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Metal-Oxide-Semiconductor Field-Effect Transistors (MOSFETs) are essential components of
conventional power electronic converters used in microgrid (MG) inverter systems because of their
efficiency, quick switching, and compact size. Microgrid inverters (MGIs) are vital to distributed energy
systems (DESs), converting DC electricity from renewable sources into AC. An H-bridge inverter (HBI) in
MG operation permits bidirectional power flow, enabling both grid-tied and independent operation. A
MOSFET fault in SPHBI may cause a change in the MOSFET's effective resistance (MER). Reliability,
safety, and performance of the MG system can all be negatively impacted by MOSFET failures in an H-
bridge inverter. An effective fault detection system should be included in the MGI to lessen the impact of
MOSFET failures. An approach to detecting a prompt MOSFET switch failure (MSF) in a single-phase H-
bridge MG inverter associated with a photovoltaic (PV) system is presented in this article. To identify
MSF, the SPHBI’s output current was analyzed using the Fast Fourier Transform (FFT). For varying fault
levels, the effects of MSF on the DC component (DCC), fundamental current component (FCC), Total
Harmonic Current Distortion (THCD), and subharmonics (SHs) have been studied. Based on the best-fit
attributes, an attempt has been made to successfully recognize the MSF that also enables the
measurement of MER during MSF. Furthermore, an algorithm for MSF detection has been suggested.
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1. INTRODUCTION

MGs are significant in the power system since they
can increase resilience, integrate renewable energy,
improve efficiency, and provide localized solutions for a
multitude of applications and scenarios. MG is made
up of distributed energy systems (DESs) [1], including
renewable energy sources, energy storage systems [2],
and advanced control systems. MGs can improve
energy reliability and safety by lowering their reliance
on centralized power plants and conventional fossil
fuels by integrating PV systems [3].

Domestic microgrids (DMGs) [4, 5] are becoming more
widely available due to technological developments and
growing support for DESs. With DMG, households can
continue to be linked to the main power grid but yet
generate, store, and manage their energy. Power
electronic converters [6], which offer the flexibility and
control necessary to effectively manage a variety of energy
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sources and loads within a confined and frequently
dynamic energy system, are crucial parts of MGs.

Voltage source inverters (VSIs) are used in most
applications [7]. The integration of renewable energy
sources and the smooth transition between grid-tied and
islanded modes of operations are made possible by the
flexibility and control that HBIs offer in MG applications.
Compared to a VSI, HBI has numerous features [8].

The number of output phases in an inverter might
vary. Perhaps the most often utilized inverters are
single-phase and three-phase versions [9]. For various
switching devices, VSIs employ a pulse width
modulation (PWM) approach to create the continually
changing analog signals effect [9]. Power
semiconductor switches, such as MOSFETs, IGBTs,
and BJTs, are typically used in inverters to achieve
PWM to obtain the output in AC [9].

Fast switching speeds of MOSFETSs enable inverters
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to operate at high frequencies. This high switching
frequency aids in lowering the weight and size of the
inverter’s parts while also increasing power conversion
efficiency. So, fault-free operation of the inverter is very
much needed. Compared to other inverter components,
power MOSFETSs [10] have a significantly higher failure
rate. Power components like MOSFETs and IGBTs are
responsible for 21 % of converter failures [11, 12].

An efficient diagnostic technique for short circuit fault
(SCF) in a current source inverter (CSI) is suggested by X.
Guo et al. in [13]. The authors in [14] introduced a single
OCF in the matrix converter system’s (MCS) bidirectional
switch. The OCF in the CSI was presented by M. T. Fard
et al. in [15]. S. F. Zarei et al. [16] described a short circuit
failure (SCF) identification approach for an islanded
inverter. S. S. Ghosh et al. in [12, 17] demonstrated the
IGBT switch’s failure identification process in the voltage
source converter (VSC). In 2020, J. Zhang et al. presented
a unique technique for identifying OCF in wind power
converters (WPCs) [18].

Regardless, minimal attempts have been made to
detect MOSFET switch failure (MSF) in a single-phase
H-bridge inverter (SPHBI) in MG operation. An
innovative method for identifying MSF in SPHBI is
presented in this article. The Fast Fourier transform
(FFT) [19, 20] has been employed for determining the
MSF. In electrical signal analysis, FFT [19, 20] can be
potentially utilized to identify faults.

The output current of the SPHBI has been
evaluated in this article to determine MSF.
Several features, including the DC component (DCC),
fundamental component (FDC), total harmonic current
distortion (THCD), and sub-harmonics (SHs) of the
SPHBI’s output current, have been observed using the
FFT to diagnose the MSF.

