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In contemporary power electronics, Insulated Gate Bipolar Transistors (IGBTs) are extremely important
for various reasons. IGBTs serve as vital components in microgrid inverters, providing the switching
capabilities required to transform DC electricity from renewable sources into high-quality AC power for
microgrid (MG) applications. A bidirectional inverter (BDI) is an essential component of a microgrid,
allowing for the smooth integration of distributed energy resources (DERs) and supporting both grid-
connected and islanded operations. In a bidirectional DC/AC inverter (BDAI), IGBTs play an important role
in managing the flow of electricity in both directions. The consequences of bidirectional inverter’s IGBT
failures on a microgrid might vary from small power quality concerns to more serious interruptions in
stability and system performance. Therefore, IGBT should operate without failure. This paper illustrates a
method for identifying an early IGBT switch failure (ISF) in a bidirectional microgrid inverter that is linked
to a photovoltaic (PV) and battery energy storage system (BESS). An analysis of the inverter output current
signal using the Fast Fourier Transform (FFT) has been undertaken to discover faults. Afterwards, the
impacts on the DC, fundamental current component, and harmonic distortions have been investigated for
various levels of fault. A successful detection of the ISF has been attempted, based on the best-fit features.
An ISF detection algorithm also has been proposed.
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1. INTRODUCTION

Microgrid (MG) is a localized collection of electrical
sources and loads that can function independently or in
cooperation with the main power grid. MGs rely
significantly on distributed energy resources (DERs) [1]
to work properly. In contrast to a centralized paradigm
where electricity is created at a big, frequently remote
facility and transferred over long distances to end-users,
DERs refer to a decentralized strategy for generating and
supplying energy. A popular and successful strategy for
developing a dependable and adaptable energy solution
is combining photovoltaic (PV) systems [2] with battery
energy storage systems (BESS) [3].

The use of power electronic converters is growing as
a result of semiconductor device advancements, low
volume, and affordable prices [4]. The vast majority of
applications utilize voltage source inverters (VSIs) [5]. In
MGs, to improve power controllability and energy
efficiency many applications employ bidirectional
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inverters (BDIs) that are capable of transferring power
into or from the AC mains [6, 7]. The high-power
handling capabilities, efficiency, and diversity of IGBTs
[8] across a wide range of applications make them
indispensable in today's power electronics and greatly
contribute to the development of dependable and energy-
efficient electronic systems.

Voltage source converters (VSCs) are now being
utilized in a lot of HVDC systems [9, 10]. In 2012, K.
Nguyen-Duy et al. presented a single open circuit fault
(OCF) in the bidirectional switch of the matrix converter
(MC) system [11]. The authors of [12] propose a rapid
diagnostic method for OCF in a nonsensical inverter. A
novel method for detecting OCF in the single and double
IGBT modules of grid-side converters (GSC) was proposed
by J. Zhang et al. in 2020 [13]. M. T. Fard et al. in [14]
presented the OCF in the current source inverter (CSI).
Methods for identifying OCF in the IGBT-based inverter
were presented by S.S. Moosavi et al. in 2019 [15]. A short
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circuit failure (SCF) detection technique for an islanded
inverter was presented by S. F. Zarei et al. [16]. In 2024,
the authors illustrated the failure recognition
methodology of the IGBT switch in VSC [17].

However, there have been no noteworthy attempts to
identify early IGBT switch failure (ISF) in a bidirectional
inverter of MG. This paper proposes a unique approach
for detecting early IGBT switch failure (ISF) in BDAIs.
The ISF has been identified using the Fast Fourier
transform (FFT). FFT [8, 18, 19] belongs to the frequency-
domain analysis category. The frequency-domain
analysis 1s more accurate than the time-domain analysis
in differentiating between various transitory forms.

In this article, a bidirectional DC/AC inverter’s
output phase current has been acquired to identify
ISF. To diagnose the ISF, a variety of parameters
have been monitored using the FFT, including the DC
component (DCC), fundamental component (FC), total
harmonic distortion (THD), and sub-harmonics
(SHCs) of the output current of the BDAI.

The article is organized in the following manner.
DERs linked to BDI are illustrated in Section 2. Section
3 presents the issue statement. In Section 4, the failure
recognition methodology has been presented. Specific
outcomes and comparative learning have been
discussed in Section 5 and Section 6 respectively. The
conclusions are outlined in Section 7.

2. DISTRIBUTED ENERGY RESOURCES
LINKED BIDIRECTIONAL DC/AC INVERTER

Fig. 1. depicts a schematic representation of the grid-
connected PV system, including a unidirectional DC/DC
converter (UDDC), a bidirectional DC/DC converter
(BDDC), a BESS, and a bidirectional DC/AC inverter
(BDAI). The PV system has a 100.7 kW rating and is
linked to a 66 kV grid. A DC/DC converter has been
employed to connect the PV system to the HVDC bus.
The UDDC is used by the Maximum Power Point
Tracking (MPPT) control to extract the maximum
amount of power from the PV system. A controller that
combines a Battery Control System and a Power
Conditioning System is also employed here.

