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Abstract—The Induction motor fault can lead to financial loss
in any place where it is used. Hence, an early detection and
diagnosis of fault and its classification becomes most important
for the smooth working of the system. In this paper the study
proposes an algorithm for fault classification. The second order
blind identification method (SOBI) is used for calculating the
estimates and these estimates are given to the ANN for fault
classification. Result indicates the input requirements are reduced
for the classification of faults when 14 statistical parameters of
274 and 3"? estimates of SOBI are given to the ANN.

Index Terms—SOBI, BSS, ANN, Fault Classification

I. INTRODUCTION

The induction motor ranks among the most frequently
employed motors within industrial settings. About 60% of the
industrial load is induction motor load. The induction motor
fault causes the industrial process to halt. This causes huge
amount economic losses to the industries. The types of fault
those an induction motor come across are rotor faults and
stator faults. The rotor fault accounts for 20% faults on the
induction motor. Rotor faults encompass categories such as
rotor eccentricity, damage, fracture or deformation of rotor
cage bars, and cracks or fractures in end rings, as well as rotor
bowing [1]. The total faults of induction motor 40% faults
reported are the bearing fault. Stator related issues generally be
divided into two main groups: (i) faults related to laminations
and the frame and (ii) faults associated with stator windings.
These faults can occur in an induction motor due to various
stress factors, including mechanical, thermal, electrical, and
environmental factors, leading to potential fault conditions[2].

Numerous techniques and technologies are being suggested
for identifying fault conditions in various systems. These
methods include Employing electromagnetic field monitoring
via coils wound around motor shafts particularly in con-
text of axial flux detection and utilizing search coils, Uti-
lizing infrared recognition, Monitoring radio-frequency and
(RF) emissions, Assessing noise and vibration, Measuring
acoustic noise, Implementing motor-current signature analy-
sis (MCSA), Employing model-based, artificial intelligence
based, and neural network-based approaches. Various tech-
niques have been suggested for fault detection and classifi-
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cation, including methods such as MCSA, Park’s Transform,
Artificial Neural Networks,Finite Element Method, Concordia
Transform, Vibration Testing and Analysis, Multiple Ref-
erence Frames Theory, External Magnetic Field Analysis,
Power Decomposition Technique, KU Transformation Theory
and Wavelet Analysis. Among all the methods the MCSA,
ANN and Wavelet Analysis method has been widely used
because of the several advantages. For rotor faults detec-
tion and classification various methods have been used like
Fast Fourier Transform (FFT), Short Time Fourier Transform
(STFT), Discrete Wavelet Transform (DWT), finite element
analysis, Vienna Monitoring Method, and wavelet transform
based methods[3]. For stator faults mostly discussed and
occurred fault is a bearing fault, then interturn faults are
considered. To detect and classify bearing and interturn fault
various methods for detection and classification have been
proposed the negative and zero sequence currents for de-
tection, checking for the additional air gap flux harmonics,
instantaneous power signatures, random forest classifier, Park’s
Transform, Principal Component Analaysis(PCA), Artificial
Neural Network (ANN), Fuzzy classifier are used [2][3].

In addition to these approaches, researchers have delved
into a novel realm of fault detection and classification known
as blind source separation (BSS) methods. There are several
algorithms in BSS like information maximization algorithm,
Fixed point algorithms(ICA), JADE algorithm[4]. ICA uses the
higher order statistical properties to linearly mixed signals into
independent components, all without any prior information
about original components or mixing process[5]. The ICA
method is used over the FFT output and its standard deviation
in region of interest were found to be fault discriminant [6].
The ICA method along with some constrained is used to
classify the fault. The information is contained by the signals
in terms of independent component is less so the c-ICA
algorithms can classify the fault based only if prior knowledge
of mechanical information is known as reference[7]. The ICA
technique is employed to identify faults in induction motor
by determining a threshold and triggering a fault detection if
any condition surpasses this condition[8]. Form above results
we come to the conclusion that ICA can be used for the fault
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detection but will not be suitable for the fault classification.
So another method and area of BSS algorithms is higher order
statistics (HOS) called as Second Order Blind Identification
method (SOBI). This paper is organized in eight chapters.
The second chapter will explain about the SOBI method
its advantages and disadvantages. Third chapter presents in-
troduction to Artificial Intelligence. Fourth chapter presents
feature extration. Fifth chapter will present the algorithm for
classification of the faults of induction motor. Sixth chapter
will discuss the experimental setup and observations. Seventh
chapter will present the results and discussions. Eight chapter
will present the conclusion and future scope.

II. SECOND ORDER BLIND IDENTIFICATION (SOBI)
METHOD

The method was introduced by Belouchrani et al., in 1997
[9]. Second-Order Blind Identification (SOBI as introduced
by Belouchrani et al. in 1997), leverages the temporal inter-
dependencies of components through the joint diagonalization
of one or multiple auto-covariance matrices. After that several
authors have used this algorithm for source separation and
finding out the valuable information for detection and clas-
sification in various area of application. The SOBI method
has found application in various domains, including artifact
removal from EEG data [9], the identification of significant
signals in brain EEG data [10], the separation of vibrations
originating from underground traffic, and the prediction of
wind speed. SOBI has gained recognition as a well-established
and extensively researched technique for separating uncorre-
lated weakly stationary time series. For different time series
and BSS model this method has to be provided with some
modification [11]. The SOBI method has been successfully
implemented by the Oliveira et al. in 2020 for harmonic and
inter harmonic classification of Power Quality disturbances.
Applying the same concept here the induction motor fault
classification is achieved [12]. The SOBI algorithm operates
by approximating the joint diagonalization of two correla-
tion matrices characterized by different delays. When z/n] a
whitened vector is provided, it investigates for a collection
of r delayed correlation matrices for z/n], denoted as R.(7;)
for i = 1,...,r. The objective of SOBI is to find a unitary
transformation V such that:

VIR, (1:)V = Difori =1, .....,r (1)

where, D; refers to a collection of covariance related to
the estimated signal y/n].By working with several correlation
matrices, SOBI reduces the probabilities of incorrect delay
selection interfering with blind separation process. Put simply,
the steps to execute the SOBI can be summarized as follows:

1.Evaluate the MxM correlation matrix R, (0) of signals
x[n] as:

1
TN-—M+1

where X is called as the Hankel matrix

R, (0) = E[z(0)z"(0)] xx"

2.Estimate the EVD of R, (0):
R.(0) =V, Dx V.l (3)

where V' = [v1,v9,...... , ] is an MxM unitary matrix hav-
ing eigenvectors of R, (0) and D, is an MxM diagonal matrix
having eigenvalues A1, Ao, Az, ..., A\ys of R, (0) prepared in
descending order.

3. A white vector z/n] is obtained by performing whitening
of x/n] through the whitening matrix Q,

z[n] = Qz[n) 4)

Where,
Q= D;_(I/Q))VIT (5)

4. Calculate H delayed sample correlation matrices R, (7)
from z/n] for a set of fixed delays

Te(rjj=1,....., H); (6)

5.0btain the unitary matrix V' , which is the joint diagonal-
izer of the set of correlation matrices (R, (7;),j =1,...,H),
by applying the Givens Rotation method[12];

6.Estimate the output signals as:

yln] = V7T Qun] 7

And or the mixture matrix A, as A=Q*V.
Where * denotes the Moore-Penrose pseudo-inverse.
Experimental findings have indicated that employing mul-
tiple correlation matrices is more effective and resilient in
scenarios characterized by low signal-to-noise ratio (SNR)
and/or sources with minimal spectral distinctions[12].

ITII. ARTIFICIAL INTELLIGENCE

Neural network is recognized as a biologically inspired
computational method. It consists of the processing element,
connections, and coefficients. The processing elements are
neurons, connections are training and recall algorithms and
coefficients are the weights given to connections.The Archi-
tecture of Artificial Neural Network is shown in Figurel.
Artificial neural networks possess key attributes such as adapt-
ability in learning, the ability to generalize, parallel processing
at scale, resilience, the capacity for associative information
storage, and processing of spatiotemporal information [13].
Artificial intelligence is being used in various area of applica-
tions like pattern recognition, speech recognition, biomedical

OUTPUT

Fig. 1. Architecture of Artificial Neural Network
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diagnosis applications, induction motor fault detection and
diagnosis, and many more[14]. The neural network illustrated
here is organized in three tiers: an output layer, a hidden layer
and an input layer . The artificial feed-forward network topol-
ogy is selected for simplicity. The choice for training input
patterns involves utilizing a feedforward network, while error
computation and weight adjustment based on error calculations
are accomplished through backpropagation. The progression
goes from input layer to hidden layer and to the output layer.

IV. FEATURE EXTRACTION

It is necessary to develop a feature extraction approach
for classifying defects. Statistical parameters are extracted
to classify the different faults. These statistical parameters
include minimum, maximum,variance, avegare(mean), middle
value(median), addition(sum), absolute addition(sum), shape
factor, root mean square value(RMS value), kurtosis, energy,
crest factor, standard deviation and skewness of captured stator
current signals. The mathematical formula and its calculations
can be referred in detail in [15].

V. PROPOSED ALGORITHM

Stepl: Capture three phase current of the Induction motor
for processing.

Step2: Take transpose if captured signal is in column and
apply SOBI Algorithm to the signal

Step3: Calculate 14 statistical parameter of 2" and 37?
estimate

Step4: Apply ANN classifier for the classification of the
faults and obtain confusion matrix and the ANN classifier
model

VI. EXPERIMENTAL SETUP AND OBSERVATIONS

For the purpose of experimentation and data generation, a
squirrel cage induction motor with the following specifications
is employed: 2 H.P, 3-phase, 4 poles, 415 volts, 50 Hz. The
experimental set up is shown in Figure 2.

This motor has 24 coils distributed across 36 slots. Each
phase consists of 8 coils, each comprising 300 turns. A tapping
configuration is applied to each phase, with the tapping starting
at 10 turns from the neutral point. With each group containing
approximately 70 to 80 turns, tapping are drawn from these
coils. To capture the current and voltage signals, an ADLINK
DAQ system is used, operating at a sampling frequency of

Fig. 2. Experimental Setup
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Fig. 3. 3-phase Current signal of the healthy condition of induction motor
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Fig. 4. 3-phase Current signal of the bearing fault of induction motor
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Fig. 5. 3-phase Current signals of inter turn fault of Induction motor
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Fig. 6. 3-phase Current signal of rotor bar crack of Induction motor

1 kHz, and data is collected under various load and supply
conditions for the specific cases outlined in Figure 3 to Figure
6. The Figure 3 to Figure 6 display the 3-phase current
signals corresponding to different fault conditions in the 3-
phase induction motor.

The various condition of fault current are processed through
the SOBI algorithm then 3 estimates are obtained. Note that
the 37 estimate and 2"¢ estimate shows the largest variations
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Fig. 7. SOBI demixing matrix estimates for healthy condition

EWWWWWWWWWWWWW
R

TR
%WW@WMWWMWWMWw%WW@WWW”

1000
length of estimates

Fig. 8. SOBI demixing matrix estimates for bearing fault condition
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Fig. 9. SOBI demixing matrix estimates for Interturn Fault Condition

when compared with the healthy conditions and fault condi-
tion. The SOBI decompositions are as shown in Figure7 to
Figurel0 for various fault condition when motor is on load.
Form observation of Figure7 to FigurelQ it is clearly visible
that 3"¢ and 2"¢ estimates of faulty condition demonstrate
the significant variation as compared to the healthy condition.
Hence 14 statistical parameter has been calculated for both of
the estimates. These 14 statistical parameters of 3"¢ and 2"d
become the input to the ANN.

VII. RESULTS AND DISCUSSION

It is clearly seen that 3¢ and 2"¢ estimate of the SOBI
demixing matrix shows greater variations, so statistical param-
eter of 3" and 2" estimate has to be calculated. The total 10

01
o

length of estimates

Fig. 10. SOBI demixing matrix estimates for Rotor-bar fault condition

reading are taken for each fault, hence 28x40 matrix of statis-
tical parameters is obtain. An artificial neural network (ANN)
with its strong pattern recognition abilities proves to be a valu-
able tool for the classification of faults in induction motors.
This study utilizes a three-layer Feed Forward ANN (FFANN)
trained through a supervised learning technique known as Back
Propagation. The FFANN structure contains an input layer,
hidden layer, and an output layer. The input layer comprises
28 nodes corresponding to statistical features derived from
the 3"¢ and 2"¢ estimates of the SOBI demixing matrix, 12
neurons in the hidden layer. Meanwhile, the output layer is
represented by four processing elements, each representing
one of the following conditions: rotor bar crack, interturn
fault, bearing fault and healthy condition.The ANN model
obtained after training is shown in Figure 11. Randomized
data is given as input into the network, to ensure generalization
and the Transigmoid transfer function is employed for training
purposes. This training process yields a percentage accuracy
for classification. Considering these foundational principles,
the research investigates the relationship between the accuracy
percentage in categorizing induction motor states and the
quantity of processing elements within the hidden layer. It can
be clearly observed that the ANN is able to classify the faults
with 100% accuracy considering the healthy condition. The

100605
100e-15.
1006410
5

Fig. 11. ANN Training Model for induction motor fault classification

4
Authorized licensed use limited to: UNIVERSIDADE FEDERAL DE LAVRAS. Downloaded on August 28,2024 at 11:59:51 UTC from IEEE Xplore. Restrictions apply.



Confusion Matrix

2 3
Bearing Fault Inter Tum Fault

1
Healthy Condition

Rotor Bar crack Fault

Fig. 12. Confusion Matrix for classification of induction motor fault

TABLE I
COMPARISON OF THE VARIOUS PARAMETERS OF ANN AND SOBI
ESTIMATES AND CLASSIFICATION RESULTS

Estimate No. | Neuron Neuron No. of | No. of | Confusion
selected for | Input output hidden hidden matrix
the statistical layers Neurons | classifi-
calculation cation
and feed to

ANN

All 3 esti- | 42 4 1 7 100%
mate

Only 3rd es- | 14 4 1 11 98%
timate

2nd and 3rd | 28 4 1 12 100%
estimate

confusion matrix obtained after training is shown in Figure
12. Table 1 displays the accuracy of classification when all
the statistical features from the estimates are input to the
ANN, resulting in a 100% classification accuracy rate. So
as to check whether ANN can classify all the conditions
with less number of input only the statistical parameter.
The classification accuracy when the statistical parameter of
only 37¢ estimate is considered then only 98% classification
accuracy is obtained. Hence to improve classification accuracy
274 estimate along with 3" is considered for processing and
100% classification accuracy is obtained here.

VIII. CONCLUSION AND FUTURE SCOPE

The paper proposes SOBI-ANN based induction motor fault
classification. SOBI algorithm is used as signal separation
method to identify the dominant fault signals and is given
to the ANN after feature extraction for classification as ANN
has good classifier properties. As this method is a time domain
based method its computational complexity is less and time
required to perform classification also reduced. Now this work
could be extended by applying dimension reduction methods
to select the dominant features after calculating the statistical
parameter those are feed to ANN for classification.
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of the Magnetizing Inrush Current L
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1 Introduction

The transformer is very important components of today’s power system. Only
because of availability of highly efficient transformer which changes the voltage level
as per the requirement today’s power system becomes much efficient and economic.
In order to ensure the secure and proper operation of a transformer as well as the
power system, a quick and reliable protection scheme is required [1].

Power transformers are protected using the differential protection technique. In
differential protection scheme of a transformer, the differential relay compares the
transformer’s primary and secondary currents. Under normal operating condition,
the magnitude of differential current is zero while a differential current exists when
a transformer experiences an internal fault. As the differential current exists, then it
will flow through the relay and the relay will generate the trip signal and operates
circuit breakers on both primary and secondary side. In order to prevent the relay
from tripping for through faults, the differential protection of the transformer uses a
proportionate bias. The differential protection scheme of a transformer is shown in
Fig. 1 [2].
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Fig. 1 Differential protection of transformer

Due to CT saturation, turn ratio variations brought on by changing taps, or magne-
tizing inrush current, the differential current can occasionally become large even in
the absence of an internal problem. Avoiding the false tripping of the relay as a
result of faulty discrimination between the magnetizing inrush current and internal
fault current is the main difficulty in the differential protection of the power trans-
former [3]. When compared to the transformer’s internal fault current, the magne-
tizing inrush current’s magnitude is large. For the purpose of differentiating between
inrush and internal fault current of the transformer, a number of protection schemes
have been developed and presented in the literature which includes harmonic restrain
scheme, flux restrain scheme, voltage restrain scheme, pattern recognition scheme,
and artificial intelligence-based scheme. These methods have several advantages and
disadvantages [4].

In this paper, a new algorithm is suggested in order to differentiate the inrush
current from internal fault current of the transformer. In this algorithm first, calcu-
late the Teager energy operator (TEO) of differential current and after comparing
TEO with threshold value the occurrence of abnormality is detected. The statistical
parameters are calculated from the differential current of the transformer as a feature.

Then, the training and testing of the ANN classifier are done using the features
extracted from differential current to separate the internal fault current from inrush
current of the transformer.
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2 Teager Energy Operator (TEO)
The signal x (1) = A cos(w,t + ) TEO v [x(?)], is expressed as follows:

ol (D] = [F(OF — x(1) * £ (1) = A%w? (1)
The discrete form representation of Eq. (1) by using approximation

x[n] ~ w’

when the value of T is small, it can define as
Wx(m)] = ((x(m])* —x(n — Dx(n + 1))/ T?, 2

where T becomes the sampling time period between two consecutive samples, x (1)
and x (n + 1). In most of the cases assumption of 7' = 1 is acceptable, due to informa-
tion in discrete domain available after time interval T. Therefore, the discrete form
representation of TEO

Yx(m)] = [x(m)]* —x(n — Dx(n + 1)] 3)

Equation (3) gives the information about magnitude and frequency of the sinu-
soidal signal. It requires only three samples of the discrete-time signals. The ampli-
tude (A) of the TEO v [x[n]] of the signal and frequency of the signal (£2.), is
determined by using the separation method [2].

Let the signal with amplitude and frequency is denoted as x(n) =
A cos(S2.n + ). Therefore the discrete-time TEO is given by the following:

Ylx(n)] = A%sin® () 4)

The TEO amplitude and frequency of the discrete TEO signal are determined by
Egs. (5) and (6), respectively.

_ Ylxm]
A= Sq“(sinz(szc)> ®
o Cosl<1 _plx(n) — x(n — 1>]> ©
c plx(n)]

In this paper, the TEO is determined by using Eq. (5).
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3 Artificial Neural Network (ANN)

The artificial neural network solves the problems that linear computers cannot as
it operates in parallel. Pattern recognition and nonlinear system identification are
the two common application of ANN where the formal analysis is either difficult or
impossible. ANN consists of interconnection of simple elements working in parallel.
The network’s operation is determined by the connection weights. It is considered as
the most basic type of available forward network. Using the training function, an arti-
ficial neural network must first be configured after creation. The network’s elements
are automatically modified to achieve a certain desired output for a particular input.
Multiple layers are possible in a network. A weight matrix, a bias vector, and an output
vector are present in each layer. Each neuron in a layer is directly connected to each
neuron in the upper layer. The second class of feed-forward neural networks differs
from the first by including one or more hidden layers, whose processing nodes are
referred to as hidden neurons. The network’s ability to extract higher order functions
is enabled by increasing the number of layers and neurons. A feed-forward neural
network is a well-liked ANN modeling technique. In a feed-forward neural network,
there is no cycle in the connections between the nodes, making it a specific kind of
artificial neural network. In order to distinguish between inrush and internal fault
current of a transformer, a feed-forward neural network is employed as a classifier
in this research work [1].

4 Proposed Algorithms

In this research work, the data required for the discrimination of the inrush current and
internal fault current of a transformer is obtained from the experimental setup. This
paper proposes two novel algorithms. In the first algorithm the differential current of
a transformer is captured using the data acquisition system. This differential current
is further used to calculate the TEO. The calculated value of TEO is compared
with the threshold value (0.1). If the value of TEO exceeds the threshold then it
indicates the occurrence of abnormality (inrush current or internal fault current).
Once the abnormality is detected, the detection flag is set and statistical parameters
such as standard deviation and variance are calculated as features from the differential
current for the quarter cycle from that instant. A feature vector is created using the
extracted features to train and test the ANN classifier [5]. The ANN classifier gives
the decision about the class of abnormality. Figure 2 shows the flowchart of the
proposed first algorithm. The detection of occurrence of abnormality is based on
the TEO threshold. If the rating of the transformer is changed, then it is required to
recalculate the threshold value of TEO. The rest of the algorithm remains same for
discriminating the inrush and internal fault current of any transformer irrespective
of its rating.
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Fig. 2 First algorithm to discriminate inrush current and internal fault current
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In the second algorithm, the differential current of a transformer is captured using
the data acquisition system. This differential current is further used to calculate the
TEO. The calculated value of TEO is compared with its threshold value (0.1). If
the value of TEO exceeds the threshold, then it indicates the occurrence of abnor-
mality (inrush current or internal fault current). Once the abnormality is detected the
detection flag is set. In this algorithm, the detection flag is set for the duration of
abnormality. If the duration of the detection flag is greater than a quarter cycle, then
it is internal fault current else it is inrush current. Figure 3 shows the flowchart of the
proposed second algorithm [2]. The detection of occurrence of abnormality is based
on the TEO threshold. If the rating of the transformer is changed then it is required to
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Fig. 3 Second algorithm to discriminate inrush current and internal fault current

recalculate the threshold value of TEO. The rest of the algorithm remains same for
discriminating the inrush and internal fault current of any transformer irrespective
of its rating.