The following is an outline of the article. Section 2
illustrates the PV system connected to SPHBI. The
issue statement is presented in Section 3. Section 4 has
provided an overview of the failure assessment process.
In Sections 5 and 6, respectively, specific outcomes and
an MSF detection algorithm have been discussed.
Comparative studies have been illustrated in Section 7.
Section 8 provides a summary of the conclusions.

2. GRID-TIED MOSFET-BASED SPHBI

The main grid-tied DMG PV system, which consists of
a Maximum Power Point Tracking (MPPT)-
driven DC/DC boost converter (DDBC), a DC-link, a
bidirectional DC/DC converter (BDC), a battery storage
system, household electric loads and an SPHBI, is
schematically shown in Fig. 1. The DMG’s PV system is
connected to a 66 kV grid and has a rating of 3.5 kW.
To harvest the maximum power possible from the PV
system, the DDBC employs the MPPT control. The
value of the residential loads is 10 kW.

To determine the existence of MSF in the SPHBI,
the output current of the SPHBI has been closely
observed under both normal and at different MSF
percentages.
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Fig. 1 — Schematic diagram of the main grid-tied domestic
MG PV system, an MPPT-driven DC/DC boost converter, a
DC-link, a bidirectional DC/DC converter, a battery storage
system, household electric loads and an SPHBI

3. PROBLEM DESCRIPTION

In this investigation, the DMG's MOSFET-based
SPHBI is connected to the PV system and the utility
grid. Fault investigation considers the MSF of the
SPHBI. An unforeseen issue is the MSF in SPHBI.
An SPHBI’s MSF can cause many problems with the
device’s functionality as well as variations in the
effective resistance value of the MOSFET. The issue
is referred to as one that causes the circuit's path
to open after a certain percentage of MSF (% MSF).
The MOSFETSs can be stressed to the point of failure
by overcurrent, overvoltage spikes, voltage
transients, undervoltage, or overheating situations.
Wear and ageing of MOSFETSs over time can result
in a drop in performance and a higher chance of
failure.

The performance of the entire system, including the
inverter, can be negatively impacted by MSF. Fast and
precise fault detection should be incorporated into
MOSFET-based inverters to lessen the impact of MSF.

Thus, in this work, an effort was made to identify
MSF in SPHBI and to determine the progressive change
in the MER value within the SPHBI during the MSF.

4. FFT-ORIENTED FAULT DETECTION

The Fourier Transform (FT) and FFT [17, 19, 20]
are effective techniques for electrical signal analysis,
especially when it comes to problem identification and
diagnostics. An analysis of a signal's frequency
components is made possible by FFT, which converts a
time-domain signal into its frequency-domain
representation. The FFT has a faster rate than the FT
[17]. So, FFT may be used in real-time monitoring
systems to analyze electrical signals continuously.

In this investigation, the output current of the
SPHBI is closely analyzed to discover MSF. Several
metrics relating to the SPHBI’s output current, such as
the DCC, FDC, THD, and SHs, have been tracked
based on the FFT to recognize the MSF.

4.1 FFT-Oriented Pattern Synthesis

FFT analysis has been performed on the acquired
SPHBI's output current signal at typical working
situations as well as during different MSF percentage
levels (%MSF).
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Fig. 2 displays the collected output current of the
SPHBI. The FFT window of the collected SPHBI’s
output current is displayed in Fig. 3. Fig. 4 illustrates
the SPHBTI’s output current signal spectrum.
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Fig. 2 — Collected SPHBI’s output current signal
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Fig. 3 — FFT window of the collected SPHBI’s output current
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Fig. 4 — SPHBI’s output current signal spectrum

4.2 Retrieval of Low-frequency Characteristics
4.2.1 Evaluation of DC Components (DCC)

For various percentage fault values of the MSF
(%MSF), the DCC of the collected SPHBI’s output
current has been recovered using FFT-based analysis.

It may be inferred from Fig. 5 that there is no direct
relationship between the DCC and MSF. Therefore,
MSF in the SPHBI cannot be identified using this
attribute.
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Fig. 5 — DCC versus %MSF

4.2.2Evaluation of the FDC

FFT is implemented to the collected SPHBI’s output
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signal to obtain its fundamental frequency component.

Fig. 6 shows the FDC values, which were calculated
from the SPHBI’s output current for different %MSF
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Fig. 6 - FDC versus %MSF

A graphic inspection of Fig. 6 makes it abundantly
evident that there is an improper correlation between
the different %MSF values and the FDC of the SPHBI’s
output current. Therefore, it is not viable to utilize this
characteristic to detect MSF in the SPHBI.

4.2.3 Evaluation of the THCD

A signal’s harmonic content is quantified by THD
[17, 19, 20]. A current signal’s THD is known as Total
Harmonic Current Distortion (THCD).