To identify ISF in the BDAI, the BDAI's output
current has been thoroughly monitored for both normal
and faulty circumstances of the IGBT switch.

PV
SYSTEM

Fig. 1 — Schematic diagram of the grid-connected PV system,
including a unidirectional DC/DC converter (UDDC), a
bidirectional DC/DC converter (BDDC), a BESS, and a
bidirectional DC/AC inverter (BDAI).

The BDAI's output current has been measured
under typical circumstances and at various failure
percentages (%) of the ISF.
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3. ISSUE STATEMENT

In this study, the IGBT-based BDAI is linked to
DERs and the electric grid. The BDAI's IGBT switch
fault is taken into account for fault analysis. A very
unexpected issue is the IGBT switch fault. The
problem is characterized as one that leaves the path
open following the failure. It may happen as a result
of an excessive current increase that raises the
temperature and causes IGBT switch burnout also it
may happen as a result of a voltage spike that breaks
down insulation. It breaks the circuit that alludes to
opening the passage in both situations.

IGBT switch protection is very complicated and
challenging, which means that when a fault occurs, the
heat accumulation during the desaturation phase can
destroy it. The developing defect in the very initial
phases of an IGBT switch malfunction, the current rate is
essentially unrestricted [9].

As a result, rapid and successful identification of ISF
is extremely important. Therefore, an attempt was made
in this study to discover the progressive increase in
BDAI's IGBT switch failure. It should be emphasized that
the designer's selection determines both the amount of
defects and the system parameters. ISF detection is
essential for preventing damage to the system.

4. FFT-BASED FAULT DIAGNOSIS

The Fourier Transform (FT) and Fast Fourier
Transform (FFT) [18] both are mathematical methods
that convert a function of time into a function of
frequency. One essential tool for signal processing is the
FFT, which makes it possible to analyze and manipulate
data in the frequency domain effectively. Compared to
the FT, the FFT is quicker [8]. To analyze a signal's
frequency content and facilitate the identification of
particular elements or patterns, FFT is useful.

The BDAI's output current is carefully examined in
this investigation to detect ISF in BDAI. To identify the
ISF problem, a variety of metrics related to the output
current of the BDAI have been observed based on the
FFT, including the DCC, FC, THD, and SHCs.

4.1 FFT-Integrated Pattern Creation

The BDAI's collected current signal has undergone
FFT analysis in both standard operating conditions
and at various ISF percentage levels (% ISF). The
analysis to identify the ISF in BDAI utilizes the
collected signals of the BDAI output current and the
BDAI’'s captured current signal’s FFT window,
respectively, as shown in Figs. 2 and 3.
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Fig. 2 — Captured output current signal of BDAI
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Fig. 3 — FFT window of BDAT’s output current
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Fig. 4 — Signal spectrum of the BDAI’s output current

4.1 Extractions of Low-Frequency Features

4.2.1 Assessment of Fundamental Current
Component (FCC)

FCC analysis in the context of FFT is the technique of
obtaining the fundamental frequency component (FFC)
from an electrical signal. The FFT findings are used here
to retrieve the FCC's amplitude and phase information.

The fundamental element has been derived from the
BDAI output current for various ISF percentage values
in BDAI, and it is displayed in Fig. 5.

Graphical analysis of Fig. 5 clearly illustrates that
the principal frequency component of the BDAI’s output
current and the various percentage values of the ISF are
not properly correlated. So, this feature cannot be
employed to identify ISF in the BDAL.

—o—] at 50Hz

nt of BDAI's

¥

tal Cc
Output Current, I (50 Hz)
£

0 2 4 6 8 10
% ISF

Fig. 5 — FCC versus % ISF

4.2.2 Comprehensive Analysis of THD

THD [18] is a measure of the harmonic content present
in a signal. The following can be used to express THD:
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[ R o )

THD (%) = " %100
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Here, I and Db, I5,...... , In are the root-mean-square
value (RMS) value of the fundamental frequency and the
RMS values of every separate harmonic element. The THD
values for the analysis of ISF have been retrieved for
various percentages of ISF in BDAI, as shown in Fig. 6.
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Fig. 6 — THD (%) versus % ISF

It illustrates that although ISF percentage values
vary, THD(%) values remain constant up to 2% of ISF.
An additional finding from Fig. 6 indicates that the
THD(%) value increases along with the percentage of
ISF in BDAI up to 3%. However, the THD(%) value
steadily drops until 4% of ISF after 3% of ISF. Following
4% of ISF, the THD(%) value rises once again until the
ISF value reaches 9%. Additionally, the graphical
evaluation of Fig. 6 does not offer substantial evidence
for the diagnosis of ISF.

4.2.3 Assessment of Current Subharmonics

From the recorded BDAI output current, sub-
harmonics (SHCs) have also been retrieved. From the
collected signal, every subharmonic component has been
carefully examined for various ISF percentage values.
Fig. 7 demonstrates how all sub-harmonic values vary
in tandem with an increase in the percentage of ISF.
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Fig. 7 - SHCs versus % ISF
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5. SPECIFIC OUTCOME

The early portion of this study comprised FFT-based
signal monitoring for several parameters such as the FCC,
THD, and SHC of the BDATI’s output current. However, no
meaningful results from these assessments can be
achieved that may be utilized to detect ISF in BDAI.