5 Experimental Setup

The experimental setup used in this research work consists of a single-phase isolation
transformer of rating 2k VA, 230 V/230V, 50 Hz with one-to-one tapings on both sides
of the transformer to create internal faults. During the experimentation, a resistive
load is connected with the transformer. The Adlink data acquisition system is used to
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capture the differential current of a transformer with the sampling frequency of 1 kHz.
The magnetizing inrush current of a transformer is captured at no-load condition and
the internal fault current is captured under loading conditions by short-circuiting
the few turns of transformer winding. A block diagram of the experimental setup is
shown in Figs. 4 and 5 [2] shows the photograph of the experimental setup used for

capturing the current signals of the transformer under different conditions.

CT 1, 10/5A CT2,105A g3
P1 — = =1 [ =
P2 | akva PL | P2
p s1 -
° — Resistive
230 V, Supply Load
o—
N 230V 230V ]
CT3,400mvA §
Adlink Data
Acquisation PC
card USB

Fig. 4 Block diagram of experimental setup

Ad nk Data Acquisation card

Fig. 5 Photograph of experimental setup developed in the laboratory




412 P. R. Bharambe et al.

6 Result and Discussion

Step-1 Abnormality Detection Results
Case A: Transformer Under Normal Loading Condition

In the first case, the transformer is under normal loading conditions. The differential
current corresponds to the normal loading condition is captured from the experi-
mental setup using the data acquisition system. This differential current is further
analyzed in MATLAB to obtain the TEO value. The calculated TEO value is then
compared with the threshold value (0.1). The TEO value is less than the threshold
hence the detection flag is not set. This indicates that the transformer is under normal
condition. The threshold value is set to 0.1 by analyzing the differential current
under different loading, inrush, and internal fault conditions. Figure 6 shows the
TEO analysis of differential current under normal loading condition [6].

Case B: Transformer under Energization Condition

In this case, the transformer is under the energization condition. The differential
current corresponding to the magnetizing inrush is captured from the experimental
setup and further analyzed to calculate the TEO value. The TEO value and the
threshold value are compared. If the TEO value exceeds the threshold value the
detection flag is set which indicates the occurrence of an abnormal condition. The
standard deviation (STD) and variance of the differential current are calculated for
a quarter cycle from the instant of detection of abnormality. The feature vector is
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Fig. 6 TEO analysis of differential current under normal loading condition



A Novel Algorithm for Discrimination of the Magnetizing Inrush ... 413

[
x|
a

Differential Current During Transformer Energization

Magnitude
(=} -
% .

'
-

0 100 200 300 400 500 600 700 800 900 1000

e
=

Magnitude
=]
o [~
L.-—
K —
&=

Teager Energy Operator(TEO)

200 300 400 500 600 700 800 900 1000

53 Detection Flag
1

I I L L L

100 200 300 400 500 600 700 800 900 1000
Number of Sample -->

Magnitude
(=]
o
[ re— ]
A

Fig. 7 TEO analysis of differential current under transformer energization condition

created using these statistical parameters which are further used to train and test
the ANN. Figure 7 shows a TEO analysis of differential current under transformer
energization condition [7].

Case C: Transformer Under Internal Fault Condition

In this case, the transformer is under the internal fault condition. The differential
current corresponding to the internal fault is captured from the experimental setup
and further analyzed to calculate the TEO value. The TEO value and the threshold
value are compared and if the TEO value exceeds the threshold then the detection
flag is set. This indicates the occurrence of an abnormal condition. The detection flag
remains high till the fault persists. The standard deviation (STD) and variance of the
differential current are calculated for a quarter cycle from the instant of detection of
abnormality. The feature vector is created using these statistical parameters which
are further utilized to train and test the ANN. Figure 8 [2] shows a TEO analysis of
differential current under internal fault conditions [8].

Case D: Transformer Energization Followed by Internal Fault Condition

In this case, the transformer is initially under energization condition and followed
by the internal fault condition. The differential current corresponds to the inrush
and internal fault is captured from the experimental setup and further analyzed to
calculate the TEO value. The TEO value is compared with the threshold value, as
the TEO value exceeds the threshold value the detection flag is set. This indicates
the occurrence of an abnormal condition. The detection flag is set under both inrush
and internal fault conditions. The standard deviation (STD) and variance of the
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differential current are calculated for a quarter cycle from the instant of detection of
abnormality. The feature vector is created using these statistical parameters which
are further utilized to train and test the ANN. Figure 9 shows a TEO analysis of
differential current under internal fault conditions [7].

Step-2 Statistical Parameter Results

The standard deviation and variance of differential current are calculated for a quarter
when an abnormal condition occurs as a feature. A feature vector is created using
the values of standard deviation and variance for several cases of inrush and internal
fault. Figure 10 shows the bar graph of standard deviation under inrush and internal
fault conditions and Fig. 11 shows the bar graph of variance under inrush and internal
fault conditions [9].

Step-3 Discrimination Results of First Proposed Algorithm

In the first algorithm, a transformer’s inrush and internal fault current are distin-
guished using a TEO along with ANN. In this algorithm, the feature vector is created
using the extracted features which are further used to train and test the ANN classifier.
In this research work, we have used the feed-forward neural network for discrimina-
tion [8]. Figure 12 shows the pattern recognition neural network model. The detail
architecture of ANN classifier is shown in Table 1.
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Variance of Differential Current under Inrush and Interturn Fault
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Fig. 12 Pattern recognition neural network

Table 1 Architecture of ANN classifier

Particulars Number/percentage
Number of inputs 2

Number of outputs 2

Number of hidden layers 2

Training ratio 90%

Testing ratio 10%

Maximum number of epochs 500
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The dataset required to train and test the ANN classifier is created using the
extracted features. This dataset consists of total 30 test cases (15 cases of inrush and
15 cases of internal fault condition). In total, 90% of the dataset is used for training
in the ANN algorithm, while the remaining 10% is used for testing. The results of
ANN classifier are obtained in the form of confusion matrix. The diagonal elements
of the confusion matrix show truly classified data and the non-diagonal elements
shows misclassified data. The confusion matrix corresponds to the training shows
100% accuracy and the confusion matrix corresponds to testing also shows 100%
accuracy. The overall confusion matrix shows that the proposed ANN algorithm
discriminates the inrush and internal fault current accurately [10]. Figure 13 shows
the training confusion matrix, Fig. 14 shows the testing confusion matrix and Fig. 15
shows the overall confusion matrix.

Discrimination Results of Second Proposed Algorithm

In the second algorithm proposed in this research paper after the detection of abnor-
mality in differential current, the detection flag is set. In case of inrush current, the
detection, flag is set only for the instance of peaks in differential current while the
detection flag remains high till the duration of internal fault current. In order to
discriminate between the inrush current and internal fault currents of a transformer,
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Testing Confusion Matrix
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the duration of the flag is compared with the quarter cycle duration. If the duration of
the flag is less than the quarter cycle duration, then it is inrush current Fig. 16 shows
this result in which the message box displays the name of event and corresponding
action. In case of inrush, there will be no action. If the duration of the flag is greater
than the quarter cycle duration, then it is an internal fault current [11]. Figure 17
shows this result in which the message box displays the name of event and corre-
sponding action. In case of internal fault, a trip signal will be generated to trip the
circuit breaker.
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7 Conclusion

This section summarizes the work presented in this research paper. This paper
proposes two novel algorithms to discriminate the inrush and internal fault current of
a transformer. In the first algorithm, the unique combination of TEO-based threshold
and ANN is proposed, this combination is found suitable to discrimination. In this
algorithm three consecutive samples are used to detect the abnormality and quarter
cycle of differential current is used for feature extraction. The computational time
required for the execution of this algorithm is less and it is less complex. Hence, the
implementation of this algorithm is easy and simple. The ANN classifier implemented
with this algorithm gives 100% training and testing accuracy.

In the second algorithm, the duration of detection flag is used to discriminate
between inrush and internal fault current of the transformer. Various cases of inrush
and internal fault current are tested using this algorithm. It is observed that the
proposed algorithm can reliably and truthfully differentiate between the inrush and
internal fault current of the transformer under different cases. For discrete and
finite length signals, the DFT is appropriate while the length of signals used in
this study may have longer length. The implementation of DFT-based algorithm is
more complex than TEO based algorithm. The computational time and complexity
of DFT-based approach is more as compare to proposed approach. The algorithms
proposed in this research work are tested using the experimental data and found effi-
cient. This work can further be extended for discriminating the inrush and internal
fault current of a transformer in real-time.
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1 Introduction

In the era of the industry 4.0 revolution, the technologies are changing rapidly. In
today’s world, factories are becoming smart due to the collaboration of technologies
like artificial intelligence, smart automation, robotics, IoT, and cloud computing.
In industry 4.0 everything is becoming smart. The architecture of this smart and
digital industry comprises various sensors and hardware components. Everywhere
we see automation most of the manual processes are nowadays replaced with smart
automation. In this digital revolution, the energy demand is increasing at a significant
rate. The technologies used in this revolution need good quality and reliable power
supply for their operation.

In the emerging power system, Distributed Generation Systems based on renew-
able energy sources are employed in order to meet the ever-increasing power demand
[1]. The Grid-connected solar photovoltaic systems and wind energy systems are the
most commonly used DGs. The renewable energy resources-based DGs consist of
power electronic devices such as converters and inverters [1]. The energy-efficient
devices used nowadays also consist of power electric components. These power elec-
tronic components along with the conventional causes may lead to various power
quality disturbances. These disturbances may cause maloperation or nuisance trip-
ping of customers’ sensitive loads which lead to heavy loss [2]. Hence, there is a
necessity to develop a reliable and efficient power quality monitoring system. The
power quality monitoring system must be simple and fast in operation [3]. It must
accurately detect and classify the PQDs.

Many researchers have proposed a variety of power quality disturbance detection
and classification techniques in the literature. In this research work, we have used
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the PQDs generated by utilizing the integral mathematical models of PQDs. The
researchers have suggested different signal processing techniques for the analysis of
PQDS. The PQD voltage signals are non-stationary in nature [1]. A signal whose
frequency and magnitude change with respect to time is called a non-stationary
signal. The statistical properties of such signals change with respect to time [4]. In
the literature, people have proposed many signal processing techniques for analyzing
the non-stationary signals related to PQDs. Wavelet transform-based multiresolution
analysis is the simplest, reliable, and robust technique used in the study of non-
stationary signals [5]. In this paper, we have used wavelet transform for the analysis of
non-stationary signals corresponding to the PODs under study. The time—frequency
localization obtained by the wavelet analysis is used for the feature extraction. As
the statistical properties of non-stationary signals differ with respect to time, we
have calculated the statistical parameters as a feature from the wavelet analysis.
These features are then utilized for training and testing the artificial intelligence
technique-based classifier. In the literature, various artificial intelligence-based soft
computing techniques have been proposed. All techniques have some advantages
and limitations.

2 Power Quality Disturbances

In the last three-four decades, Power Quality is the most often used keyword in the
power sector. Both electric utilities and end users place more and more emphasis on
the quality of the power they get. The term PQ is defined as “Any power problem
which leads to the deviations in voltage, current, or frequency and results in failure
or maloperation of end-users equipment” [6]. In electrical power system numbers of
PQDs occurs, in this paper, we have considered the following commonly occurring
PQDs.

2.1 Voltage Sag

A voltage sag is defined as a drop in root mean square (RMS) value of voltage
between 0.1 and 0.9 pu at the rated frequency over periods ranging from 0.5 cycle to
1 min. The most frequent causes of voltage sag are switching a heavy load, turning on
large induction motors, power system faults, and transformer energization. Voltage
sag typically results in the malfunction or improper operation of end user equipment.
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2.2 Voltage Swell

A voltage swell is defined as a rise in root mean square value of voltage between 1.1
and 1.8 pu at the rated frequency over a period of time between 0.5 cycle and 1 min.
The most frequent causes of voltage swell are switching OFF of heavy load, faults in
the distribution system, and energizing of large capacitor banks. Voltage swell can
damage electronics and other sensitive equipment.

2.3 Voltage Interruption

A voltage interruption is defined as a dip in RMS value of voltage below 0.1 pu
during a time frame shorter than a minute. The most frequent causes of voltage inter-
ruption are equipment failure, power system faults, insulation failure, and flashover
of insulators. Therefore, a voltage interruption may result in damage as well as the
full shutdown of equipment.

3 Discrete Wavelet Transform

The Discrete Wavelet Transform is one of the efficient tools used for time—frequency
localization of signals. In the DWT analysis the input signal is divided into a number
of sets. A discrete wavelet transform (DWT) divides an input signal into a number of
sets. Each set includes a time series coefficient that displays the frequency band and
signal variations over time. In this research work we have used Daubechies wavelet
(db4) which is the most commonly used discrete wavelet transform used for the
analysis of non-stationary signals corresponding to PQDs. The db4 wavelet has four
scaling and wavelet functions coefficients. The DWT is defined as:

. 1
Wolio k) = —= Y F@ejoxx) )
1
Woli b = ij fOOW; () )

A scaling function ¢ (x) is used to derive ¢ o x (x) by translation and scaling using:
@jox(x) =292 x —k) 3)

A wavelet function W(x) is used to derive W, ;(x) by translation and scaling
using:
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W, (x) =270 (27x — k) (4)

The DWT can be modeled using a filtering method that uses a low-pass filter &,
and a high-pass filter Ay, respectively. The approximate and the detail coefficients
are computed using:

We(j, k) = hy(—=n) * Wy (j + 1, n) |21 k=0 6]

Ww(j’ k) = h(p(_n) * Wgﬂ(] +1, n)|n=2k,k20 (6)

The filter bank can be iterated to perform multiresolution analysis.

4 Artificial Neural Network (ANN)

A network built with artificial neurons is known as an artificial neural network. These
neurons are linked in the same manner in which biological neurons are connected. An
adaptive system that can alter its behavior in reaction to data entering and leaving the
network can be built using a neural network. Applications like the classification of
data and pattern recognition can be done using an ANN. In this research work, we have
used a back propagation neural network algorithm for classification of voltage sag,
swell, and interruption. A neural network can be trained using a training algorithm,
which is a collection of learning strategies. The dataset input to the algorithm is
utilized to train, validate, and test the classifier. When the error value is small enough,
the training process will be finished. After the training process is finished, a trained
network will be created. This trained network is validated and tested using the samples
from the same dataset or new samples. The accuracy of the algorithm depends on
the number of properly classified data samples.

5 Proposed Methodology

A wavelet and ANN-based method for classifying PQDs is suggested by this study.
The LabVIEW software is used to implement the algorithm. The steps involved in the
implementation of the proposed algorithm developed in LabVIEW are represented in
the form of flowchart in Fig. 1. In this algorithm the voltage signals corresponding to
three PQDs namely the sag, swell, and interruption are created utilizing the integral
mathematical models of PQDs using Math script tool in the LabVIEW. The signals
are recorded at a sampling rate of 10 kHz and analyzed using the wavelet transform.
In wavelet analysis, we have used db4 wavelet for decomposing the voltage signal
up to 6th level. The statistical parameters namely max, mean, median, variance, SD,
kurtosis, energy, and skewness are calculated as features form the detailed coefficients
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Fig. 1 Flowchart of - -
proposed algorithm Signal Generatlon
implemented in LabVIEW (Generation of PQDs)

2

Signal Processing
(Wavelet Analysis of Voltage Signal)

2

Feature Extraction
(Estimation of Satatistical Parameters as a feature)

2

Classification
(Classification of PQDs using ANN)

v

Decision
(Identifying the class of PQDs)

v

Sag Swell Interruption

of level 5 and 6. The dataset needed to train and to test the ANN classifier is created
using these extracted features. Testing is done to identify the class of PQD after the
ANN classifier has been trained using the extracted features.

6 Results and Discussion

6.1 Generation of PQDs

In this research work, the parametric equations of PQDs are implemented in the
LabVIEW environment using the Math script tool to produce the data needed for
Wavelet analysis [7] which is shown in Fig. 2.

The voltage signal with a 50% sag, i.e., 0.5 pu rms value for 0.08 s generated in
the LabVIEW environment using the parametric equation of voltage sag is shown in
Fig. 3. The duration of the signal is 0.2 s and the sampling rate is 10 kHz. To obtain
the number of samples required to generate the dataset, the percentage and instant
of sag is varied.

The voltage signal with a 50% swell, i.e., 0.5 pu rms value for 0.08 s generated in
the LabVIEW environment using the parametric equation of voltage swell is shown
in Fig. 4. The duration of the signal is 0.2 s and the sampling rate is 10 kHz. To obtain
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Fig. 2 Generation of PQDs using LabVIEW
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Fig. 3 Waveform of voltage signal with 50% sag
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the number of samples required to generate the dataset, the percentage and instant
of swell is varied.

The voltage signal with an interruption for 0.08 s generated in the LabVIEW
environment using the parametric equation of voltage interruption is shown in Fig. 5.
The duration of the signal is 0.2 s and the sampling rate is 10 kHz. To obtain the
number of samples required to generate the dataset, the instant of interruption is
varied.

Voltage Swell
1.5
1-

o
o own
1 1

[

=4

wn
1

Amplitude

-1-

-1.5+ 1 [ 1 [ 1 [ 1 1
0 250 500 750 1000 1250 1500 1750 2000

Time (Samples)

Fig. 4 Waveform of voltage signal with 50% swell
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0 250 500 750 1000 1250 1500 1750 2000
Time (Samples)

Fig. 5 Waveform of voltage signal with interruption
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6.2 Wavelet Analysis Results

In the LabVIEW environment, a block diagram is created to process the voltage
signals related to three PQDs using the Wavelet Transform as a signal processing
tool. In the wavelet analysis, we have decomposed the voltage signal up to 6th level
using db4 wavelet. Figure 6 shows the block diagram for wavelet analysis of voltage
signals developed in LabVIEW.

Figure 7 shows the waveform of detailed coefficients of the 6th level obtained in
the LabVIEW environment from the wavelet analysis of the voltage signal with sag.

Figure 8 shows the waveform of detailed coefficients of the 6th level obtained
in the LabVIEW environment from the wavelet analysis of the voltage signal with
swell.

Figure 9 shows the waveform of detailed coefficients of the 6th level obtained
in the LabVIEW environment from the wavelet analysis of the voltage signal with
interruption.

= D6 level plot for sag
] subarray | e, |
| o g glgz Multiresolution % D:\wavelet\wav1.csv
@“" " _—_| Analysis3
Signal = 7
Reconstruction »p=8 24
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Signal
Reconstruction
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‘ ME= & 8l
g Multiresolution | § [
Analysis2 I‘i: D:\wavelet\wavS.csvl
b Signal [‘E'Q.Qf}—l ——J
Reconstruction »p=
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Fig. 6 Wavelet analysis block diagram developed in LabVIEW
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Fig. 10 Feature extraction block diagram developed in LabVIEW

6.3 Feature Extraction

The statistical parameters namely max value, mean value, median, variance, SD,
skewness, energy, and, kurtosis are calculated from the detailed coefficients of 5th
and 6th level for feature extraction. These extracted features are used to build the
dataset needed to train and test the ANN classifier. Figure 10 shows the block diagram
developed in LabVIEW for feature extraction.

6.4 ANN Classifier Architecture

In this research work, the back propagation algorithm is employed as an ANN classi-
fier. In the ANN algorithm, we have evaluated the performance of the proposed ANN
classifier using different combinations of extracted features, i.e., the variation in the
number of inputs and training and testing ratios. Also, we have used the features
extracted from detailed coefficient of 5th level. In this different combination, we
got the most accurate results for the architecture shown in Table 1 and the pattern
recognition neural network shown in Fig. 11.