THCD may be expressed using the following:

THCD(%) = " %100 (1)

where, I1 is the fundamental frequency’s RMS value
and the RMS values of each harmonic element are I,
I3, ..., In. Fig. 7 illustrates the THCD values that were
obtained for the investigation of MSF at different fault
levels of MSF in SPHBI.
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Fig. 7- THCD(%) versus %MSF

As the percentage of MSF in the SPHBI rises to
10%, it shows that the THCD(%) value also increases.
But following that, the THCD(%) number gradually
decreases as %MSF rises to 15 %. Then, the value of
THCD(%) increases after 15 % of MSF and continues to
do so until the MSF value becomes 20 %. Consequently,
the graphical analysis of Fig. 7 lacks strong support for
the MSF diagnosis.
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4.2.4 Evaluation of Subharmonics of Current

Sub-harmonics (SHs) have been extracted from the
recorded SPHBI’s output current. Each subharmonic
component of the acquired signal has been closely
inspected for different % MSF values. As the amount of
% MSF increases, all sub-harmonic values change
simultaneously, as seen in Fig. 8.
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Fig. 8 — SHs versus %MSF

5. SPECIFIC RESULTS

Several metrics, including the FDC, THCD, and
SHs of the SPHBI’s output current, were monitored
using FFT-based signal processing in the first phase of
this work. Nevertheless, these evaluations are unable
to produce any useful findings that might be used for
the identification of MSF in SPHBI. Concurrently, the
mean values (MNV) and standard deviation values
(STDV) for the variance in values of all the SHs for
different %MSF have been obtained as presented in
Fig. 9.
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Fig. 9 — MNV and STDV of the SHs versus %MSF
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TTospoBi Tpansucropu meras-okcua-Harisnpoigauk (MOSFET) e BaskimBuMy KOMIIOHEHTAMY 3BUYAMHUAX
CHJIOBUX €JIEKTPOHHUX II€PeTBOPIOBAYIB, SIKI BUKOPHUCTOBYIOTHCS B IHBEPTOPHMX cucreMax Mikpomepeski (MG)
3aBIAKK X edeKTUBHOCTI, IMBHUIKOMY IIEPEMUKAHHIO Ta KOMIIAKTHOMY poaMipy. MikpoMepeskeBi iHBepTOpH

JKUTTEBO

MGI) e

BaKJIMBUMHA  OJId pOSHOZ[iJ'IeHI/IX €HepPreTu4YHuX

cucrem (DES), mnepersopiowoun

€JICKTPOEHEPril0 IIOCTIAHOTO CTPYMy 3 BIJHOBJIIOBAHMX pKepes y 3MmiHHy. H-mocrosuit imBeprop (HBI) y
pesknvi MG 3a0esriedye MBOHAIpPABJIEHUM IIOTIK €JIEKTPOEHEPTil, 3a0eslmeuyoun K IIPUB A3aHy 10 MEperki,
Tak 1 HesaseskHy pobory. Hecmpasuicte MOSFET y SPHBI moske cupwumauTi 3MiHY €eKTHBHOTO OIIOPY
MOSFET (MER). Ha mamitiaicts, 6e3mexy Ta IpoayKTHUBHICTE cucteMu MG MOsKyTh HEraTUBHO BILIMHYTH 3001
MOSFET B H-mocroBoMy iHBepTOopi. EdexTuBHA cHcTeMa BHUABJIEHHA HECIPABHOCTENM MOBUHHA OyTH
BrioueHa B MGI, mo6 smenmmy Brums 360iB MOSFET. V 1miit craTTi mpeicTaBieHo MmMIxXig 0 BUSBICHHS
meuakol Bigmosu nepevukada MOSFET (MSF) B oxmodasuomy H-mocroBoMy imBepropi MG, mos’s3anoMy 3
dotoenerrpruron (PV) cucremoro. o6 imentudirysaru MSF, Buxinawuit crpym SPHBI 6ys npoanasizoBanmit
3a goromoromo mBuakoro mepersoperts Oyp’e (FFT). st pisHux piBHIB HECIIPABHOCTI 0YJI0 BUBYEHO BILJIUB
MSF ma wxommonent mocrifitoro crpymy (DCC), dyumamenrampauit kommonent crpymy (FCC), mosme
rapmownitiae crotBopenHs crpymy (THCD) i cybrapmonixu (SHs). Ha ocnoBi mHaidkpamumx atpubyti Oyiia
3pobsteHa cpoba yermirrao poamisuata MSF, mo takosx mossossie BumiproBat MER min wac MSF. Kpim Toro,

3aIPOIIOHOBAHO anroputM BusiBienas MSF.

Kmiouosi ciosa: Illsuake mepersopenns Dyp'e (FFT), Imemtmdikaiisa HecmpasHocreir, H-mocToBMiA
imBepTop (HBI), Mikpomepe:xa (MG), MOSFET, ®otoesrekrpruna cucrema.
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