Meanwhile, the standard deviation values (SDV) and
mean values (MV) for the variation in values of all the
sub-harmonics for various ISF percentages have been
acquired and are shown in Fig. 8 for ISF analysis.
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Fig. 8 - MV and SDV of the sub-harmonics versus % ISF

From the graphical assessment of Fig. 8, it can be
clearly observed that the SDV of the sub-harmonics
obtained from the BDAT’s output current increases to 3% of
ISF thereafter it decreases as the ISF increases to 10%. As
a result, it can be discovered that the earlier identification
of ISF (up to 3% of ISF) in BDAI is only achievable by
closely monitoring the SDV of the subharmonics.
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6. COMPARATIVE LEARNING

Table 1 presents a comparison investigation of
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Table 1 — Comparative Analysis
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[11],[12] OCF in MC and No
nonsensical
inverter
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inverter
Proposed ISF in BDAI Yes
method
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OneparusHa ineurudikania HecupasHocti nepemuxkada IGBT y nBomanpasieunomy
MiKpoMepe;KeBOMY iHBEpPTOPi, MOB’A3aHOMY 3 PO3MOIJIEHMMHU €HEPreTUYHNMHU PeCcCy pcaMu
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V cyuacHiit cusioBif eJIeKTPOHIII OimossApH] Tpauaucropu 3 i3ospoanuM 3arsopom (IGBT) manseuuaitno
BaskuBi 3 pisaux npuunH. IGBT ciyxaTh sKUTTEBO BAKIMBUMHA KOMIIOHEHTAMY 1HBEPTOPIB MIKPOMEPEsK,
3a0e3neuy0un KOMYTAIIIHI MOKIIMBOCTL, HEOOXITH] /151 IEPETBOPEHHS €JIEKTPOeHEePTi] IOCTIHHOTO CTPYMY 3
BIJIHOBJIIOBAHUX JK€pPeJI Y BHCOKOSKICHY €Heprilo 3MIHHONO CTpyMy i AomatkiB Mmikpomepeski (MG).
JBornanpasiennit inBepTop (BDI) € BamimBuM KoMIIOHEHTOM MiKpoMepeskl, Io 3abe3medye Ge3mepeObiiHy
imTerparrio poamoxmimeHux eHeprermyHux pecypciB (DER) 1 migrpumye sik migriamodeHy 10 Mepeski, Tak i
aBTOHOMHY po0OTY. ¥ JBOHAIIpABJIEHOMY 1HBepTOpi mocriitroro/aminuoro crpymy (BDAI) IGBT sinmirpaiors
BasKJIMBY POJIb B YIIPABJIIHHI ITOTOKOM €JIEKTPOEHePril B 000X Hanpamviax. Hacimigkn 3601B JBOHAIIPABIIEHOTO
IGBT imBepropa B MiKpoMepeski MOKYTh BAPIIOBATHUCS Bl HEBEJIMKHUX IIPOOJIEM 13 SKICTIO eJIeKTPOEHEePrii 10
01JIBIII cepito3HMX mepeboiB y cTablabHOoCTI Ta mpoaykruBHocTi cuctemu. Tomy IGBT moBumen mpairoBatu 6e3
300iB. Il craTTa imocTpye MeTon BUSBJIEHHS pPaHHBOI HecmpaBHocTi mepevmkadva IGBT (ISF) y
IBOHAIIPABJIEHOMY IHBEPTOpl 3 MIKpOMepesken, SKAi miaraodeHo A0 doroenexrpuunol (PV) cucremm
30epiranHa eHepril Bim axymyssaropa (BESS). Jlia BussieHHA HecmpaBHOCTEH OyJI0 IPOBEIEHO aHAJII3
CHUTHAJIy BHUXIIHOTO CTPYMY 1HBEpTOpa 3a JOIMOMOrom meuakoro mepersopers Oyp’e (IIIID). ITicasa mporo
OyJI0 ITOC/TIM:KEeHO BILUIMB HA IOCTIMHHUN CTpyM, (QyHIAMEHTAJbHHN KOMIIOHEHT CTPYMy Ta TIapMOHINHI
CIIOTBOPEHHs [JIs1 PI3HMX PiBHIB HecmpasHocTi. Byma cuopoba ycmimuo Bussutu ISF Ha ocHOBI Halikpamwx
xapakTepucTuk. Taxo:x OyB 3aIporoHoBaHui aaroputM BusiieHHs [SF.

KimouoBi cmosa: JIomampasienuii imBeprop mocriitHoro/aminuoro crpymy (BDAI), Posmonineni
emepreruyni pecypcu (DER), Ilepersopenms ®@ype (FFT), IGBT, PosmismaBanms HecmpaBHOCTEH,
Mikpomepe:ra.
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