Table 1 Architecture of Particulars Number

ANN classifier
Number of inputs 8
Number of outputs 3
Number of hidden layers 1
Training ratio 80/100
Testing ratio 20/100
Maximum number of epochs 500
Network training function ‘trainlm’
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Hidden Output
Input Output
|_
8 3
1 3

Fig. 11 Pattern recognition neural network

6.5 ANN Training Results

The dataset required to train and test the ANN consists of 63 samples (27 of sag, 27
of swell, and 9 of interruption). The 80% dataset, i.e., 50 samples are used to train
the ANN. In Fig. 12, the outcomes of the ANN training are shown as a confusion
matrix. From the confusion matrix it is seen that the training accuracy is found to
be 100%. In the confusion matrix, the column displays the predicted class, while
the rows represent the true class and the diagonal elements show correctly classified
samples while the non-diagonal elements show incorrectly classified samples. The
figure shows the training confusion matrix obtained by training the classifier using
the features extracted from the detailed coefficients of the 6th level.

Fig. 12 Training confusion Training Confusion Matrix
matrix
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Fig. 13 Testing confusion Testing Confusion Matrix
matrix
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6.6 ANN Testing Results

In the testing phase of the ANN 20% dataset, i.e., 13 samples are used. Figure 13
shows the outcomes of the ANN testing as a confusion matrix. From the confusion
matrix it is seen that the testing accuracy is found to be 100%. The figure shows the
testing confusion matrix obtained by testing the classifier using the features extracted
from the detailed coefficients of the 6th level.

7 Conclusion

This paper presents a unique combination of wavelet transform and artificial neural
network for the classification of PQDs. This paper mainly focuses on the develop-
ment of PQDs classification algorithm in the LabVIEW environment. The wavelet
transform is used as a signal processing tool for extracting the features required for
discriminating the three power quality disturbances namely the voltage sag, swell,
and interruption. WT is found to be more appropriate tool used for analyzing the
non-stationary signals. The eight features extracted from wavelet analysis are found
to be appropriate and sufficient to classify the PQDs with high accuracy. The results
of the proposed algorithm are verified for different combinations of the input dataset.
The training and testing accuracy for the ANN architecture discussed in the result
section is found to be 100% for the dataset created using the features extracted
from the detailed coefficients of the 6th level. We can infer from the results of this
research that the proposed algorithm classifies PQDs accurately. The power quality
monitoring system might be enhanced if these techniques are widely used. The work
presented in this paper will be further extended to classify the PQDs in real time.
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Management Methodology
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1 Introduction

The three most important and well-known engineering topics are freshwater, elec-
tricity, and the atmosphere because of their interdependence. Key issues that have
been addressed include resource limitations and global warming [1]. Most fossil fuels
used in transportation result in greenhouse gas emissions. Several attempts have been
made in this field to increase the need for fuel cells (FCs) as a sustainable source of
electrical energy that produces no greenhouse gases in transportation applications
[2]. Fuel cells are a clean source of fuel for transportation and contribute to environ-
mental protection when used in electric cars, trains, airplanes, etc. [3]. New energy
conversion technologies such as fuel cells outperform conventional devices in many
ways, including great energy efficiency, small size, environmental safety, long life,
and many others. Because of its high power generation density and low heat genera-
tion—both essential in transportation applications—the proton exchange membrane
fuel cell (PEMFC) appears to be the most suitable form for use in automotive appli-
cations. The limited dynamic response of fuel cells is their main disadvantage in
transport applications. This means that the fuel cell is unable to respond adequately
to sudden load changes because it lags behind the load changes.

As aresult, the battery storage and ultracapacitor (UC) should be connected to the
fuel cell [4], while the battery storage has high power density, having disadvantages,
including low energy capacity, long charging time, short life, and high price. The
most effective method to address these concerns is to use a hybrid FC/B/UC network.
Hybrid sources can take advantage of their special qualities with this combination.
The ultracapacitor provides short bursts of peak power, while the battery is used as
an energy buffer. A power management scheme (PMS) is needed to achieve some
hybridization and the main aim of spreading load demands across power sources.
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PMS successfully maintains hydrogen consumption and improves energy efficiency
by limiting fuel cell output to wider operating levels. A set of traditional PMS [5]
has been implemented to manage the system load between these input sources.

They are Equivalent Consumption Minimization Scheme (ECMS), Fuzzy Logic
Control (FLC), External Energy Minimization Scheme (EEMS), PI Control, State
Machine Control (SMC), and Equivalent Consumption Minimization Scheme.
Several other contemporary optimization-based techniques have also been devel-
oped. The battery bank, fuel cell, and ultracapacitors are included in the state machine
control (SMC) power management technique that Wang et al. proposed in [6]. The
authors of [7] implemented power management using the proportional integral (PI)
technique to control the energy flowing between photovoltaics (PV), fuel cells (FC),
batteries, and supercapacitors (SC). In [8], a rule-based energy management strategy
was used to operate a hybrid device with B/SC/FC in many operating modes. Jiang
etal. in Ref. [9] proposed a dynamic programming (DP) strategy to reduce the amount
of hydrogen used in a hybrid power system that uses a fuel battery, cell, and super-
capacitor to power the drivetrain. For the purpose of powering an electric car, Kamel
et al. [10] devised a unique consumption control technique using rule-based fuzzy
logic control with a number of multi-input sources, i.e., initially the input sources
consist of B/FC and later input sources combination of FC/SC/B.

The authors present in [11] an adaptive neuro-fuzzy inference system (ANFIS)
for efficient power management between FC and battery, which is often used to
power electric vehicles (EV). To improve the output power in an electric car using
neural networks, a power management technique with two sections—wavelet-based
and radial-based solutions—was developed in [12]. In order to control the power
between FC, B, SC, and EV, the authors developed a new power control mechanism
that focuses on wavelet transform techniques. By Djerioui et al., the gray wolf opti-
mizer (GWO) was created. A hybrid power system for electric vehicle applications
considers FC/B/UC [13]. For parallel HEVs, an FLC-based method was designed to
optimize the SoC, improve fuel efficiency, reduce nitrogen dioxide emissions, and
guarantee better drivability. An FLC-based Intelligent Energy Management Agent
(IEMA) was created to distribute energy among available resources. Energy require-
ments, vehicle speed, SoC, and FLC were constructed in [14] to improve system
performance.

Colvin [15] presents a number of power management options for FC-powered
EVs. Bison suggested a new optimization strategy based on a two-dimensional mech-
anism of the fuel efficiency of hybrid vehicles. Zhang et al. [16] used wavelet trans-
form and fuzzy logic methodologies to improve the energy management of hybrid
trams. The main goal of the project is the development of an ideal EMS to reduce
hydrogen consumption and loss of FC functionality. All optimization problems are
not fully solved by any of the different algorithms. This is consistent with the No
Free Lunch Scientific Theory, which is explored in [17], and shows that there is a real
need for new optimization techniques in the study of EV power management. One
important problem that could be solved is the measurement of hydrogen consump-
tion using a hybrid DC bus energy storage system. In addition, it combines each
DC/DC converter into a single device. In this research paper, an innovative hybrid
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Fig. 1 Conventional diagram of hybrid E-vehicle

power management system that incorporates ANFIS and serves as an adaptive control
system is used. This control system is modeled using MATLAB software to control
hydrogen consumption in the FC and to keep the battery level (percentage of SoC)
as high as possible in terms of life cycle costs and maintenance. With FC/B/UC
and PMS settings, a hybrid power control scheme is proposed to improve the fuel
economy of a hybrid electric vehicle, as shown in Fig. 1.

The essay is structured as follows. The literature review was described in Sect. 2
in relation to several problem statements. The proposed power management strategy
(PMS) approach is presented in Sect. 3. The analysis of the comparative findings
and the proposed technique are presented in Sect. 4. The primary findings that were
derived from conducting this proposed work are presented in Sect. 5 as a final point.

2 Literature Survey

MATLAB/Simulink was used to model fuel cell, ultracapacitor fuel cell, and ultraca-
pacitor fuel cell vehicles. Modeling features were included when they significantly
affected the optimization goals (e.g., in accurate modeling of DC/DC converters) and
excluded otherwise to achieve a good trade-off between accuracy and runtime (e.g.,
in simplified motor modeling). Based on efficiency, weight, and cost, the optimal
powertrain topologies for use in this paper were selected through qualitative anal-
ysis. Selected powertrain topologies are shown in Fig. 1. All three vehicle types use a
DC/DC converter to step up the fuel cell output voltage to match the motor controller
input voltage (250-400 V is a common range [18]). This design allows the use of a
smaller and therefore cheaper fuel cell, as the output voltage of the fuel cell can be
lower than 250 V. The number of battery or ultracapacitor cells that can be connected
in series with the ESS is limited because it is directly connected to the high-voltage
bus (with the exception of the vehicle battery fuel cell-battery-ultracapacitor). This
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limitation is acceptable because using a different DC/DC converter for the ESS would
increase the weight and cost of the car and reduce the efficiency of the system.

2.1 Batteries

Due to their better power and energy density, lithium-ion batteries are currently
widely considered to be the best option for energy storage in electric vehicles over
lead-acid or nickel-metal hydride batteries [6]. The basis of the battery model used
in this work is the high-performance lithium-ion cell ANR26650MI from A123
Systems. This paper exhibits great power density, high efficiency, and low cost
compared to batteries used in earlier vehicle studies [19, 20]. The total resistance
and the %V—SOC curves are determined by two variables, the number of cells in
series and in parallel (batt s and batt p). The %V—SOC curve is a function of the
percentage of peak voltage, as in the fuel cell model, allowing it to be applied to
different serial numbers of cells. Estimates put Colombian efficiency at 95% [21].

The battery voltage is multiplied by the measured battery current. In order to add
the energy entering or leaving the battery to the initial energy in the battery, this energy
is integrated and then converted from joules to kilowatt hours (in kilowatt hours).
The SOC of the battery in percent is then calculated by dividing the current energy
output of the battery by its total capacity. This %SOC is converted to voltage using a
lookup table based on the information for the ANR26650MI cell [22]. Since the bus
voltage rating for the ESS battery is 346.5 V at 3.3 V per cell, the number of battery
cells in series is fixed at 105 (with room to charge and discharge without exceeding
the motor controller voltage limits). The battery voltage is chosen to be lower than
the bus voltage for the battery-ultracapacitor ESS, which uses a two-quadrant DC/
DC converter between the battery and the high-voltage bus. The maximum number
of battery cells in series is 75, which allows the ultracapacitor bank to dissipate at
250 V. The weight of each cell is 70 g. The final weight per cell is 123 g after adding
53 g for packaging and cell balance. $110 was quoted as the price for six articles [23].
It is estimated that the price may drop as low as $100 for higher volume production. A
final $15 is added to each group of six cells for cell packing and balancing. Therefore,
each cell is expected to cost $19.15. The maximum current allowed is 70 A and the
price per kilowatt is expected to be $82.90/kW.

2.2 Fuel Cell Model

In order to vary the voltage of the fuel cell and battery independently of the voltage of
the ultracapacitor, DC/DC converters coupled to the fuel cell and battery are essential
components of the powertrain. If isolation is not required, as assumed in this paper,
and if the voltage gain is not excessive, as in this paper, a non-isolated DC/DC
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converter is suitable for use in fuel cell automobiles [24]. As a result, the fuel cell-
battery-ultracapacitor vehicle uses a straight-line bidirectional converter (see Fig. 5)
that connects the battery to the high-voltage bus, and all other types of vehicles use
a straight-line unidirectional boost converter (the converter in Fig. 5 with switch
S1 removed for ensuring unidirectional energy flow). This article uses basic hard-
switching converter models to simplify modeling and avoid the in-depth topic of
comparing different soft-switching methods based on efficiency, complexity, ease of
control, weight, and cost. It is common practice to use interleaved and/or softswitch
[25] converters at these high power levels.

Since the losses of the dynamic converter will impact the overall fuel consumption
of the car [26] and because a high-performance converter can increase the volume and
cost of the motor, it is essential to use a precise DC/DC converter. For example, when
determining the true benefit of using a smaller fuel cell or battery, it is important to
consider how much lighter and less expensive the accompanying DC/DC converter
will be.

2.3 Ultracapacitor Vehicle

In a car using an ultracapacitor, the ultracapacitor stores energy from regenerative
braking and offers additional power during acceleration. The energy storage capacity
of the ultracapacitor is usually insufficient for vehicle movement at low speeds.
Therefore, the control approach must guarantee that the energy storage capacity will
be used as efficiently as possible. Mirjalili [27] examines three approaches and shows
that optimal fuel efficiency is achieved by keeping the sum of the vehicle’s kinetic
energy and the energy stored in the ultracapacitor constant. This makes intuitive sense
because the ultracapacitor will have enough room to absorb regenerative braking
energy when the vehicle is braking, when its speed is high and its voltage is low.
The low-pass coefficient is again chosen as the controller variable. The power supply
of the fuel cell and the EZS are separated from the necessary electrical energy by
means of a filter. All ESS (transient) power is supplied by the ultracapacitor within
its current and voltage limitations. The battery supplies the remaining energy needed
in case the voltage of the ultracapacitor drops below its lower limit (250 V). If the
fuel cell is unable to provide electricity, or if the current consumption of the fuel cell
is less than 7.55%, the battery supplies additional energy.

3 Proposed Hybrid Power Management System

A hybrid energy storage system (HESS) consists of a supercapacitor, Li-ion batteries,
and a PEMFC. To ensure that the load has sufficient reliable power, these three
sources are often considered FCHEVs. Figure 1 shows the hybrid system analysis
configuration. The three power sources in this system are the capacitors, the fuel
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Fig. 2 Proposed hybrid power management system

cell, and the rechargeable battery. The fuel cell is equipped with a DC/DC boost
converter that rises its voltage level to the expected level and maintains it at the
outputs. A DC/DC bidirectional power supply device that converts variable power
into a fixed voltage is found in batteries. Supercapacitors have been included in
bidirectional converters that allow energy to be exchanged in both directions, similar
to some other capacitors (Fig. 2).

3.1 Fuel Cell

Various fuel cell technologies exist, and they are divided into groups based on the
electrolytes they use. Proton exchange membrane fuel cells (PEMFC) are a different
kind of fuel cell that are frequently utilized in automotive applications. There are
a number of novel fuel cell prototypes, each having a unique set of advantages
and disadvantages depending on the subject being viewed. Additionally, this study
proposes a straightforward electrochemical model that might be utilized to predict
how such a fuel cell will behave under both dynamic and static circumstances [28].
The relationship between the fuel cell voltage level and the absolute pressures of
hydrogen, water, and oxygen is the basis for the hydrogen fuel design used in this
work. Table 1 provides an illustration of the fuel cell stack’s specs. The relative
pressures of oxygen and hydrogen, the temperature at which the membrane hydrates
chemically, and the output current all affect the fuel cell’s voltage. Below is the
mathematical model.

VFC = ENernst - Vact - Vohmic - Vcon (1)



Enhancing Performance of Hybrid Electric Vehicle Using Optimized ... 617

Table 1 Fuel cell

specifications Fuel cell model (input parameters) Specifications
Voltage 535V
No. of fuel cell 65
Operating temperature 43 °C
Nominal efficiency of the fuel stack 55%
Response time of fuel cell voltage 1s
Voltage undershoot 2V

where Enemst Tepresents the mean value of thermodynamic potential in every single
cell unit.

Here,
Vact = Activation voltage drop,
Vohmic = Ohmic voltage drop,

Veon = Concentration voltage drop.
Hence, for N number of cells connected in series, the stack voltage Vycx is
described as

Vstack = N - Vrc (2)

3.2 Supercapacitors

One of the most recent developments in power storage technology, particularly for
integrated devices, is the use of supercapacitors. In this configuration, a series resis-
tance (Ry.) comparable to a capacitance (Cy) is connected. In Table 2, the UC’s
specifications are displayed. The supercapacitor voltage (V.), which results from
the SC current (/.), is calculated using the formula [29].

QSC
Vie =Vi — Ry X Iy = S_ — Ry X I (3)

N9

An electric vehicle that uses supercapacitors as its storage system must be built
with a set of cells where N S cells are connected in series and N P cells are connected
in parallel.
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’sI]‘;le::lieﬁ(z:a tiSOL:l;;ercap acitor Supercapacitor model (input parameters) Specifications
Surge voltage 306 V
Capacitor number in series 6
Capacitor counts in parallel 1
Rated voltage 290 V
Rated capacitance 145F
Operating temperature 24 °C

’sll?gieﬁgaﬁlz,ir_lison battery Battery model (input parameters) Specifications
Minimal voltage 48V
Determined capacity 40 Ah
Esteemed capacity 40 Ah
Nominal voltage capacity 35.15 Ah
Response time of battery voltage 29s
Fully charged voltage 55.77V

3.3 Battery

A tiny controlled power supply is built into the battery in series with a fixed resistance
like this [20]. Table 3 lists the requirements for Li-ion batteries. The battery voltage
Vat 18 specified in Eq. (1).

Vbat =E— Rbat . Ibat (4)

3.4 Adaptive Network-Based Fuzzy Interface System
(ANFIS)

Power management techniques have emerged to support industrial work, such as
fuzzy approaches, which are more used in systems control, by automating the
learning experience. ANFIS is a key method that combines rule-based fuzzy logic
control methodology and artificial neural network (ANN) learning ability to develop
acomplete set of all different kinds of feed-forward neural networks using supervised
learning functions [31]. The ANFIS strategy is used as a hybrid training procedure
based on relevant data, input/output, and coupling factors.

The architecture is shown in Fig. 3 as having only one hidden layer. The input
node is represented by layer 1, the fuzzification nodes are in layer 2, the result nodes
(hidden) are in layer 3, the defuzzification nodes are in layer 4, and the output node
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is represented by layer 5 []. A node can also be updated, at which point it will be
divided into dynamic and static categories. Layers 2 and 4 are examples of dynamic
nodes, while layers 1 and 3 are examples of stable nodes. The Li-ion battery SoC
with three membership functions (MF) and the vehicle energy load represented by
Pload are both used as inputs of the ANFIS control technique to predict the output
power of the fuel cell [31]. The predicted proportional benefit from the PEMFC level
is the result of ANFIS. ANFIS uses proportional variables to quickly measure and
change standards.

4 Results and Discussion

The performance of EV driving just with the battery, fuel cell, and supercapacitor has
been compared with the performance of EV driving in order to assess the efficacy
of the proposed ANFIS energy management method (Figs. 4, 5, 6). The primary
simulation parameters are listed in Table 4.

Moreover, the most successful offline global optimization method, dynamic
programming, was compared with the proposed EMS for an online driving cycle in
this study. The priority and effectiveness of the proposed approach will be guaranteed
by its advantage over the dynamic programming method. In addition, the dynamic
programming method does not limit the power generated by the PEMFC to specific
operating locations. The simulation results of the proposed strategy are contrasted
with the results of the dynamic programming approach, the most successful offline
global optimization technique. For example, the fuel consumption in the proposed
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Table 4 Comparison performance [32]

Power device’s | Drive range (km) | Specific energy consumption (Wh/km) | Energy saving (%)
Fuel cell 150 93 +13
Supercapacitor | 150 91 + 15
Battery 150 90 +2.5

Table 5 Characteristics of cell present and future battery technologies for EVs [33]

Parameter’s Cell voltage Ah Wet kg EV W/kg HEV W/kg
Batteries 2.8 30 87 140 521
Fuel 2.7 15 60 127 540
Supercapacitor 34 20 24 5.5 250
PV 1.5 20 24 40 156

Table 6 Simulation results comparison for different driving cycles [34]

Driving cycle Proposed HEV Proposed HEV Proposed HEV
FC/Bat (kW) FC/PV/Bat (kW) FC/Bat/PV/UC (kW)

UDDS 7.57 7.64 7.85

NEDC 5.28 5.33 5.54

JP 3.43 3.81 3.90

EMS is 7.64 MPG, while the fuel consumption in the DP strategy is 7.65 MPG in
the UDDS driving cycle for an identical FC/battery/UC structure. As a result, the
fuel consumption of the proposed EMS is roughly equivalent to that of the DP tech-
nique. Table 4 also lists battery power fluctuations. According to the findings, the FC/
battery/UC arrangement with the proposed EMS has the least performance variation
compared to the alternative tactics (Tables 5, 6).

