT AND DISCUSSION

This study's initial phase involved FFT-based signal
monitoring for many metrics, including the DCC, FC,
THDc, and SHMCs of the output current of the 3Ph
VSI. However, only the subharmonic component of the
VSI's output current at 45 Hz, indicated as I at 40 Hz,
progressively drops until the percentage GSF hits
20 %, as can be seen from the graphical analysis of
Fig. 8. Thus, it is shown that GSF (up to 20 % of GSF)
in VSI may be identified simply by continuously
monitoring the SHMC, I at 40 Hz. Also, the percentage
of GSF in the VSI can be calculated using the
recommended approach.

6. ALGORITHM FOR GSF IDENTIFICATION

The following is a GSF detection algorithm:

(a) First, obtain the output current of the VSI.

(b) Considering the VSI's output current, find I at
40 Hz through FFT.

(c) Inspect the data of SHMC, I at 40 Hz.

(d) Check to find out whether GSF is present.

7. COMPARISON ASSESSMENT

inverter
suggested

A comparative analysis of several
defect identification methods with the
approach is illustrated in Table 1.
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InenTudikamnia mecupasuocri nepemurkauya GTO B inBepTOpi Hixepesia Hanpyru B
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S.S. Ghoshl, S. Chattopadhyay?, S. Das3, A. Das3, G.R.K. Prasad4, A. Das!

1 Department of Electrical Engineering, Jadavpur University, Kolkata, West Bengal, India
2 Department of Electrical Engineering, GKCIET, Malda, West Bengal, India
3 Department of Electrical Engineering, IMPS College of Engineering and Technology, Malda, West Bengal, India
4 Department of Electronics and Communication Engineering, Koneru Lakshmaiah Education Foundation, Green
Fields, Vaddeswaram, A.P. — 522302, India

Mikpomepesxesi imBepropu (MGI), mo BHUKOPHCTOBYIOTHL TexHOJOTI0 3aTBopHOro tupucropa (GTO),
BUKOPHCTOBYIOTHCSA y MEPE/KeBMX BHYTPIIIHIX Ta 30BHIMIHIX Mikpomepeskax (MG) , me BOHM BaiKJIMBI I
KepyBaHHsA IIOTOKOM eJIeKTPOeHepril Ta MmATpuMku crabiibHocTi cuceremu. 3aatHicts GTO Burpmmysatu
BHCOKI HATIPYTH Ta CTPYMH Mae BUPINIAIbHE 3HAYEHHS B CHCTEMAaX II€PETBOPEHHS eJIEKTPOeHeprii, skl
noTpedyIoTh 3HauHuX piBHIB noryskHOocTi. GTO B iHBepTOpax mxepesn Hanpyru (VSI) BUKOPHUCTOBYIOTHCS st
TEePETBOPEHHSI eJIeKTPOeHeprii TMOCTIHOTO CTPyMy 3 BITHOBIIIOBAHUX JIKepeJsl €eHepril, TakuxX K
doroenexrpuuni (PV) cucremu, BiTpsiai TypOiHE 260 CHCTEMHU HAKOITMYEHHS eHeprii, y MOTYKHICTh 3MIHHOTO
cTpymy, sKa miaxonuth s Bukopucranus B MG. 36ii nepemuraya GTO (GSF) MG y Tpudasuomy VSI
MOKe IIPHU3BECTH A0 KIJIbKOX IIPo0JIeM, TAKUX SK 3HIUKEHHs BHPOOHUIITBA €JIEKTPOeHeprii, mpobiemMu 3
Oeamexor, HecTablIbHA HAMPYTa Ta YacToTa, BTPAaTa 3'€IHAHHS 3 MEePEeskelo, CUTYallll IepeBaHTAKEeHHs 110
cTpyMy a0 mepeHAaIpyrd Ta IPOCTol B PoOoTi. 3BedeHHs 0 MIHIMYyMy BILIMBY TaKHX IIpo0JeM Ha poboTy
MG BuMarae peresbHOrO 00CIyTOBYBAHHS, MOHITOPHHTY T4 METOMIB BUSBJICHHS HECIPABHOCTEH. ¥ IIHOMY
IOCJTIIPKeHH] IIPOAeMOHCTPOBAHO miaxia g0 BusHaveHHs GSF y migrimodenii 10 oTOEIEKTPUIHOI CHCTEMU
3Ph VSI s sacrocyBanusa MG. o6 inearudikysatu GSF, 6yio mpoBemeHo aHasi3 BUXITHOTO CTPYMOBOTO
curunairy 3Ph VSI Ha ocHoBi mBuakoro nepersoperus Oyp’e (IITID).

Kmiouosi cmosa: Illsuake mepersBopenns Dyp'e, Bussmenma wmecmpasmocreir, GTO, Mikpomepeska,
®DoroesekTpruHa cucremMa, [HBepTOp mxepesa Hanpyru, VSI.
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