5 Conclusion

In order to save gasoline as much as possible, this study proposes an ANFIS for power
management in hybrid electric vehicles, with fuel cell (FC) as the primary energy
source and batteries (BB) and ultracapacitors (UC) as secondary sources. The battery
SoC is controlled by battery performance penalty coefficients in ECMS, a cost-based
optimization approach. UC efficiency is not considered in this optimization strategy.
Once the UCs are depleted, they can be recharged with the same power from the
battery bank thanks to converters in the battery bank that control the DC bus voltage
profile. During the load cycle, the battery and FC balance the load demand. This
study recommends ANFIS for power management in hybrid electric vehicles, with
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fuel cell (FC) as the main energy source and batteries (BB) and ultracapacitors (UC)
as secondary sources to save as much oil as possible. The battery SoC is controlled
by battery penalty coefficients in ECMS, which is a cost-based optimization method.
This optimization technique does not consider the utility of UC. The battery bank
has converters that regulate the DC bus voltage profile so that if the UCs are depleted,
they can be recharged with the same power from the battery bank. The battery and
FC balance the load demand during the load cycle.
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Abstract

The reliable and uninterrupted supply
of electrical power is fundamental to modern
society's  functioning. However, Power
Quality Disturbances (PQDs), encompassing
a diverse range of transient events such as
voltage sags, swells, harmonics, and
interruptions, can compromise the stability
and effectiveness of power systems.
Detecting and accurately classifying these
disturbances, particularly those involving
multiple and multistage events, is pivotal for
mitigating their adverse effects. In response
to this challenge, this research paper presents
an in-depth investigation into the use of the
S-Transform, a time-frequency analysis
technique, for the detection and classification
of multiple and multistage PQ disturbances.
We propose a comprehensive methodology
that integrates the S-Transform with
advanced classification techniques, including
Feed Forward Neural Network (FFNN). The
effectiveness of the proposed methodology is
demonstrated through the PQ disturbance
datasets. The results showcase the S-
Transform's aptitude in revealing fine-
grained time-frequency structures inherent in
multistage disturbances. Furthermore, the
integration  of advanced classification
techniques vyields robust and accurate
identification of disturbance types, ensuring
timely and appropriate responses to mitigate
their impact.
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I. INTRODUCTION

In modern society, the uninterrupted supply of electric power has become an
indispensable necessity for the operation of various critical infrastructures, industrial
processes, and domestic activities. However, the reliability and quality of power supply are
often challenged by a multitude of disturbances that can disrupt the normal functioning of
electrical systems. Power Quality (PQ) disturbances encompass a wide array of transient and
non-stationary events, such as voltage sags, swells, interruptions, harmonics, and flicker,
among others. These disturbances can lead to severe economic losses, equipment damage,
and operational disruptions, underscoring the significance of accurate and timely detection
and classification.

To address these challenges, researchers and practitioners have focused their efforts
on developing advanced techniques for the detection and classification of PQ disturbances.
Traditional methods often rely on Fourier Transform-based techniques, which are suitable for
stationary signals but fall short when analyzing non-stationery and time-varying disturbances.
In response to this limitation, the S-Transform, also known as the Stockwell Transform, has
emerged as a promising tool for the simultaneous analysis of signals in both the time and
frequency domains. Its ability to provide enhanced time-frequency resolution makes it well-
suited for the detection and classification of multistage PQ disturbances.

This research paper presents a comprehensive investigation into the application of the
S-Transform for the detection and classification of multiple and multistage PQ disturbances.
We delve into the underlying principles of the S-Transform and its advantages over
conventional techniques in handling transient and non-stationary disturbances. Leveraging
this transformative analysis method, our study aims to not only enhance the accuracy of
detection but also enable the differentiation of complex PQ disturbance patterns that may
involve multiple stages of events.

Il. RELATED LITERATURE

The research conducted by Kuo et al. (2009) presented a novel approach for the
detection and classification of multistage power quality disturbances using the S-Transform
and probabilistic neural networks. The study highlighted the effectiveness of the S-Transform
in capturing time-frequency features of PQ disturbances, enabling improved discrimination
between different disturbance types. The integration of probabilistic neural networks
provided accurate classification results, enhancing the overall reliability of the detection
system.

Chandrasekaran and Sankaranarayanan (2010) proposed a method for PQ disturbance
classification using the S-Transform and an adaptive network-based fuzzy inference system
(ANFIS). The researchers showcased the ability of the S-Transform to capture transient and
non-stationary features of PQ disturbances. The ANFIS-based classification demonstrated the
system's adaptability to varying disturbance patterns, making it suitable for real-world
applications.

Messina et al. (2011) contributed to the field by developing an automatic detection
and classification framework for power quality disturbances using the S-Transform and fuzzy
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c-means clustering. The study emphasized the effectiveness of fuzzy clustering in identifying
clusters of similar disturbance patterns, which facilitated accurate classification. The
combination of the S-Transform and fuzzy clustering provided a robust solution for handling
multistage disturbances.

In another study by Cheng et al. (2011), the authors investigated the automatic
detection and classification of power quality disturbances using the S-Transform and a
probabilistic neural network. The research highlighted the S-Transform's ability to reveal
intricate time-frequency structures in disturbance signals. The probabilistic neural network
demonstrated its proficiency in effectively distinguishing between various PQ disturbance
types, enhancing the overall reliability of the classification process.

Yu et al. (2012) contributed to the field by presenting a power quality disturbance
detection and classification methodology based on the S-Transform and probabilistic neural
network. The research showcased the potential of the S-Transform in characterizing complex
disturbances with multiple stages. The integration of a probabilistic neural network ensured
accurate classification, underscoring the practicality of the approach for real-world power
systems.

Collectively, these research papers highlight the significance of the S-Transform as a
valuable tool for capturing time-frequency features of PQ disturbances, particularly those
involving multiple and multistage events. The incorporation of advanced classification
techniques, such as probabilistic neural networks and fuzzy clustering, further enhanced the
accuracy and reliability of detecting and classifying these disturbances. The studies
underscore the importance of these methodologies in ensuring the stability and reliability of
power systems, particularly in the presence of intricate PQ events that can lead to significant
operational and economic consequences.

1. S-TRANSFORM

The S-Transform, also known as the Stockwell Transform, is a time-frequency
analysis technique used to analyze signals in both the time and frequency domains
simultaneously. Unlike traditional Fourier-based techniques that provide a static frequency
representation of a signal, the S-Transform captures the dynamic changes in frequency
content over time, making it particularly useful for analyzing non-stationary and transient
signals, such as those found in power quality disturbances, seismic signals, and biomedical
data.

At its core, the S-Transform combines the concepts of the Short-Time Fourier
Transform (STFT) and the windowed Fourier Transform. While the STFT uses a fixed
window to analyze signal segments, the S-Transform employs an adaptive window that
adjusts its length according to the local frequency characteristics of the signal. This adaptive
window allows the S-Transform to provide higher time resolution in regions with fast
frequency variations and higher frequency resolution in regions with slow variations.
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The mathematical representation of the S-Transform of a signal x(t) at a specific time
t and frequency f is given by:

Se(t,f) = [, x(D)g(t — r)e 2 =D& (1)
Here
x(t) is the input signal
g(t)is the analyzing window function
f represents frequency
t denotes time
I is the imaginary unit

The result of the S-Transform is a complex-valued matrix where the magnitude
represents the amplitude of the frequency component at a specific time and frequency, and
the phase represents the phase information.

IV. FEED FORWARD NEURAL NETWORK (FFNN)

Feedforward neural network is a fundamental architecture in artificial neural networks
that models the relationship between input data and corresponding output predictions. It is a
form of supervised learning where the network learns to map input features to desired output
labels through a series of interconnected layers. Feedforward neural networks are widely used
for various tasks, including pattern recognition, classification, regression, and function
approximation.

A feedforward neural network consists of layers of interconnected nodes, commonly
referred to as neurons. These neurons are organized into three main types of layers: input
layer, hidden layers, and output layer. Information flows from the input layer through the
hidden layers to the output layer without any feedback loops, hence the term "feedforward."

Each neuron in a layer is connected to all neurons in the previous layer and to all
neurons in the subsequent layer. These connections are associated with weights that
determine the strength of the connection. The process of learning in a feedforward neural
network involves adjusting these weights to minimize the difference between the network's
predictions and the actual target values, typically using optimization algorithms like gradient
descent.

The output of each neuron is determined by an activation function. Common
activation functions include the sigmoid function, rectified linear unit (ReLU), and
hyperbolic tangent (tanh). These functions introduce non-linearity to the network, enabling it
to model complex relationships within the data.

The operation of a feedforward neural network occurs in two main steps: forward
propagation and backpropagation. During forward propagation, input data is fed into the
input layer. The input is multiplied by the weights and passed through the activation
functions in each subsequent layer, ultimately producing an output prediction in the output
layer.
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Mathematically, the output O; of a neuron j in a layer can be expressed as:
0 = fQQiwi.0; + by) (2)

Here:
w;; is the weight of the connection between neuroni in the previous layer and neuron j in
the current layer.

o; 1s the output of neuroni in the previous layer.

b; is the bias term associated with neuron j.

f is the activation function.

Feedforward neural networks provide a powerful framework for learning complex
relationships in data. By organizing neurons into layers and using activation functions, they
can model intricate patterns within input data and generate meaningful predictions. The
training process, involving forward propagation and backpropagation, enables these networks
to adapt their weights and biases to optimize their performance on specific tasks. As a
foundational concept in artificial intelligence and machine learning, feedforward neural
networks continue to drive advancements in various fields by enabling computers to learn
from data and make informed decisions.

V. PROPOSED METHODOLOGY

In this algorithm the PQ disturbance signal is processed using S-Transform. The
resultant S-Transform complex matrix is obtained. To obtain the maximum voltage amplitude
versus time contour, the maximum of the absolute value of S-Transform matrix has been
taken for analysis. It provides the absolute value of the fundamental frequency element
present in the PQ disturbance signal. Figure 1 shows the flowchart of the proposed
methodology adopted in this research work.

Generate PQ Disturbances

v

Perform ST Analysis of Voltage Signals

v

Obtain ST Matrix

v

Calculate maximum of the absolute values of ST Matrix

v

Caclulate Parseval's Energy

v

Classify the PQDs using FFNN

Figure 1: Flowchart of proposed methodology
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V1. GENERATION OF POWER QUALITY DISTURBANCES

The Power Quality Disturbances required for the evaluation of the performance of
proposed algorithm are generated by using the integral mathematical models of PQDs as per
the standards. By varying the parameters of the models, we obtained different dataset of
PQDs. The details of the multiple and multistage PQDs considered under study is given
below.

1. Multiple Power Quality Disturbances: The superim position of more than one type of
PQ disturbances during the same period corresponds to multiple PQ disturbances e.g.,
voltage sag with flicker, voltage swell with harmonics, transient with harmonics, flicker
with harmonics, interruption with harmonics,voltagesag with harmonics,etc.These
disturbances are generated by the addition/multiplication of single-stage PQ disturbances.
PQ variation such as harmonics which always exists in a power distribution network,
when multiplied with single-stage PQ disturbances, produces multiple PQ disturbances.
The multiple PQ disturbances havebeen generated as shown in Figure 2-4. The selection
of parameter values of these disturbances has been performed as perTablel.

Table 1: Mathematical Modeling of Multiple PQ Disturbances

g EQ Mathematical model Parameter range
disturbance
7(1) =(1— —t*)—(r—r** 0.1<8<09, T<t**—r*<9T
Sag with V(1) (l ﬂ(u(t t*)—u(t—t ))) . O;f L i
harmonics e
' (,Bl sin(er )+ By sin (301 )+ fs sin(5or )+ S, sin(?mt)) spB2=1
ey V()= [1+,3 u(t—t¥)—u(r— r"* ] 0:1<p<08, F<t*™—-r<0F
Swell \V.lﬂ'l ( 0.05< p; . fs. py <0.15,
harmonics (,Bl sin(er)+ S sin( a()r)+,8< sin(Sar)+ 5 3111(7()1‘)) sp2=1
Interruption V()= [ ,H(u t—t¥)—u(t— t*" J 0-9_§ﬁ51-0- Tﬁf**—_f*S9T
with 0.05<8;.55.67<0.15,
harmonics ( B sin(ox)+ f; sm( 3or)+ Bs sm(i v)+ By 5111(7()r)) 5 B

Voltage Sag+Harmonics

Amplitude(pu)
L]

1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time(s)

Figure2: Simulated sag with harmonic signal
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Voltage Swell+Harmonics
T T T T T T
-1
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o
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o
20
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s
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Time(s)

Figure 3: Simulateds well with harmonic signal

Voltage Interruption+Harmonics
T T T T T

0.5

Amplitude(pu)
=

'
-
T

0 01 02 03 04 05 06 07 08 09 1
Time(s)

Figure 4: Simulated interruption with harmonic signal

2. Multi Stage PQ Disturbances: Multi-stage PQ disturbances are defined as the single-
stage PQ disturbance followed by some other PQ disturbance before the recovery of the
former disturbance e.g., voltagesag followed by swell, voltages well followed by sag
,transient followed by sag, transient followed by swell, etc. These disturbances change
their parameters before recovery. It is formed using the addition of single-stage PQ
disturbances. Several generated multi-stage PQ disturbances (two stages) are shown in
figure 5-7.The parameters of these disturbances are selected as per Table 2. Likewise, the
multi-stage PQ disturbances having more than two stages which may be possible due to
the complexity of the power system, can be synthetically generated.

Table2: Mathematical Modelling of Multi-Stage PQ Disturbances

. FQ Mathematical model Parameter range
disturbance
_ lfﬁlfrt[rfr*‘|fu|"rfr**]‘|+ ek
Multi-stage V)= (W / \ / sin ot 0.1 8.6 209 T <t**—*<9T,
sag B (g — gy g g — gk T <p¥¥%_p¥*< T,
1 ﬁz.\u-lr .f*J u\r—t .JJ
. L+ Bl u(t—r%)—u(r—1%%) |+ 0.1<p.6, 0.8,
léa_liiﬁ-srage V= ( _ . ] sinar T<r**—r*<oT.
: 1—ﬁ3{u[r—r**)—u(r—r**’-‘)) T<r#*¥_p¥%<oT
. ) 0.1=5 =009,
. 1- r—r¥)—u(r—r**) |+
Multi-stage V)= ﬂl[_”( ) ”( )] sin of 0.1=p, =08,
sag with swell 1+,[)‘-,[H(I—r**]—u[r—r***]] T <rp#%_pE<QT.
N T<pex¥_p#%<QT
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Multistage Voltage Sag

2 05}

g |
k=]

2 0

s |
5-0.5 r

Figure 5: Simulated multi-stages ag signal

Multistage Voltage Swell

Amplitude(pu)
' o
= (4]

Figure 6: Simulated multi-stages well signal

Multistage Voltage Sag with Swell

Amplitude(pu)
' o
= (4]

Figure 7: Simulated multi-stages ag with swell signal

VII.  S-TRANSFORM ANALYSIS RESULTS
The voltage signals corresponding to multiple and multistage Power Quality

Disturbances are processed using S-Transform. The results of the ST analysis is discussed in
this section. Figure 8 (a) — 10 (a)show the three types of multiple PQ disturbances and Figure
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8 (b) — 10 (b) show their voltage amplitude versus time vectors respectively. Three cases of
multistage PQ disturbance have been shown in Figure 11 (a) — 13 (a)with their voltage
amplitude versus time vectors as shown in Figure 11 (b) —13 (b). From the figures obtained
from ST analysis it is cleared that the time versus normalized amplitude plot obtained from
the maximum of the absolute value of S-Transform matrix forms an important aspect for the
classification of both multiple and multistage PQDs. These characteristics found to be distinct
for different PQDs.

el

0 0.1 0z 03 04 05 06 07 08 09 1
Time (sec.)

Figure 8: (a) Sag with harmonics (b)Voltage amplitude vs time vector
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Figure 9: (a) Swell with harmonics (b)Voltage amplitude vs time vector
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Figure 10: (a )Interruption with harmonics (b)Voltage amplitude vs time vector
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Figure 11: (a) Multi stage sag (b) VVoltage amplitude vs time vector
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Figure 12: (a) Multi stages well (b) Voltage amplitude vs time vector
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Figure 13: (a) Multi stages ag with swell (b) Voltage amplitude vs time vector
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VIIl. FEATURE EXTRACTION FROM S-TRANSFORM ANALYSIS

The existing literature focuses ondetectionand recognition of single-stage PQ
disturbances. So, this work emphases on the detection and classification of multiple and
multistage PQ disturbances using S-Trans form. Voltage amplitude versus time vector
obtained from S-Trans form complex matrix clearly depicts the PQ disturbance behavior.
Further, features extracted from the transformed signals are used for automatic identification
of multiple and multistage PQ disturbances. The Parseval’s energy calculated from the
magnitude of time vs normalized amplitude plot is used to classify the multiple and
multistage power quality disturbances. Figure 14 shows the Parseval’s energy plot of both
multiple and multistage PQ disturbances. By calculating the values of energy corresponding
to different PQ disturbances a dataset is created for the classification of disturbances.

PARSEVALS ENERGY
15000 | T |
10000
€L
E=]
=
=
E
<L
5000
0
\ﬂe&\ ° r:')‘ang \N Gﬁ 06\05 0.{'\\@
o W W o o

Figure 14: Parseval’s Energy calculated for multiple and multistage PQ disturbances
IX. FEED FORWARD NEURAL NETWORK CLASSIFIER RESULTS

The feature vector of 20 datasets of each disturbance is created by computing the
Parseval’s energy of different PQDs from the ST analysis. The training and testing of Feed
Forward Neural Network (FFNN) are done using the extracted feature vector. Table 3 shows
the results of the FFNN classifier represented in the form of confusion matrix. In the
confusion matrix the diagonal elements denote correctly classified PQDs, while the non-
diagonal elements denote misclassification. All diagonal elements are averaged to calculate
overall accuracy.
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Table 3: Confusion Matrix of FFNN Classifier

Class| C1 | c2 | c3 | c4 [ ¢c5 | Cb
ClL | 20 - - - - -
C2 - 20 - - - -
C3 - - 20 - - -
C4 - - - 20 - -
C5 - - - - 19 1
C6 - - - - - 20

Inordertoevaluateandexaminetheperformanceofthedetectingalgorithm, a classification
system technique is needed. In this research work Feed Forward Neural Network (FFNN) is
used as a classifier. Table 4 shows the results of FFNN.

Table 4: Classification accuracy of FFNN with hidden layers

Class PQDs 1 hiddenlayer | 2 hiddenlayers
Cl Sag with Harmonics 100.00 % 100.00 %
C2 Swell with Harmonics 100.00 % 100.00 %
C3 | Interruption with Harmonics 95.00 % 100.00 %
C4 Multistage Sag 100.00 % 100.00 %
C5 Multistage Swell 95.00 % 95.00 %
C6 Multistage Sag and Swell 100.00 % 100.00 %

Overall Accuracy 98.33 % 99.17 %

X. CONCLUSION

In the S-Transform based multiple and multistage PQ disturbances detection and
classification approach the normalized amplitude versus time vector is obtained from the S-
Transform matrix clearly shows the behavior of PQ disturbance. The features extracted from
the transformed signals are used for automatic classification of multiple and multistage PQ
disturbances. The Parseval’s Energy computed using the normalized amplitude found
sufficient to categorize the PQ disturbances based on threshold values. The computational
complexity and time of S-Transform is high which limits its application in real-time detection
of PQ disturbances. The FFNN trained and tested using the Parseval’s energy gives accuracy
of 95% and above for individual disturbance and overall accuracy is more than 98%.
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VOLTAGE SAG REDUCTION USING A UVTG-BASED
DYNAMIC VOLTAGE RESTORER

Abstract

Unnecessary clash is  caused
through voltage dips or sags on both the
utility and consumer sides. In order to
correct voltage sag. In this Paper, a custom
power Device ( DVR ) with voltage source
converter (VSC) topology is used. A
modified power device called a dynamic
voltage restorer (DVR) is used to decrease
power quality concerns in the electrical
power system network and promote voltage
stability. DVRs are normally installed in
the delivery network between load feeders
and sources. This study discusses a method
of voltage sag correction unit vector
template generation (UVTG)-based and a
dynamic voltage restorer. The results are
acquired following simulation with the
MATLAB program.

Keywords: Dynamic voltage
sensitive load, and voltage sag.

restorer,
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I. INTRODUCTION

The primary concept in today's power delivery systems is power quality. Poor power
quality has a number of repercussions on energy consumers, including production loss,
appliance damage, increased power losses, interference with communication lines, & so on.
The basic purpose of electrical utility providers is to deliver continuous, constant-magnitude
sinusoidal voltage to its customers [1,2]. To improve power quality, custom power devices
are employed. Hingorani initially suggested customized power in 1995 [16]. Custom power
(CP) is a term that refers to the usage of electronic controllers in power system networks. A
few examples of specialist power units include the Distribution Statcom (D-STATCOM),
Dynamic Voltage Restorer (DVR), and Unified Power Quality Conditioner (UPQC). Battery
Systems (BESS), Distribution Series Capacitors (DSC), and Surge Arresters (SA),
Uninterruptible Power Supplies (UPS), Solid-State Fault Current Limiters (SSFCL), Solid-
State Transfer Switches (SSTS), and Static Electronic Tap Changers (SETC) are all examples
of solid-state devices. Either in series, shunt, or a combination of the two connections are
used to connect the CPD devices. Power systems ensure high-quality electrical power
supplies, which calls for balanced, sinusoidal voltage and current waveforms. Additionally,
the system's voltage level torque should be within a safe range, often within 100+ -5% of its
rated value. The performance of the equipment is compromised if the voltage is greater or
lower than this predetermined value. There is a requirement for voltage adjustment because
when the voltage is low, the television's picture begins to roll and the induction motor's
velocity is reduced to the square of the voltage. Today, the electric utility grid's focus on
power quality is crucial. Voltage conflict at the PCC causes sensitive industrial equipment to
malfunction, which results in the failure of grid component [5, 6]. For reducing this voltage
disturbance and safeguard sensitive loads from it, dynamic voltage restorations are an
effective solution. The voltage level on the system should also be within a secure range,
often within +- 5% of their rated value if the voltage is more or less than this precise value,
performance of the voltage sag, which is the majority significant voltage disturbance. The
VSC that add a series voltage into the line is known as a DVR. DVR have the ability to
function as series active power filters. The UVTG control approach, which is DVR-based, is
used to compensate for voltage sag in this paper.

Il. DVR CONFIGURATION

A dynamic voltage restorer's main components are the insertion transformer,
harmonic filter, VSC, and energy storage control [9].
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Figure 1: DVR Configuration

The DVR is a device that is associated in series to remove voltage sag. The dynamic
voltage restorer solutions for the supply voltage issue by injecting a voltage series into the
line, resulting in distortion-free voltage at the load terminal. The subsequent equation
illustrates the series converters.

Vinjected(®t) = Vioad(®t) — Vsource(t) 1)

Vinjected(t), Vioad(t), and Vsource(t) are the voltage to be added, load side voltage, and
genuine supply voltage of a series converter, respectively."Figure 1.shows the configuration
of DVR. The DVR is separated into two sections: a) The power circuit and PI controllers, and
b) Circuit that to be controlled. The main circuit i.e. Power is made up of a voltage source
converter (VSC), a series linked booster transformer, a passive filter, and some storing energy
devices. The DVR circuit is used to compute the responses of the control signal that should
be injected from side to side DVR, such as amplitude, frequency, and phase shift. In
response to this control signal, the main part of circuit is use for injection of voltage. To
remain the load side voltage to susceptible loads within safe limits, the DVR compensates for
voltage sag. The DVR is designed to eliminate voltage sag of varying magnitudes for varying
durations. Because the delta-star transformer connection in the distribution system does not
permit zero sequence voltage to pass through, only positive sequence voltage restoration and
negative sequence voltage compensation are essential. The Voltage source Converter
employs an insulated gate. i.e. Thyristors are used. It is fueled by an power source and uses
an inverter to produce modified Sinusoidal voltage. The filter suppresses switching
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harmonics and corrects the compensated voltage to be injected. An insertion transformer
connected in sequence with the distribution line connects the DVR to the system. The three
single phase insertion transformer is used to insert voltage into PCC that is not present. This
study's major purpose is to adjust for both symmetrical and unsymmetrical voltage sags.

111.DC CAPACITOR SELECTION

The value of dc capacitance is selected on the basis of amount of transient energy
required when the load varies. The energy stored in the capacitor is used to meet the energy
demand of the load for a fraction of the power cycle.[18]

(24 Coc(V?pe —V?oc1)}=3Vils At(4)

Where Vpc is the rated voltage, Vpc; is the voltage drop allowed during the transient,
t is the time required for support, and Cpc is the DC bus capacitance.

IV.CONTROL ALGORITHM AND METHDOLOGY
In this part the suggested control technique for the DVR. As demonstrated in figure.

2, the UVTG technique is employed to regulate the DVR in the controlled block diagram
DVR in order to provide a reference voltage signal.[2][3][4]

desired voltage
magnitude
Vsa
—F sin Vm |
| Ua
Vsh n
¥, PLL »
Ve s |
Vm
——»
8 Ub Vref
|| -120 phase Y Bty
shift
Vm
—
+1209|J|'IESE Ue
L»| shift

Figure 2: Shows a Overall Control Algorithm
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Voltage between the PCC and the load side voltage is controlled by the series filter
component (DVR) such that it is balanced, distortion-free, and maintains the appropriate
range. The input voltage may be not proper, or power quality problems may exist on the
system. To produce the controlled voltage signal by UVTG, the input supply voltage is
measured and multiplied by gain equal to 1/Vm ( Vm is the maximum value of the reference
voltage ). The PLL is used to coordinate the supply voltage. The equation below shows how
to use UVTG and a PLL to generate a three-phase voltage reference signal for a series APF.
Three-phase voltage is distorted. Voltages are sensed and sent through a PLL, which
generates two quadrature unit vectors (sinyt and cosyt). The in-phase sine and cosine outputs
of the PLL are used in equation to compute the supply in phase, 120° displaced three unit
vectors (ua,ub, uc) as follows:

ua 1

0
ino
ub |=| —1/2 —J3/2 [S'n j

cos @
uc —-1/2 J/3/2 2

The three-phase reference voltages are obtained by multiplying with Ua ,Ub, Uc by
the needed peak value of the phase voltage (Vm).

Via ua
VIib |=Vm| ub
Vic uc

(3)

338 Volts is the required maximum range of voltage under consideration. The
calculated voltages from the reference voltages from Equation (2) are then feed into the
comparator device, together with the sensed three phase load voltages. In this way error
signal is generated.

Vref Verror

VL

Figure 3: Error signal generation
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Figure 4: Creating pulses to triggered the Gate

Above figure shows the creation of pulses from an error indication as well as the
required corrected to be needed. The error signal is compared to the needed % correction, and
the output data type is changed with respective required logic. The consistent operation of the
signal generates the required pulses for the inverter, which get required correction in the
system voltage.

V. CONTROL ALGORITHM

This controlled algorithm perform the operations like voltage sag detection , various
distortion, and harmonics in the system; calculated the voltage correction; generating pulses
for triggering the inverter to the PWM-based DC-AC inverter; correcting any anomalies in
the series voltage injection; and terminating the trigger pulses when the event has passed. The
controller can also be used to convert the DC-AC inverter into rectifier mode and charge the
capacitors in the DC energy link in the absence of voltage sags. The control strategy proposed
for the system is based on a comparison of a voltage reference and the measured terminal
voltage (Va, Vb, Vc).When the supply falls below a particular threshold, voltage sags are
detected at 20% of the reference voltage.The error signal is used as a modulation signal to
generate a commutation pattern for the voltage source converter's power switches (IGBTS).
The commutation pattern is formed using The sinusoidal pulse width modulation (SPWM)
technique; the modulation controls voltages. The phase locked loop circuit is intended to
produce a single alternating current wave In-phase with the system voltage.
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Figure 5: Required Pulses for triggering

The comparator creates switching waveform for Series filters. It generates the
essential signals for swathing to convert the voltage signal at system to the suitable reference
voltage. Consequently, the ripple filter voltage applied to the series transformer effectively
eliminates both balanced and unbalanced voltage sags within the power supply.

Figure 6: Output of transformer
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Above displays the voltage signal that will be inserted in series with the load voltage
signal. The injected voltage is the somewhat sine wave voltage induced by winding
inductance of transformer.

VI.RESULTS AND SIMULATION MODELLED

Simulation and results for DVR voltage sag correction using a proposed technique is
approach. The UVTG control technique was used to evaluate two situations for the DVR,
which are listed below usning MATLAB software.

1. Mitigation of 20% Voltage sag from all three Phases: Sag is usually caused by faults
or the start of a sudden significant load. The system under consideration as follow.

T
owee | 7 iy

. LOAD

r;
|

|_3§;§;§,S :i PEEEEE Injection
ey : . ] l transformer
/
- i
E:p—r L L S
From 2 l_ ]
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53030
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a»:::—r
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Figure 7: System Under Consideration

The below figure shows the results of 20 percent supply balance voltage sag
developed in every phases due to addition of non linear load at 0.04 Second and reduce
at 0.12 second displayed in below results. The DVR is in operation and insert the required
sag voltage during the disturbance when the supply voltage sag occurs at 0.04 second.
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Figure 8: Case I simulation and results are shown
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Table 1: Case | Observed Output

25% Voltage sag in three phases:
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Figure 9: System Under Study
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The below figure shows that a 25 Percent Source voltage sag is developed by a LLL-
G Fault for the duration of 0.08 second is given in the figure. When the supply voltage
reduces, the DVR comes into the actions and compensate the required voltage.

| | i
: COMPENSATED SIGNAL

Figure 11: Signals of simulated results.

System Sag Inserte | Compens
Voltage d Voltage ated
voltage
415Volts 0.25 0.125*2 1 per
per unit unit

Table 2: Case Il Observed Output

3. 25 Percent sag compensation in R phase: The below figure shows that 25 percent sag is
developed by L-G faults for the duration of 0.08 Second, then the DVR comes into the
action and will inject the required magnitude when sag happened at 0.04 second

S

h W’W NI

I I ERRQR_SIﬁNAL I I T

I
COMPENSATED SIGNAL
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Figure 12: waveform of Results 3.
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System Sag Inserte | Compens
Voltage d ate
voltage | Voltage
415.00Volt 0.25 0.125*2 1 per
S per unit unit

Table 3: Output Seen It is demonstrated in both cases that the voltage injected by the
inverter equals 1- (Error Voltage) = Sag in per Unit

VIl. CONCLUSION

The designing and MATLAB results of a DVR is describe. A projected control algorithm for
DVR based on UVTG. The proposed control approach was put to the check using MATLAB
models. The results show that the DVR performs adequately in terms of minimizing Power
Quality disturbances. The Observations also disclose that the DVR adjusts prompt to sags and
has immense voltage directive. The DVR can effortlessly handle various situations of
disturbances and compensate the essential voltage component to swiftly rectify any cause in
the source voltage for clearing the power quality disturbances.
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DISCRIMINATION OF INTER-TURN FAULTS FROM
MAGNETIZING INRUSH CURRENT IN
TRANSFORMER: A WAVELET TRANSFORM

APPROACH

Abstract

To distinguish the magnetizing inrush
current and internal fault accurately &
quickly is a crucial issue in the transformer
protection. .. This paper describes a novel
and simple technique to discriminate the
magnetizing inrush current and inter-turn
fault using the wavelet transform avoiding
rigorous mathematics. This method is
independent of setting any threshold for
discrimination amongst these, and capable of
detecting interturn short circuit involving
few turns also, which is otherwise very
difficult to detect. With a thorough
explanation of the proposed criterion,
practical results for the specially constructed
transformer are shown. The difference
between the two-peak amplitudes of wavelet
coefficients in a given band is used to build a
discriminating  function  for  feature
extraction. This differentiation will help in
the creation of an automatic detection system
that will provide information to anticipate
the failure in advance and allow the
appropriate corrective actions to be made to
decrease downtime and avoid outages.

Keywords: Inter-turn fault, Magnetizing
inrush current, wavelet transform
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I. INTRODUCTION

The transformer, an important part of electric power systems, is crucial to the power
system's secure operation. Due to its straightforward operating principle and sensitivity,
differential protection has long served as the transformer's primary method of protection
[1],[16]. How to distinguish a magnetising inrush from an internal failure, nevertheless, is a
key differential protection problem. The traditional method uses the second harmonic
component of differential currents to limit the differential relay's operation so as to prevent
tripping during conditions of magnetising inrush. [2].

It is commonly known that this strategy falls short in various ways when it comes to
protecting modern power transformers. High performance relays are also necessary for the
modern power system, particularly in terms of operating speed. The peaked wave
characteristics of the transformer core's asymmetric saturation are also present in the
magnetising inrush. These features enable a new field of investigation for increasing the
relays' working speed by identifying magnetising inrush [15].

The power industry is becoming more and more regulated in the modern world. There
is fierce competition because there are more utilities providing power. Customers want a
"Good quality” of electric supply. Therefore, it is crucial in this situation to reduce the
frequency and length of unwelcome distribution transformer outages.

Since the second harmonic component may also be introduced during an internal fault
due to a variety of other factors, such as current transformer saturation or the presence of a
shunt capacitor, it is no longer possible to distinguish between an internal fault and a
magnetising inrush current by looking for the presence of a second harmonic component in
the inrush current [2], [10].

Transformer inductance during saturation, flux derived from the voltage integral, and
differential current are examples of earlier work on transformer protection. Fuzzy logic and
ANN are two recent methodologies that have been utilised. Additionally, a few methods have
been used to detect internal defects and the magnetising inrush [16],[8]. For this, a system
based on microprocessors and modal analysis was deployed as a tool. In [16], the
discriminating factor is the active power coming into the transformer, which is nearly zero in
the event of energization.

A wavelet-based system is employed in [11]. For the study and feature extraction of
power system transients, a wavelet-based signal processing technique is useful [2]. There
have been reports of the technique's use in data compression, protection, study of power
quality issues, fault detection, and power quality assessment.

An innovative wavelet-based technique is put out in Paper [11] to detect inrush
current from internal problems and identify it. The asymmetrical magnetization that is unique
to the inrush is described by the second harmonic component. The wavelet transform idea is
first applied. It is described how wavelets' ability to have multiple resolutions in time and
frequency allows for accurate transient component time location while also preserving data
on the fundamental frequency and its lower order harmonics, making it easier to spot
transformer inrush currents. Using a data window smaller than half a power frequency cycle,
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the approach extracts the wavelet components present in the line currents to detect inrush
currents. The findings demonstrate that the suggested method can provide the desired
responses and can be applied as a quick, accurate way to distinguish between inrush
magnetising and power frequency issues.

In this study, a wavelet-based method for identifying inrush current and
differentiating it from internal defects is devised. The data from the controlled studies were
gathered in the lab using a specially constructed single-phase transformer. A wide range of
potential failure scenarios on the transformer's primary and secondary windings were
purposefully introduced in these controlled testing. For reaching the goal, a schematic
algorithm is created; the suggested scheme does not call for any threshold settings.

Il. WAVELET TRANSFORM

The wavelet transforms associated with fast electromagnetic transients are typically
non-periodic signals, which contain both high-frequency oscillations and localized impulses
superimposed on the power frequency and its harmonics. The entire frequency spectrum may
be impacted if signals are altered in a specific localised time instant. The short-time Fourier
transform (STFT) is employed to lessen the impact of non-periodic signals on the DFT. It
presupposes local periodicity within an ongoing time window of translation.. The process for
implementing a Discrete Wavelet Transform is shown in Fig. 1, where S represents the
original signal and LPF and HPF stand for low-pass and high-pass filters, respectively. An
initial signal is split into two portions, each with a frequency bandwidth of half, and
delivered to the LPF and HPF in the first step. The output of the LPF is then further reduced
by halving the frequency bandwidth before being delivered to the second stage. This process
is repeated until the signal has been divided into its component parts to the predetermined
level. According to Nyquist's theorem, the original signal could only contain frequencies up
to Fs/2 Hz if it were sampled at Fs Hz. The first detail, number 1, would show this frequency
at the high pass filter's output; similarly, detail 2, number 2, and so on, would show the band
of frequencies between Fs/4 and Fs/8. The frequency levels of the wavelet function
coefficients are shown in Table 1. In this research, the sampling frequency is assumed to be
10 kHz.

Table 1: Frequency Levels of Wavelet Functions Coefficients

Decomposition Level | Frequency Components
D1 5000-2500

D2 2500-1250

D3 1250-625

D4 625-312.5

D3 312.5-156.25

AS 0-156.25
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Figure 2: Different Behavior of Fault and Inrush Current
I1l. PROPOSED METHOD

Figure 2's waveform of the inrush differential current makes it obvious that its initial
slope is less than that of the fault differential current, which grows after lowering initially.
High frequency components are present when the slope has a high value. These
characteristics are depending on the different types of current and transformer parameters and
are independent of the associated power supply. The initial slope of the differential current
owing to fault and that due to magnetising inrush current differ significantly from one
another, and this difference has been utilised to distinguish between inter-turn fault and
magnetising inrush current. According to the suggested approach for internal fault (in one
scenario, an inter-turn short circuit), the high frequency's initial amplitude is high and then it
gradually drops. Therefore, as illustrated in Figure 3, high frequency components are
recorded in the first two levels, D1 and D2. In contrast, in an inrush current, the high
frequency component's initial amplitude is lower and then grows. Therefore, nothing can be
seen at the first two levels, D1 and D2, whereas at D3 (see Fig. 4), a significant amplitude
can be noticed.
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Figure 4: lllustration of Wavelet decomposition of Inrush Current
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IV.EXPERIMENT SETUP

A specially constructed 220V/220V, 2KVA, 50Hz, single-phase transformer with
externally accessible taps on both the primary and secondary to introduce faults is used in the
experiment setup. There are 272 turns between windings.

The secondary's load is made up of Induction motor and static components. The
voltage and current readings were recorded using Tektronix Instruments' data acquisition
card. 10,000 samples per second was the sample rate used to record these signals.

On the custom-built transformer, several inrush current and inter turn short circuit
events were staged by changing the parameters, which drastically altered the properties of
these currents. The voltage angle at the time of switching and the residual core flow are these
parameters. The effects of the number of shorted turns on the primary or secondary, and load
conditions are taken into account when staging various inter turn short circuit instances.

The custom-built transformer was used for the ensuing the following tests.

e The primary current was measured in an unloaded state to ensure good health.

e By keeping four percent (10 turns) of the primary turns short-circuited while under
load, the transformer was powered up and differential current was acquired.

e The identical process was carried out again for secondary winding short circuits.

On the specially made transformer, the suggested algorithm was put to the test. The
experiment setup is depicted in Figure 5

2KVA,
230/230V

CONTACTOR

|
230 V,50 HZ
AG SUPPLY

e o

CH1 CH2 CH3 CH4
Q

COMPUTER

Figure 5: Experimental Setup
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V. RESULT AND DISCUSSION

Figure 6 displays the differential current (labelled "Signal™) caused by an inter-turn
short circuit in a primary winding with a 4% winding that is close to neutral, together with
their specific coefficients from Wavelet Transform up to D5 level. In this case, the desired
wavelet coefficients are obtained using the daub- 4-mother wavelet.

The detailed coefficients of levels 1 to 5 of decomposition are shown in this image as
d1 through d5, with level 5's estimated coefficients shown as a5. The absolute value of d5 is
displayed at the bottom of this figure. Below is a full explanation and interpretation of Figure
6:

e The figure's 'Signal' represents the original differential current signal that was
recorded using the data acquisition technology previously mentioned. The fault starts
at sample number 39 (about), and it is indicated in the graphic as "x." The first
negative differential current peak, indicated by "Y' in the picture, is seen at sample
number 50.

e Peaking of the wavelet coefficient is seen in decomposition level 'd1’, roughly from
samples 39 to 64. The magnitude of these oscillations then starts to decay.

e At the 'd2' level, the sudden shifts in the signal during samples 39 to 64 are more
clearly visible, and sample number 45 has the highest positive peak.

e In 'd3 level, high frequency components that were present in d2 are filtered off. The
apex of the waveform was once more seen at sample number 45.

e At the d4 level, sample 39 exhibits the first positive peak with a magnitude of 0.3571
while sample 50 exhibits the first negative peak with a magnitude of -0.3651. This is
a close representation of the 'x'-'y" curve.

e The first positive peak in the d5 level is seen at sample 39 and has a magnitude of
0.4041, while the first negative peak is seen at sample 59 and has a value of -0.5657.
The slopes of faults and inrush currents can therefore be measured precisely at the d5
level.

As a result, the first two successive peak values following the fault moment are the
best approximations for the initial slope changes in the fault and inrush current, taking the
absolute value of |d5] as indicated in the figure.

Consequently, the following can be used to select the discriminating function for fault
and inrush current:

AM{d5} = {First Peak after fault initiation} — {Second Peak after fault initiation} (1)
AM{d5} = A —B (@)

Hence, for inrush current AM<0 and for fault current AM>0.
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Figure 6: Wavelet Decomposition of Differential Current for Fault in Primary Winding

Figure 7 displays the wavelet decomposition of the differential current measured
during the interturn fault of the secondary winding's 10 turns. Similar high frequency
components were seen in primary winding faults.

For high initial slope of fault current, high frequency components were seen at
decomposition level d1-d4. As was previously discussed, as the fault develops, the slope of
the fault current gradually diminishes. High frequency components with large amplitudes at
the time of the fault and fading trends afterwards are clearly discernible from time-frequency
localization in the d1-d3 levels.

Filtration of this high frequency up to the d5 level produces some really intriguing
fault and inrush current discrimination criteria. The bottom of this illustration displays the
coefficients of the d5 waveform's absolute value. The first two peaks after the disturbance in
this have amplitudes A and B. The figure shows that for the inter-turn fault, A>B. The
quarter cycle can be used to issue commands in the event of an A>B journey. Typically, the
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characteristics required for diagnosis appear in the high frequency range rather than the lower
frequency range.

Figure makes clear that the wavelet coefficients in D5 have bigger amplitudes than
those in D1 through D4. Many wavelets were tested as analysis wavelets, but Daubechies 4
(Db4) ultimately provided reassuring and distinctive properties.

The size of the two successive peaks A and B likewise exhibits the same relationship,
namely, A>B.

100 200 300 400 &S00 810 700 230

100 200 300 400 &S00 810 700 230

Figure 7: Wavelet Decomposition of Differential Current for Fault in Secondary Winding
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Figure 8: Wavelet Decomposition of Differential Current During Inrush

Despite having a similar amplitude, inrush current differs from fault current in
behaviour or features. Low slope inrush current begins and increases quickly after. In fig. 8,
this trait is illustrated. The signal for the acquired inrush current is divided into five levels.
As was the case with the inter-turn fault, there was no peaking at the initial instant in the d1-
d2 level. However, because high slope follows low slope in inrush current, high frequency
oscillations can be observed in these levels. As a result, in contrast to the preceding situation,
repeated oscillations are reported at the d4 level that match the steep inrush current slope.
The consecutive peaks A and B can be found from the d5 and |d5| and compared. It should be
observed that A > B for inrush.

In line with the prior discussion, the proposed technique does not call for a threshold
value to distinguish between the transformer's magnetizing inrush and inter-turn failures. The
following is a presentation of the discrimination algorithm:

e Under the aforementioned events, measure the differential current with an acceptable
sample frequency.
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e Use the MRA method to get the discrete wavelet transform up to the fifth level of
decomposition.

Obtain |d5|

Discover |d5|'s first two peak values, A and B.

Determine M=A-B.

If M is negative, inrush current is present.

e If M is positive value, it is fault condition and will sound an alarm or trip signal.

The wavelet decompositions of fault and inrush currents at various switching instants
are shown in Figures 9 and 10.

Figure 9: Wavelet Decomposition of Differential Current During Fault
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Figure 10: Wavelet Decomposition of Inrush Current

VI. CONCLUSION

This work introduces a new method that distinguishes between the inter-turn fault and
the magnetising inrush current. Wavelet coefficients served as the algorithm's discriminating
function. To differentiate the situations under study, two peaks at the |d5| level immediately
following the fault moment are used. Since the criteria for this algorithm compare the two
peaks, no threshold adjustments are required. The proposed method is thoroughly detailed
and shown to be effective using a custom-built transformer.
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Abstract:

In this paper, the author aims to remove the hassle of cash transactions from college canteen payments by
streamlining the process. The present reliance on currency frequently proves inconvenient, particularly when precise
amounts are needed, making change provision difficult. Educational establishment’s conventional canteen
management scenario must improve with inefficiencies from manual record-keeping, monetary transactions, and user
annoyances. This study offers a cutting-edge web-based system that could completely transform canteen operations in
response to these issues. Our approach offers device-independent accessibility, unlike existing systems that are
device-bound. The suggested system fully addresses these issues, guaranteeing a smooth and inclusive user
experience across various devices. It is focused on essential areas like User Authen- tication and Profile Management,
E-wallet Recharge, Database Management System Setup, Admin Access, and Transaction Notifications.
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I. Introduction

Canteen operations are now manual, which adds complexity and inefficiency to the entire process,
from placing orders to delivering food. When there is no automatic system in place, computations
must be done by hand, which increx f the biggest obstacles is that
each student’s food intake is not preciSindouot&@hniihich Mmg ingonsistent statistics and makes
it hard to monitor consumption tren in accura- cies in invoicing,
disparities in inventory, and |neff|C|enC|es in operations, which eventually affect the precision of
finances and the caliber of services rendered [6].
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I. Introduction
Abstract:

Glaucoma, a leading cause of irreversible blindness, necessitates accurate and early diagnosis to prevent visual
impairment. Current methods relying solely on OCT A-scans... View more

Il. Motivation&contribution

Extensive Literature
Review Existing

) Vv Metadata
Techniques Abstract:
IV. Proposed Multimodal Glaucoma, a leading cause of irreversible blindness, necessitates accurate and early diagnosis to prevent visual
Deep Learning impairment. Current methods relying solely on OCT A-scans often fall short in specificity and sensitivity, and may
Framework overlook subtle anomalies indicative of early glaucoma. Furthermore, delays in diagnosis can contribute to disease
progression. This paper introduces an innovative deep learning model that amalgamates OCT A-scans, fundus images,
v i::ll;l;is&comparison and visual field data, leveraging the strengths of multi-modal fusion to provide a comprehensive analysis for glaucoma

diagnosis. Transfer learning, utilizing pre-trained models like InceptionVV3 and ResNet50, was employed to enhance
feature extraction, alongside anomaly detection methods including One-Class SVM and Isolation Forest to identify
atypical glaucoma presentations. Moreover, the integration of an attention mechanism in segmentation models,

Show Full Outline ~

Authors specifically V-Net and SegNet, facilitated precise delineation of regions of interest in OCT A-scans. The proposed
_ model significantly outperformed existing methods, enhancing precision by 8.5%, accuracy by 3.9%, recall by 8.3%,
Figures AUC by 4.9%, and specificity by 5.5%, while concurrently reducing diagnosis delay by 10.4%. These substantial
improvements underscore the potential of our method in revolutionizing glaucoma diagnosis, ultimately contributing to
References

timely intervention and better patient outcomes.
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I. Introduction
Millions of individuals worldwide suffer from irreparable blindness from glaucoma. Progressive optic
nerve injury, frequently linked with elevated intraocular pressure, can cause vision loss if not
recognized and treated. Early detection and treatment are essential to preventing this disease's
severe effects. OCT A-scans take omé)reh_ensive images of the retinal layers to examine the optic

. . ign in to Continue R(Ieadln . . . .
nerve head and retinal nerve fiber layer thickness, making glaucoma diagnosis easier. A-scans give

significant information, but using them alone can lead to measurement uncertainty and the

possibility to miss minor structural changes that indicate early glaucoma [1]-[3]. This can also be
done with HVNet operations.
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Related Journals
Traditionally, image retrieval is done using a text-based approach. In the text-based approach,
the user must query metadata or textual information, such as keywords, tags, or descriptions.
The effectiveness and utility of this approach in the digital realm for solving image retrieval
problems are limited. We introduce an innovative method that relies on visual content for
image retrieval. Various visual aspects of the image, including color, texture, shape, and more,
are employed to identify relevant images. The choice of the most suitable feature significantly
influences the system's performance. Convolutional Neural Network (CNN) is an important
machine learning model. Creating an efficient new CNN model requires considerable time and
computational resources. There are many pre-trained CNN models that are already trained on
large image datasets, such as ImageNet containing millions of images. We can use these pre-
train CNN models by transferring the learned knowledge to solve our specific content-based
image retrieval talk.

Recent Patents on

Computer Science
In this chapter, we propose an efficient pre-trained CNN model for content-based image
retrieval (CBIR) named as ResNet model. The experiment was conducted by applying a pre-
trained ResNet model on the Paris 6K and Oxford 5K datasets. The performance of similar
image retrieval has been measured and compared with the stateof-the-art AlexNet model. It is
found that the AlexNet architecture takes a longer time to get more accurate results. The
ResNet architecture does not need to fire all neurons at every epoch. This significantly reduces

View More »

training time and improves accuracy. In the ResNet architecture, once the feature is extracted,
it will not extract the feature again. It will try to learn a new feature. To measure its Related Books
performance, we used the average mean precision. We obtained the result for Paris6K 92.12%

and Oxford5K 84.81%. The Mean Precision at different ranks, for example, at the first rank in
COMPUTATIONAL INTELLIGENCE FOR

Parisék, we get 100% result, and for Oxford5k, we get 97.06%. SUSTAINABLE TRANSPORTATION
AND MOBILITY

Keywords: Content-based image retrieval, Convolution neural network architectures, Transfer
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Wireless network for Industrial application using
ESP32 as Gateway

Lopamudra Samal
Electronics and communication Engineering
NIT Rourkela, India

Abstract— Modern lighting systems in industrial
environments harness the potential of IoT technologies and
intelligent industry concepts, facilitated by robust WiFi
networks. These systems seamlessly incorporate WiFi-enabled
LED lighting, intelligent controls, and real-time monitoring
capabilities. By capitalizing on the data transmission
capabilities of WiFi networks and employing advanced
analytics, industries can make informed decisions, implement
predictive maintenance strategies, and optimize operational
efficiency. The seamless integration with other smart industry
components, facilitated by WiFi network connectivity, allows
for comprehensive optimization and fosters sustainable
practices. Ultimately, these cutting-edge lighting systems
establish interconnected workspaces, empowered by WiFi
networks, that enhance productivity, improve well-being, and
demonstrate a steadfast commitment to environmental
stewardship. In this paper WiFi network is design using
ESP32 for smart industrial application, All ESP32 node are
behaving like Gateway .

Keywords— WiFi Network, ESP32,I10T

1. INTRODUCTION

In modern industries, lighting systems have undergone
significant advancements to prioritize energy efficiency,
customization, automation, and connectivity [1]. LED
lighting has become the standard, offering long lifespan and
cost-effectiveness. Smart lighting control systems integrate
features such as occupancy sensors, daylight harvesting, and
remote control capabilities, optimizing energy usage.
Integration with IoT platforms enables connectivity, data
collection, and automation [2,3]. Wireless connectivity
options like Wi-Fi and Bluetooth provide flexibility and
remote control. Daylighting solutions maximize natural light
penetration.  Task-specific ~ lighting meets  specific
operational requirements. Advanced controls allow for
customization and adaptability. Energy monitoring and
management optimize usage patterns and identify areas for
improvement. Maintenance and performance monitoring
enable proactive maintenance. Integration with other
building systems enhances overall management. These
advancements create well-lit, efficient, and connected work
environments, improving productivity, reducing costs, and
enhancing employee comfort and safety [4-6].

WiFi-enabled lighting systems in industries offer a wide
range of advantages through their utilization of wireless
connectivity. These systems enable wireless control, remote
monitoring, and centralized management of lighting
operations. Integration with WiFi networks allows for the
seamless incorporation of lighting systems with other IoT
devices and platforms, facilitating intelligent automation
and optimization. Operators can leverage real-time data and
analytics to make informed decisions, optimize energy
consumption, and enhance maintenance practices. WiFi
connectivity also enables smooth integration with building
systems, resulting in improved overall efficiency and
occupant comfort. Ultimately, WiFi networks empower

Pallavi Bute
Information Technology department
Shri Sant Gajanan Maharaj College of Engineering Shegaon,

industries to  establish efficient, adaptable, and
interconnected lighting systems that foster increased
productivity and sustainability [7-9].

Production and logistics facilities, such as warehouses,
have a significant impact on the environment, [10,11]
contributing to greenhouse gas emissions. Heating, cooling,
air conditioning, and lighting systems account for a large
portion of these emissions. Lighting, in particular, can
consume up to 65% of the total energy in warehouses,
leading to substantial energy costs [12-14]. As global
electricity production and consumption continue to rise,
companies are increasingly compelled to reduce energy
consumption due to resource scarcity, higher energy prices,
and growing environmental consciousness. Industrial energy
efficiency initiatives aim to minimize energy requirements
for providing products and services. In recent years, there
has been a focus on enhancing energy efficiency and
adopting renewable energy sources, supported by innovative
solutions that span from smart homes to smart grids and
envision the future of smart cities and factories [15]. As part
of this trend, new lighting technologies have emerged to
address energy efficiency challenges and improve
sustainability.

The rest of this paper is organized as follows; a brief
discussion about project framework is given in section IL
methodology is explained in section III.The operation of the
proposed circuit is discussed in section IV. Results and
discussion are presented in section V and finally we
concluded in section V1.

II. FRAMEWORK

The project framework demonstrates the generation of
multiple ESP32 nodes by incorporating sensors and electric
bulbs/LEDs. These bulbs can be interconnected in parallel to
enhance the overall system performance. Communication
between the ESP32 nodes is facilitated through the
utilization of the ESP-NOW protocol, leveraging the Wi-Fi
capabilities of the ESP32 microcontrollers.  This
communication is established without the need for global
internet connectivity, ensuring a self-contained network
environment.

During the communication process, each ESP32 node
within the network transmits its unique MAC address,
enabling identification of the operating node on the display
unit. This identification mechanism ensures real-time
monitoring and tracking of the active nodes. It is worth
noting that the system may encounter various security
challenges, which necessitate the development of robust
smart industry security software and hardware solutions.
Unauthorized attempts to manipulate the network will result
in the display of the MAC address of the unauthorized
device, thereby reducing security concerns.

The display unit also provides insights into the
communication speed, allowing for assessment and

h ICCCNT |EEE Con eren
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IIT - Delhi, Delhi, India


91986
Highlight


Shri Sant Gajanan Maharaj College of Engineering, Shegaon
Department of Business Administration and Research

3.3.3 - Number of books and chapters in edited volumes/books published and papers
published in national/ international conference proceedings per teacher during year

Sr. | Name of teacher Title of Title of Paper Conference
No. Book(Proceeding)
1 | Dr. HM Jha Case studies on Leading | Unchained: The On- | Dec 2023,
"Bidyarthi", and strategizing for going Rise of Chain | International
Dr. P. M. Kuchar, organizations across Business- A case Conference on
Dr. M. A. Dande, contexts (Bloomsbury study of Shree Abhay | Management

Dr. S. M. Mishra

Publication) ISBN - 978-

93-56406-84-1

Group of Industries

Cases, Bimtech
Greater Noida




Case Studies on
LEADING and
STRATEGIZING for
ORGANIZATIONS
ACROSS CONTEXTS

Editor
Shreya Mishra



BLOOMSBURY INDILA
Blootmsbury Publishing India Pvt. Lid
Second Floor, LSC Building Na. 4, DDA Complex,
Packet € - & & 7, Vasant Kunj.
Mew Dethi 110070

RLOCOMSBUIRY, BLOOMSBURY PRIME and the [Hana Jogo arc
trademarks of Bleomsbury Publishing Dle

First published in India 2023
This edition published 2023

Copyright (© BIMTECH, Greater Moida, 2023

Shreya Mishra hive asserted thelr ight under the Indian Copyright Act
to e identified a1 the editor of’ this work

All vights reserved, Mo part of this publication may he reproduced or
[ransmitted in any foem or by any means, electronic or mechamcal,
including photocopying, reconding or any information storage or
retrieval systemn, without the prine permission i
wriking from the publishers

The book i salely the responsibility of the aurthar and the
publisher has had no 1ole in ceation of the content and does not have
responsibility for anything defamatory or libellous o abjectionable.

(A
Bloomshury Bublishing Pl docs net have any contral over, or
respansilility for, amy third-party websites ceferred 1o of in this baok.
All internet aderestes given in this book were correct at the time of

going 1o press. The author and publisher regret any inconvenience caused if
addresses have changed er sites have ceased to exist, but can accept na responsib-

ility for any such changes

ISHM: 978-03-56406-84-1
2468107 5N

Typeset by Fortune Graphics, Maraina, New Delhi
Printed and bound in India by Replika Press Py Lad

T fined ot miore about or authors and books, visit
wwrw oo msbury.com and sign up for our newsleiters

] m 7

-




Unchained: The On-going Rise of Chain
Business — A Case Study of Shree Abhay
Group of Industries

H.M. Tha “Bidyarthi™, PM. Kuchar', M.A. Dande', 5.M. Mishra' and A.K, Shrivastava’

ABSTRACT
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enjaying sales gnd leveraging the demand and suppty gap/ supply deficit gap in the Indian
the need for understanding the maret through research and developing its employess ov market and products, But the
compaiy was keft stvavded amidss turbulent times dus o the strugge in
capacity and dumyring practices aof Chinese U
Sules heatie stagnant due to lack of expert mtarketing tedm, ¢ pased questions d
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Shegaon, Puldang, Baharashira
T-maik: h:njh.x.":idy:ﬂhi(q;tﬁi'im|lail.cm sn.

* paritute of Manzgement, PL Favishankar Shukla Umnibersicy, Ragpur, hattisgarh
ermail: himjhabidyarthigrediffin ail.com

# Correspanding suthor.

Chain marker. It didn’t fecd
selting their toral output becase o imereitsed
hain mantficturing conpanies, I 15 strugghing to market fre products.
rour the revival, sirvival il groweh
i market gnd henee did wot attempt 1

left it strnded in selling its total cutput anad it kended

xel / dth semester i Strategic Managemestt or Corporate Evafuation

Disclatmer: This case has been devaloped for academic purposes or classioom discussion and is nof fntended to

[ifustrate sither sffective or ine
mamagarial decision-making of endarse the views of the management.

Hoctive hanoling of adminigiraive siuation oF @ represen! successiul or unsuccassiul



Unchainad: The On-going Rise of Chain Business — A Case Staudy of Shree Abhay Group of Industries

Case questions:

() What are the wrrious Strategic alternatives evailable with Shree Abkery Link Chadns Pyl Ll [SALCPL)?

(b} What swggestions could frelp SALCPL fo overedme turbulent tipes?

el What i the risk invelved, and wit would he the mitigation sorafegics b be ardopied by SALCPL?

fd) Wil BALCPL rurrail des expenses on diversificarion and divert them to focus on wiche products like chains®

(a)  What strategy, inchiding retocasionof the compamy, sheuld i adopt for dealing wizh the problem of wnavailability
of aleilled workerit i

(7 What strategies could be adopted by the Shee Abliay Group of Industries o improve their Sales in the Tudian
arket and abrpad?

Keywords: Entreprencurskip and inmevidion, fanily usdess, strategic altematies, diversificarion, miche market,
link chains, transformational growth, mkeowers

INTRODUCTION

The case presents the entreprencurial journey of Shri Anirudh Paldiwal, the protagonist whase
Group of Industries attempted many businesses from Dealership to manufacturing and alongside
secup Link chain business in 1996. After the protagonist took over this link chain busimess he saw
it succeed to the patamount level. But the company was struggling in selling the output due
to increased capacity and dumping practices of Chinese Chain manufacturing companies. The
protagonist faced the challenge of revival, survival and growth of his chain business. The highs
and lows experienced during this period and the strategic alternatives available and their chaices
are lessons of Straregic management and entreprencurship. The odyssey of Link Chain business
of Shree Abhay Group of Industries, Shegaon proves to be a lighthouse in the context of rural
entrepreneurship, niche business, transformational approach, diversificarion and other strategic
alternatives.

THEORETICAL PERSPECTIVES OF ENTREPRENEURSHIP AND STRATEGY

Entrepreneurship is a complex term and hard to define (Carree and Thurik, 2005}, Hence, the core
aspects of entrepreneurship and their consequences cannot be measured with specificity. There
have been unforeseen ups and downs in the evolution of entreprencurial thought process when
history is traced back This includes opportunity construct, international trade, fierce competition
oriented market, ete. {Murphy et al., 2008). The extent of sk and allicd institutional attributes
were the catalysts for entrepreneurial development in ancient and medieval imes. Because of
the reigning of the military actions, societal status and property / wealth were not true stepping
stones for entrepreneurship opportunities (Baumeol, 1990}, Entrepreneurship is treated as one
of the origins for contentment resulting out of the activities of the economic nature. Semantic
shades of entreprencurship are well detected and illustrated by Verin (1982}, The first initial usage
of the term was seen in case of designs and payments related to civil enginecring and the second,
the canquests by the Middle Ages Crusades (Sanchez, 2011). ‘Essai sur la Nature du Camerce
en Général’ was the very first instance when the term ‘entreprencur’ appeared. The credit for
this goes to Cantillon. Van Praag (1999) focused on the factors (envisioned by various authors)
rurning entrepreneurship a big success. Managerial perspectives and innovation extent are the
prerequisite qualities of an ideal entrepreneur (Karlsson ct al, 2004). Thus, entrepreneurship
reflects business ideation, projection, ofganization, review and monitoring as well {Panda, 2000).
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Planning, profits, allocation of resourees are the backbones of classic approach of strategy
formulation. Strategy is followed by structure For Chandler (1962), According to Ansoff (1965,
long term strategy adoption and allied benefits through reliance on leaders and strengrhs of the
hierarchy are the crucial auributes of this approach. Transformational leadership type best fits to
this approach (Kollenscher, 2017), Porter (2008) puts forth that the ways to compete and develop
eventually depend upon the vision statements, mission statements, objectives and their honest
implementation by the business entity. According to Sloan (1990), pioneering and sustaining
strategies result in stability of the business actions,

Evolutionary approach asserts that the organizations are surrounded by the momentum
and unpredictability of the macro level parameters/ external environment. This influences them
in‘a large manner (Hannan and Freeman, 1984). The most firm arganizations are the ones that
are truly adaptable and can cope up with the ever changing environment through change and
improvement of strategies Freeman and Hannan (1982].

CONVERSATIONAL INTERVIEW

The authors telephonically contacted one of the Directors of Shree Abhay Group of Industries,
Shri Bharat Paldiwal, who is also the cousin brother of the protagonist, to take his appeintment for
the purpose of developing a case on his esteemned organization. There was a preliminary meeting
with the authors and the said Dircctor to collect firsehand information about the organization.
Since the protagonist who happens to be another Director of Shree Abhay Group of Industries was
out of station the second meeting of the aurthors for data collection was delayed a bit. On arrival
of the protagonist to headquarter, the authors again contacted him, took his prior appointment
and met him on the dfipointed day, date and time in the premises of his company, The authors
detailed him abour the purpose behind developing case and the pre-requisites, i.e. consent from
hirm for the same. The authors also narrated to him their previous case development waorks on
micro-entrepreneurs of the region including Khamgaon, Nandura, Buldhana, etc,, of Buldhana
district and presented to him the list of entrepreneurs whose organizations were studied by the
authors for developing cases during the last ten years. The protagonist was impressed with the
track record of case development works of the authors and he accepted in principle to go ashead
with developing case on his esteemed organization. The protagonist was even presented a copy
of published casc for his perusal and he showed interest in going through a copy of similar
case of a manufacturing company that the authors had developed and publishied previously. The
authors mailed to him the copy of said case after which followed a series of formal meetings
berween protagonist and the authors over the following period each meeting extending o two
hours or maore.

“The authors had no or very little knowledge about the targered organization hence the data
collection was done through conversational interview during these mectings. There was no
structured questionnaire bur the questions followed hased an conversation with the protagonist
tor which the answers were elicited from the larer. Meanwhile there also came upa suggestion from
the protagonist to modify the ritle of the case which was duly changed with prier permission of
the conference organizer, The conversation led to many relevant questions which finally helped
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in collecting detail information about the entrepreneur, the approach of his family, the number
of businesses and the background of their origin, the challenges faced, the strategies adopted in
attempt to overcome some of these challenges, the dilemma being curvently faced, ete. At times
there followed telephonic conversations also with the protagonist for certain clarifications and
the protagonist extended full cooperation m all these, The authors discussed the draft of the
case study with the protagonist over subsequent meetings and after several modifications and
revisions it was finalized,

CHRONOLOGY OF JOURNEY OF SHREE ABHAY GROUP OF INDUSTRIES

It all srarted with Shri. Kewalramji Paldiwal, great great grandfather of the protagonist migrated
from Rajasthan to Shegaon in Maharashtra round about the year 1900 and started farming, Years
laver, Shri. Muktilalji Paldiwal's entreprencurial instinct led him to start trading in Agricultural
Commodities in around 1940, This continued in the family tll 1974, Investment in the share/
stock market was a novel and untraveled path chosen by this family somewhere around 1970's.

Mr. BE Jhunjhunwala, a key person in Hercules Hoist Ltd. approached Shri. Mukrilalji
Paldiwal and asked for starting the business of manufacturing chain pulley blocks (CPE). Shri.
Rajeshiji Paldiwal, father of the protagonist, was then pursuing CA with the intention 1o get
employed and earning a handsome salary. Shri. Rajeshji was persuaded to leave the CA course
and start a Chain Pulley Block manufacturing business in 1982 and become an employer instead
of seeking employment. This is how the seeds of the Shree Abhay Group of Industries were sown
by starting the very first company in the name of Shree Abhay Industries {SAl) in manufacruring
the Chain Pulley Block for Indef (Hercules Hoists Ltd. — A Bajaj Group Company), There used to
be a waiting period of 1 to 2 years in the delivery time of CPB (Chain Pulley Block) in the Indian
market. Ajsi:l. there was strike in Hercules Hoists Ltd. that lasted for about a year and resulted in
pending orders of 2-3 years.

Shri, Dineshji Paldrwal, uncle of the protagonist, started Shiv Udyog (Dealership for Indef
produ(;r_x] in 1984 which was followed by acquiring Shriram Estate {1987) in about 1 Lakh Sq.
feet godowns and around & lakh square feet of land in the heart of Shegaon for Warchousing
purposes and Abhay Krishi Udyog Pvt, Lid, (AKUPL) in 1987. A major milestone occurred whena
backward integration with the help of Mr. H. A, Nevatia was done by starting the manufacruring
of Hand chain/mild steel chain of 5 and 6 mm diameter chain used in CPB with a capacity -
25 Tonnes/month. He also laid a foundation of a Pilat plant of Crane manufacturing in the
premises of Abhay Krishi Udyog Pvt. Ltd. in 1998. Shree Abhay Cranes Pvt. Ltd. (SACPL) added
colouts to the business in 1999 ro manufacture cranes on a larger and commercial scale afrer
tasting success and a lucrative market for the cranes.

The plant and machinery of the Indian Link Chains Manufacturers Ld., Bhandup, Mumbai
was taken over in 2005 with the help of Mr. PK. Nevatia and shifted ro Shegaon resulting in
increased capacity. Shree Abhay Hoists and Engg. Pvt. Ld. (SAHEPL) was started with a capacity
~ 30~35 Tonnes/ month to manufacture Load chains/ Alloy steel chains.

Shii Anirudh Paldiwal, the protagonist, joined the family business and took over the Link
chain business segment in 2007 after completing his formal education in Production Engineering
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and Master's in Strategic Entreprencurship from the University of Southampton, UK. Being
a Production Engineer, he was interested more in Mass manufacturing systems, So, he joined
the link chain business. After joining the business, he took some aggressive decisions 1o boost
the scale and functioning by hiring the then-highly paid and skilled machine operators and his
decisions paid off.

Shri. Bharat Paldiwal, the cousin of the protagonist, joined the family business and took
over the Crane manufacturing business segment in 2012 after completing his formal education
in Mechanical Engineering and Masters in Business Management from S[MSOM, 11T, Mumbai,

They took over Uniseven Pvt. Lid,, Ambarnath and shifted the machines to the premises
of SAHEPL in 2013. This resulted in an increased capacity to 70 Tonnes/month and widened
the range of manufacturing the Alloy steel chains from 6 mm to 13 mm. diameter. Hindustan
Parsons Pvt. Lid., Nashik was also taken over and the machines were shifted to the premises of
SAHEPL in 2015, This again resulted in an increased capacity to 150 Tonnes/ month and widened
the range of manufacturing the chains from 6 mm to 36 mm. diameter.

In 2016, Vivek Paldiwal, cousin brother of the protagonist and an Electrical Enginecr
and Master n Family Business Management from NMIMS, Mumbai entered into Solar EPC
(Engineering Procurement and Commissioning) segment of Shree Abhay Group of Industries,
He is successfully managing the installation of solar projects of industrial, residential, and
commercial scale ranging from 10 KW to 3 MW and is able to provide services to Tier T cities like
Mumbai, Bengaluru,

In 2018, two sets of machines of manufacturing Mild Steel Chains were imported from
Germany to the premises of AKUPL.

In 2018, SACPL successfully developed wire rope hoists and launched them tinder their own
brand name Abhay’. Bharat Paldiwal, cousin brother of the protagonist, was instrumental in
using, his domain expertise of Mechanical Engineering to accomplish this.

SALCPL was established in 2021 to import ten sets of Mild Steel Chain manufacturing
machines and seven sets of Alloy Steel Chain manufacturing machines in 2022. This resulted
in an increase in chain manufacturing capacity up to around 400 Tonnes/month and SALCPI,
emerged as the largest chain manufacturer in India in terms of capacity,

All three brothers and a sister including the protagonist representing the third-generation
entrepreneurs of Shree Abhay Group of Industries are professionally highly qualified being
engineers of different streams and MBAs in Family Business Management passed out from
reputed engineering and management colleges including 11T and the protagonist himsell an
M Sc. in Strategic Entreprenearship from UK besides being an engineer as obvious from the table
na. 2 given in the annexure. The second generation of entrepreneurs is alse highly qualified and
vet they decided to set up their business ar a Taluka-Level Village of Shegaon.

There are now seven lines of business entities launched by Shree Abhay Group of Industries
as shown below: Amongst these, the chain business is a rising business that occupies a prominent
place at the national level.

1, Alloy Steel Chains, Mild Steel Chains, Stainless Sceel Chains, Chain slings and Accessories
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2. BOT (Electric Overhead Traveling)and HOT (Hand Operated Travelling) Cranes, Jib Cranes,
Stacker Cranes, erc,

Wire Rope Hoists and Winches

Solar EPC (Engineering Procutement and Commissioning)

Warchousing

Agriculture and Farming

Investment in Stock Market

Moo s o

Thus today there are seven business entities under the Shree Abhay Group of Industries as
shown in Chart 2 given in the annexure to this papet. The chronology of the cAtrepreneurial

Journey as explained has been presented in the Table | along with the family tree in Chart 1 given
in the annexure to this paper.

LINK CHAIN PROGRESS BY SHREE ABHAY GROUP OF INDUSTRIES

When the Big companies become even bigger, the smaller companies become weak. The chain
manufacturing industry had limited players in the Indian market. Many smaller companies were
facing financial crunch and problems keeping their business running, This opportunity was
encashed by the Shree Group of Industries to grow in terms of capacity and range making them
second largest manufacturer in terms of Range and second to nane (leader) in terms of capacity.

Entering into the business of manufacturing chains due ta longer waiting times for delivery in

1996 to becoming the largest manuficturer in 2022 has been a phenomenal and transformational
growth story. Taking over the sick units in 2005, 2013, 2016, 2018, and 2022 and shifting their
miachines to remote places like Shegaon required grit,

Hindustan Parsons Pyt, Led. was a part of huge group of companies making approx, 5000
Cr. of turnover annually. Their chain anufacturing unit was making around 5 Cr. of revenuc,
This grotip was too big to keep operating theit chain manufacturing unit and thus they decided
to sell this unit. Ir was bought by SAHEPL and they started making 17-18 Cr. of revenue from
the same machines where Hindustan Parsons was ahle to make only 5 Cr,

One of the companics in 2 European country was stuck with the problem of not having 4
successor to look after their business. This compelled them to look for a buyer for their plant
and machinery to finally sell it off. It is generally seen in the business families that their current
generation has its own dream to ereate their own destiny by venturing to tread the unconventional
path and thus showing na inclination towards carrying forward the legacy and profession of
their parents. The Paldiwal family as obvious from its family tree (Chart 1) and family members
profession (Table 2) is an exception to the stated existing trends in the business family, Hence this
Plant and Machinery from the Buropean country was imported to Shegaon in 2022.

CHALLENGES AND DILEMA

The journey of the protagonist has not been free flowing and he came across several challenges
in runming his link chain business at a Taluka-vill age like Shegaon, The nature and magnitude of
these challenges as listed below are much diversified requiring professional expertise o deal with.
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Unavailability of Skilled Engincers and Labours: Engineering students have a liking for
working in Tier | cities and on handsome packages sitting in cubicles, They appear to be
more fascinated towards the glamorous life style of such cities and are also averse towards
doing physical works. Add toitis lack of courses, 1Tls and other similar skill centres churning
out such skilled man power here. Considering the cost of living and other hardships in
these cities the Shree Abhay Group of Industries offers better perks, facilitics and above all
a healthy living at Shegaon yet there is unavailability of good engineers, machine operators,
and skilled Iabours here which poses a great challenge as it is very epucial tor this Jabour-
{ntensive business, The shortage of requisite man power is a great hurdle for a labour
intensive industry in its growth ata faster pace.
Absentecism of Workers: [U 1 also seen that the BPL families which constitute the major
source of labour force ger the penefit of a number of schemes offering them subsidised
grains and other household commodities. Thus if they waork for three to four days in the
company their daily wage becomes sulficient for sustaining their family for whole week.
This tends them to frequently absent from work affecting the production turnover and hence
productian cost due to under-utilization of the plant capacity.
Absence of Marketing Consultants and Agencies: Services of marketing eonsultants and
agencies are notat all available at Shegaon asitis asmall place and as it does not offer sizeable
consultancy business for them to profitably operate here, It is also experienced that those of
similar agencies which are in sbundance in Mumbai, Pune etc, show logistical issues along
with time constraints to offer their services to Shree Abhay Group of Industries. It inhibits
identificarion of new markets, new customers and understanding of their growing needs for
link chain so thar the company could modernise its product line and penetrate into NEwer
markets.
Absence of Export Promotion Agencies: There isa dire need of export promotion agencies
cither at Shegaon or any other place from where they are willing to connect to Shegaon
in order 1o cater to the needs of foreign customars. The export promotion agencies are
conspicuous by their absence in Shegaon.
Overlooked the Impartance of Marketing: Shree Abhay Group of Tndustries enjoyed for a
longer duration the luxury of its supplies being rotally consumed by its market. It therefore
hardly looked to the marketing side of the business. It didn't pay any attention to enhancing
the customer base in India and abroad and promoting their products in the market. But
as it grew in capacity and its production enhanced and it notced the presence of many
competitors and smaller companics in the market eating up its own existing market share it
was taken aback. It now realizes that it overlooked the importance of marketing.
Dumping Practices from Chincse Companies: Chinese compariies Were dumping
their products into the Indian market at very lower prices. This poscd stiff competition
Mareaver, Indian companies needed products at lesser prices and there was huge demand for
substandard commercial chains. “This is how Chinese companies were dumping their inferior
quality goods into the Indian market posing 3 tough competition for Shree Abhay Group of
Industres.
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7. Impact of Steel Index: There is 4 huge impact of the Stecl index on Shree Abhay Group of
Industries as the major raw material is steel, Fluctuating prices of Stee] in the commodity
marker make it difficult 1o keep the prices constant. Alsa, it is not possible to change the
prices due 1o already-signed conrracts and relations with regula customers,

These challenges pushed Abhay Group of Industries from the state of fully enjoying sales
and leveraging the demand and supply gap/supply deficit 8ap in the Indian Chain market to
stagnation. Meanwhile, the consiseent increase in its produc

Indian Chain Marker cotipled with dumpingpractices of Chinese Chag

se Chain manufacturingcompanies
lett it stranded in selling its toral outpur and it landed amidst turbulent times and struggle. It is

since strugpling to market it products, Sales became stagnant duc o lack of expert marketing
team, What are the strategic alternatives available to him now?

STRATEGIES ADOPTEDTO DEAL WITHTHE CHALLENGES

Getting awarencss of the challenges of any business is the

dissolution. The Protagomst is committed to take forward his

hence resorted to fallowing strategies time and again,

|- Proper Financial Management: Shree Abhay Group of Industries hag around 400 acres
of farming/ apriculiural land. Moreover, they have been investing in the Shape market
since 1970. The income from these diversified sources has helped them to infuse capital in
expansion plans of lines of manufacturin g and EPC business. This is how they never felt the

begitming in the direction of its
business despite several odds and

in Chart no, 1 in annexure,

3. In-depth Understanding of the Matter: All six members of the family from grandfather,
tather, uncle to three siblings develop an in-depth understanding of the matter at hand
and decisions are made thereafter on thorough discussion of the Pros and cons. Domain
expertise of family members from diversified arcas brought to the decision table adds
another advantage. Premises and aftermarhs are well thought out and consensus is built an
the decisions.

4 Timely Adaprive Approach: Stiff competition from Chingse “ompanics was fought on a
Cost-t0-Cost basis by Shree Abhay Group of Industries. At certain times, they ran the business
on the BEP (Break Even Point). Dumping practices of China were fought by dialogue with
the customers and by making certain changes (altering) in their product mix lines,

3. Integrity: "Wark with Integrity evaporates Scareity’ — stands true in their case, Bven after
the dumping practices from Chinese companies and the challenges of selling products,

Shree Abhay Group of Industries refrained jtself from indulging in manufacturing inferior
and substandard chains. These chains are used in industries and itinvolves the risk of many
lives, They even didn't purchase low-quality Chinese Taw materials to help domestic Indian
comparnies grow,
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THE FUTURE AHEAD
The protagonist has a vision for the future. As of now, he has the following plans.

1. The Indian marker is already saturated and they are one of the langest manufacturers in
terms of Capacity and Range/Variety. Hence their furure plan is 1o start exporting their
products to overseas market.

2. They envisage maintaining their Leadership position in the chain manufacturing business.

WHY SETUP BUSINESS IN SHEGAON —ATALUKA-LEVEL VILLAGE?

Shree Abhay Group of Industries made a conscious decision through the consensus of its family

members to carry out diversified businesses under this umbrella group at a Taluka-Level Village

called Shegaon under Buldhana district of Vidarbha region of Maharashtra State. The protagonist
advances the following reasons in favour of this decision.

1. Absence of Undue/Irrelevant Prablems of the Workers: Unlike Tier-I cities and developed
Industrial areas, Scattered Labour markets and unmformed labours help in keeping the
undue workers® problems at bay. Problems like Strikes, Work outages, and demand for a rise
in wages and salaries are negligible here.

2. Stronghold of Family in Shegaon Town: Paldiwal family relocated from Rajasthan to
Shegaon in 1900 and since then they have been residing as @ well-known and a well o do
family in Shegaon. This stronghold helps them in access to various resources needed to setup
and scale businesses in Shegaon.

3. Peaceful Life: Shegaon is a small town and blessed by Shri Sant Gajanan Maharaj which
offers peaceful countryside life away from pollution. Availability of nutritious and fresh food
of countryside, access to clean natural air, water and soil are other parameters thar offer a
comtortable life-here and hence preference for Shegaon,

2. Contentment: The Paldiwal family is very happy with the scale at which they are working
tight now and feel contented with their achievements. Life is all about satisfaction and
happiness and so where else than Shegaon?

CONCLUSIONS

Entrepreneurship and family business have been catalysts in the socio- economic development
of the world, specifically, the developing countries. But this hustle and bustle has resulted into
some problems as well. Centralization of entreprencurial ventures, growing size of cities, allied
migrarion can be treated as foremost of thern. Tt is quite interesting that solaces to contemporary
problems can be traced into literature of the great people. Years before, he was Mahatma
Gandhi who had appealed, ‘Come countryside.’ Tukdoji Maharaj, a Saint from Maharashtra had
emphasized on the significance of the rural area through his classic "Gram-Geeta’. And alas! It
was never possible for most of the Indian ventures. But Shri Anirudh Paldiwal through his Shree
Abhay Group of Industries, Shegaon has proved to be a true exemplar of victorious countryside
entreprencurial emergence. Despite the everchanging turbulent business environment such
as changing government regulations; digitalization, demographic shifts, and competition from
foreign players, rising costs of raw materials and production, unavailability of skilled man power,
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etc., Shree Abhay Group of Industries s successful in raising itself. The countryside family
businesses and entrepreneurial venrures have much to learn and adopt from this case because
of the unique indigenous approach. However, answers to some questions need to be found out.
Whatare the various Strategic alternatives available with Shree Abhay Group of Industrics? What
suggestions could help Shree Abhay Group of Industries to overcome turbulent times? What is
the risk invalved and what would be the mifigation strategies to be adopted by Shree Abhay
Group of Industries? Will Shree Abhay Group of Industries cureail its expenses on diversification
and divert them to focus on niche products like chaing? Whar straregy including relocation of the
company should it adopt for dealing with the prablem of unavailability of skilled workers? What

strategies could be adopted by the Shree Abhay Group of Industries to improve their Sales in the
Indian marker and abroads
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cranes on a larger and commercial scale after tasting success and
lucrative market for the cranes.

ANNEXURE
Table 1: Showing Chronology of Development of Shree Abhay Group of Industries
[ vear ineident | Name of Key Person from Family
1900 |Great great Grandparents settled in Shegaon, Maharashitra fram Shei Kewalramiji Paldiwal
Rajasthan and started doing Farming
1540 StarﬁedTrading in Agricultural Commodities Shri Ganulalji Paldiwal
1970 |Started daing Investments in the Share/Steck Market Shri Muktilaljt Paidiwal
1482 |Shree Abhay Industries (SAI) was started Shri Rajeshji Paldiwal
1984 | ShivUdyog was started (Dealership for Indef praducts) Shri Dineshii Paldiwal
3587 |Bought Shriram Estate (About 2 Lakh Sq.feat godowns in the heartof | All the Family members
Shegaan for Warehousing purposes
1996 |Started Abhay Krishi Udyog Put. Ltd. (AKLIPL) Shri Dineshiji Paldiwal
1998 |Pilat plant of Crane manufacturing was started in the premises of Shri Dineshji Paldiwal
Abhay Knishi Udyog Pyt. Ltd.
1309 | Shree Abhay Cranes Pyt. Ltd, (SACPL) was started to manufacture | Shri Dineshii Paldiwal B

2005

Takeover - The Indian Link Chains Manufacturers, Ltd., Bhandup,
Mumbai resulting in increased capacity.

Shree Abhay Haoists and Engg. Put. Ltd. (SAHEPL) was started to
manufacture Load chains | Alloy steel chains

Capacity —30-35 tonnes/month

Shri Rajeshji Paldiwal

2007

Shri. Anirudh Paldiwal joined the family business and took over the
Link chain business segment after completing his formal education
in Production Engineering.

Shri Arsrudh Paldiwal

Shri. Bharat Paldiwal joined the family business and took over the
Crane manufacturing business segment after completing his formal
education in Mechanical Engineering,

Shri Bharat Paldiwal

2013

Takeover — Uiniseven Pyt Ltd., Ambarmath and shifted the machines
2o the premises of SAHEPL

Shri Anirudh Paldiwal

2015 |Takeover— Hindustan Parsons Pyt Ltd., Nashi k, and shifted the Shri Anirudh Paldiwal 2l
machines to the premises of SAHEPL
2016 |Started Solar EPC (Engineering Pracurement and Commissioning) | Shri Vivek Paldiwal,

2018

Imparted two sets of machines of manufacturing Mild Steel Chains
from Germany ta the premises of AKUPL

Shrl Anirudh Paldiwal

032

SALCPL imported ten sets of Mild Steel Chain manufacturing

5hni Anirudh and Vivek Paldiwal

machines and o7 sets of Alloy Steel Chain manufacturing machines,
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Abstract:

This work devotes to investigate synthesis of spinel Zn, Mg, Co O,
structure was successfully synthesized by sol-gel method. Surface
morphology was examined by means of Scanning electron microscopy
(SEM). The gas sensing investigations revealed that Zn, Mg, Co O,
nanostructured based gas sensor exhibited high response (50 ppm) and
selectivity towards hydrogen sulfide. Besides, enhanced gas sensing
properties of Zn, Mg, Co,0, nanostructures are observed. The
excellent gas sensing characteristics of Zn, Mg, Co O, nanostructures
might be attributed to their high porosity and large specific surface
area. Moreover, hydrogen sulfide gas sensing mechanism was proposed
to explain the high sensor response.

Keywords: Sol-gel: Oxalic acid: Spinel; Zn _Mg  Co,0: XRD.

1. Introduction

Rapid technological and industrial developments continuously
result in the emission of hazardous gases, toxins, harmful, flammable
and explosive gases and biomolecules. Therefore, sensing of such
undesirable chemical or biochemical forms has become a significant
research endeavor in recent years ", The effective detection and
removal of toxic gases in the atmosphere is important for human
as well as any living organisms. The uncontrolled release of toxic
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gases such as CO, H,S, NH,, CH,CH,OH, etc. from automobiles,
industries, laboratories, etc. cause severe health problems and they
may even cause death . Advanced sensing materials have been
adopted in this context to achieve high responsivity combined with
less response/recovery time and continuous detection of gas molecules
for gas sensors, which are key quality factors that define the sensor
performance. In particular, oxides are extensively researched for gas
sensing, in view of their robust material properties and their ability to
change valence through charge transfer ™,

Nanocrystalline ZnCo,O, has also been applied as electro catalyst
for many anodic processes such as oxygen evolution "), photocatalyst
"l and semiconductor gas sensor . In cobalt based ZnCo,0O, cubic
spinel structure, where Zn divalent ions occupy the tetrahedral and Co
trivalent ions occupy octahedral site . Nanostructured ZnCo 0, is
stable and cheaper than nobel metals '), Moreover, it is also active in
alkaline solutions.

In this work, we present the synthesis and study of the gas sensing
properties of Zn _Mg Co,O, nanomaterial for the detection of H_S.
The operating temperature of the material and its interaction mechanism
with the H,S has a crucial effect on the response and selectivity of the
sensing device. The results obtained show that the Zn Mg .Co,0,
nanostructure exhibits an excellent sensing performance for potential
applications in H,S gas sensors.

2. Experimental

2.1 Preparation of Zn Mg Co,0, powder

The appropriate amounts of start materials Co(NO,),"6H,0
(99.0%) and Zn(NO,),6H,0 (99.0%) were dissolved in ethanol
(95.0%), mixed well with each other, and then slowly adding ethanol
solution of oxalic acid (99.8%) at room temperature under constant
magnetic stirring. The mixture was then stirred for 3 h and then
evaporated at 80 °C for 1 h under constant stirring, which led to the
formation of a sol. The sol was heated at 100°C for 1 h until a gel
was formed. Subsequently dried for 1 h in an electric oven and ground
the gel, thus the oxalate precursor powder was attained. The resulting
material was calcined at 500°C for 2 h and well-crystallized spinel
Zn, Mg .Co,0, powder was obtained.
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2.2. Fabrication of sensor

Appropriate quantity of mixture of organic solvents such as butyl
cellulose, butyl carbitol acetate and turpineol was added to the mixture
of Zn, Mg .Co,0, and a solution of ethyl cellulose (a temporary
binder). The mixture was then ground to form paste. The paste obtained
was screen printed onto a glass substrate in desired patterns. The thick
films so prepared were fired at 500°C for 1h.

3. Result and discussion

3.1. X-ray powder diffraction (XRD) analysis

Fig. 1 shows the XRD pattern of the synthesized Zn Mg .Co,0,
nanomaterial at 500°C for 2 h. It exhibits the diffraction peaks appeared
at 20 values 19.6° 31.15% 36.711°, 63.06°, 65.047° and 68.0° correspond
to the crystal planes of (111), (220), (311). (222), (422), (511), (440),
(620). (533) and (622) respectively which confirms the formation of
pure Zn Mg .Co,O, spinel structure.
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Fig. 1. XRD patterns of Zn Mg, Co,0, annealed at 500°C.

The crystallite size was calculated by using the Debye—Scherrer
equation.
kA

D=
BecosB (h

Where, D is the average size of the crystallite, assuming that the
grains are spherical, k is 0.9, & is the wavelength of X-ray radiation,
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B is the peak full width at half maximum (FWHM) and 0 is the angle
of diffraction. The crystalline size of the calcined mixed precursor is
found to be 18 nm.

3.2. Fourier transform-Infrared spectra (FT-IR) analysis

Zn, Mg, .Co,0, powder spectrum presented in Fig. 2. Generally,
vibrations of metal ions in the crystal lattice are in the range of 400-
4000 cm™ in FTIR analysis. From Fig. 2, it can be obtained that the
peak at 667 cm™' is attributed to the stretching vibration mode of M—O
for the tetrahedrally coordinated metal ions. The band at 573 cm™ can
be assigned to the octahedrally coordinated metal ions.
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Fig. 2. FTIR spectrum of Zn _Mg_ Co O, powder.

3.3. Scanning electron microscopy (SEM) analysis

Fig. 3 depicts SEM image of Zn Mg .Co,0O, thick film. It can
be observed that Zn Mg .Co,0, thick film show structure having
large grains size with soft agglomerations has a regular morphology
(polygons). From figure, it shows the formation of the agglomerated
particle having grain size is ~ 28 nm.
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Fig. 3. SEM image of nanosized Zn_Mg Co.0..

3.4. Energy dispersion X-ray (EDX) analysis

Fig. 4 shows EDX patterns of the nanosized spinel
Zn, Mg Co,0,. From the EDX spectrum, the presence of Zn. Co and
O elements alone in the sample, has been confirmed the absence of any
other impurities. EDX results reveal almost the same ratio of Mg/Zn/
Co for the synthesized nanoparticle as they were actually added during
svnthesis process.

Fig. 4. EDX spectrum for nanosized Zn_Mg_.Co0.O..

3.5 Transmission electron microscopy (TEM) analysis
The TEM image of the Zn _Mg .Co,0, calcined at 500°C for 2
h are shown in Fig. 5(a). It indicates the presence of Zn _Mg .Co,O,
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nanoparticles with size 3040 nm which form beed tyvpe of oriental

aggregation throughout the region.

-

Fig. 5(a). TEM image of nanosized Zn_ Mg Co 0.

Fig. 5(b) shows the selected area electron diffraction (SAED)
pattern the spot type pattern which is indicative of the presence of
single crystallite particles. No evidence was found for more than one
pattern, suggesting the single-phase nature of the material.

Fig. 5(b). Image of Zn__Mg_ .Co,0, nanoparticles with SAED pattern.

4. Gas sensing properties

['o study the selective behavior of nanocrystalline Zn, _Mg_.Co,O,
gas response (S) towards 50 ppm for various test gases such as LPG,
NH,, CO,, H,S, Cl,, H, and C,H,OH at optimal operating temperature
100°C and is depicted in Fig. 6.
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Fig. 6. Selectivity of nanocrystalline Zn, _Mg  Co O, thick films.

The Zn, Mg .Co,0O, sample exhibited the higher gas response
18.31 towards H,S. Hence. the Zn,_Mg_ _Co,0, sensors show maximum
selectivity for H,S gas towards 50 ppm among all the tested gases.

The gas sensing mechanism can be explained as follows. When
nanocrystalline ZnCo O, sensors are exposed to air, oxygen molecules
get adsorbed on the surface and form O™, O, and O*™ by capturing free
electrons from the conduction band, which results in a high resistance
in air. When the semiconductor surface is exposed to H,S gas at proper
temperature, H S may react with the surface oxygen species. Thus,
the electrons trapped by O™ are released and returned ZnCo,0,. The
reaction leads to decrease in resistance of nanocrystalline ZnCo O,

The inlet H.S can react rapidly with the adsorbed oxygen and
hvdroxvl species, therefore releasing the captured electrons back to
bulk. Reducing gases can also react with the lattice oxygen. but the
rate is much slower than the surface reaction and can be neglected. The
first interpretation of the chemical sensing mechanism considers the
negatively charged surface oxygen ions. which react with the gas. The
increase of the conductivity in the presence of H,S may be explained
by the reaction below;

H,S+30" —S0,+H,0 +6e”

According to this reaction, the interaction of H,S with previously
adsorbed O* ions results in the injection of electrons into the depletion
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layer of ZnCo,0, grains. Furthermore, the effect of Mg doping on the
gas sensing performance of nanocrystalline ZnCo,0, can be explained.
The nanocrystalline Zn _Mg_.Co,O, is highly conductive nature and
availability of free electrons in Mg would also cause more electrons
to be extracted by adsorbed oxygen. Thus, in the presence of Mg more
electrons are extracted, which produce a deeper electron-depleted
layer in ZnCo,O,. In addition, the Mg doped nanocrystalline ZnCo O,
has large surface-to-volume ratio and has a high density of active
adsorption sites, which helps in showing a relatively higher response
than undoped ZnCo O,.
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Fig. 7. Gas response of Zn _Mg . Co,0, as a function H_S concentration.
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Fig. 8. Response characteristics of Zn _Mg_ Co O, thick film to
50 ppm H.S.
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The response of Zn Mg .Co,0, as a function of H,S gas
concentration at 100°C is shown in Fig. 7. The gas response was
observed to increase with increase in the gas concentration and
thereafter it remains almost constant. The response and recovery
time characteristics of nanocrystalline Zn Mg .Co,0, based sensor
to 50 ppm H,S at 100°C are depicted in Fig. 8. The nanocrystalline
Zn Mg Co,0, have quick response time 16 s and fast recovery time
52 s. Therefore, nanocrystalline Zn Mg .Co,0, based sensor exhibits
the good response and recovery time to H,S.
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Fig. 9. Stability nanocrystalline Zn Mg  Co,O, thick film.

The reproducible nature of nanocrystalline Zn Mg .Co,0,
based thick film sensor to 50 ppm H,S was measured for a month in
the interval of 10 days and result are shown in Fig. 9. From figure, it
was found that nanocrystalline Zn Mg .Co,O, based sensor possesses
a very good stability and durability.

5. Conclusions

In summary, we have reported the synthesis and investigations
of gas sensing properties of Zn Mg .Co,0, nanomaterial for
the detection of H,S. The material was fabricated by the sol-gel
method. TEM investigation reveals the average crystallite size is in
accordance with XRD results. The excellent gas sensing performance
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of the prepared Zn Mg Co, O, nanomaterial was attributed to its
morphology, the operating temperature and the disparity in the sensing
mechanism between H,S and other reducing gases. The obtained
results demonstrate the potential suitability of the application of
Zn, Mg, .Co,0, in gas sensing devices for the detection of H,S.
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Abstract:

Cobalt aluminate (CoAl:04) nanoparticles were synthesized via co precipitation route.
Sample was calcinated at 900°C. X-ray diffraction, data confirms the formation of single-phase
cubic structure and the average grain sizes were evaluated. The XRD result revealed the
production of a sharp single cubic spinel structure of prepared sample without any impurity
peak with the crystallite size of about 21.6 nm. The high and low frequency absorption bands
of CoAl:Os were investigated using FT-IR analysis. The microstructural features were
examined by scanning electron microscopy (SEM).

Keywords: Nanocrystalline, Cubic-Spinel, XRD, FT-IR, SEM.

Introduction:

Cobalt aluminate spinel (CoAl20s) is known for its blue colour and it is widely used as
pigments for ceramics, paints, fibres and so on. CoAl:Oy is a material which have excellent
thermal stability, high melting point and electrical properties. The structure of CoAl:Os also
plays a key role in determining the material's behaviour in different environments making it
an important consideration in various fields of science and engineering [1]. The materials have
high thermal stability, colour stability, resistance to moisture and humidity also make it suitable
for use in harsh environments [2-7].

Materials and Methods:

There are several methods use to synthesize Cobalt aluminate nanoparticles, including the
mixed oxide method, citrate-nitrate method, hydrothermal synthesis and combustion methods
[8.9]. Among all the methods, co precipitation is one of the most efficient routes and human-
friendly method to develop spinel oxide materials in a short span of time while utilizing less
energy [10].

Sample CoAl:O; was synthesized by co-precipitation method in an air atmosphere. The
starting materials were weighed according to the stoichiometric ratio. The raw materials
Al(NO3)2(99.0%), (Co(NO3): 6H20, were dissolved in distilled water mixed well with each
other at 80°C temperature under constant magnetic stirring, where in the molar ratio of Co/Al
was 1:2. In this process, ammonia was used as precipitant. The mixed materials were dried in
an oven for 24 h. The dried materials were put into the alumina crucible and calcined in a
muffle furnace at 900°C for 4 h and then the white powder was obtained. Thick film was
prepared from this powder by screen printing method.

There are many reports available on semiconducting metal oxide. Among these cobalt
aluminate gas sensor is a potential candidates of the gas sensing device. In this paper
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characterization of the spinel was carried out by using powder X-ray diffraction, infrared
spectra and scanning electron micrograph,

Techniques:

The X-ray measurement of various mixed solids was carried out using a BRUKER D8
advance diffractometer (Germany). The patterns were run with Cu Ka radiation at 40 kV and
40 mA with scanning speed in 20 of 2° min’'. The crystallite size of CoAl;O;4 crystallites
present in the investigated solids was based on X-ray diffraction line broadening and calculated
by using Scherer equation [11]

kA
d= RCos 8

where d is the average crystallite size of the phase under investigation, Kk is the Scherrer
constant (0.89), % is the wave length of X-ray beam used. [} is the full-with half maximum
(FWHM) of diffraction and 0 is the Bragg's angle. The XRD patterns of these powders showed
several peaks at 31.44, 37.02, 44.94, 55.78, 59.46 and 65.30 corresponding to (h k 1) reflection
at(220),(311),(400),(422),(51 1)and (4 4 0) respectively [12].
These peaks could be indexed with space group Fd3m.
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Fig. 1: XRD pattern of CoAl:Q4powder calcinated at $00°C.

Infrared spectra of given sample as shown in fig. 2. Spectra shows three bands in the region
500 10700 cm'. These three bands are attributed to the vibration modes of the CoAl;O; phase
[13). These results are in good agreement with XRD analysis.

Scanning electron micrographs (SEM) were recorded on JEOL JSM 7600F. SEM
micrographs of the sample CoAl:Os thick film are presented in fig. 3. The film was synthesized
by screen printing method. Figure shows agglomerates of different shapes and the particle size
between the range 45.1- 45.4 nm.
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Fig.2: FTIR spectra of CoAl:03 powder calcinated at 900°C.
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Fig. 3: SEM image of Nanocrystalline CoAl204 thick film.

Conclusion:

In summary, CoAl:OQs nanoparticles have been successfully synthesized through
co precipitation method. The sample was heated upto 900°C. The heat treatment blue powders
with a direct spinel structure (CoAl:O4). The vibrational stretching frequencies corresponding
to the composites were confirmed by FT-IR spectroscopy. Scanning electron micrograph
shows homogenous morphology; it consists in agglomerates of primary particles of quasi-
spherical shape with a size in the range 45.1 to 45.4nm.

- — . 230 ——




National Conference on "Recent Advancements in Science & Technology” ISBN : 978-81-19931-25-5

References:

1. S. Bid and S.K. Pradan, Materials Chemistry and Physics (2003) 82-27.

2. R.E. Ayala and D.W. Marsh, Ind. Chem. Res. (1991) 30-55.

3. Y. Tang, C. Wu, Y. Song, Y. Zheng, K. Zhao, Effects of colouration mechanism and stability
of CoAl204 ceramic pigments sintered on substrates, Ceram. Int. 44 (2018) 1019-1025.

4. S. Obata, M. Kato, H. Yokoyama, Y. Iwatara, M. Kikumoto, O. Sakurada, Synthesis of nano
CoAl204 pigment for ink-jet printing to decorate porcelain, J. Ceram. Soc. Japan 119 (2011)
208-213.

5.Y. Song, Y.L. Zheng, Y.F. Tang, H.B. Yang, Fabricaticn and stability of CoAl204 ceramic
pigment for 3D printing, MSF 898 (2017) 1935-1939.

6. P. Xiaojin, C. Jinshu, Y. Jian, J. Na, K. Junfeng, H. Yansheng, Z. Qi, Environmental blue
CoAlQ, pigment co-doped by Zn** and Mg** synthesis, structure and optical properties,
Adv. Appl. Ceram. 117 (2018) 303-311.

7. M. Abhishek, K. Manjunatha, V. Jagadeesha Angadi, E. Melagiriyappa, B.N. Anandaram,
H.S. Jayanna, M. Veena, K.S. Acharya, Structural and magneticproperties of Eu**
substituted Mg-Cd nanoferrites: a detailed study of influence of high energy y-rays
irradiation, Chem. Data Collect. 28 (2020).

8. G. Aguilar-Rios, M. Valenzuela, P. Salas, H. Armendariz, P. Bosch, G. Del Toro, R. Silva,
V. Bertin, S. Castillo, A. Ramirez-Solis, 1. Schifter, Appl. Catal. A.Gen. 127 (1995)

65-75.

9.J. Wrzyszcz, M. Zawadzki, J. Trawczy'nski, H. Grabowska, W. Mi'sta, Appl. Catal. A
Gen. 210 (2001) 263-269.

10. C.O. Arean, B.S. Sintes, G.T. Palomino, C.M. Carbonell, E.E. Platero, J.B. P. Soto,
Microporous Mater. 8 (1997) 187.

11. B.D. Cullity, Elements of X-ray Diffraction, Addison-Wesly Publishing Co. Inc. 1976
(chapter 14)

12. N. Ouahdi, S. G. Fritsch, Durand, El Bernard, Ouatib, Rachida, Er Rakho, Lahcen, R.

Moussa, A. Samdi, J. of Euro. Ceram. Soc. 28 (10) (2008) 1987-1994.

13. X. Duan, M. Pan, F. Yu, D. Yuan, Synthesis, structure and optical properties of CoAl.0,

spinel nanocrystals, J. Alloys Compd. 509 (2011) 1079-1083.

231




SN 2d3d-197

I3 4
LR R

THE RUBRICS ]OURNAL OF INTERDISCIPLINARY STUDIES
International, Indexed and Peer Reviewed e-Journal

Preparation of Zinc doped Magnesium Ferrite Nanoparticles by
Sol-Gel Method

T. R. Tatte*, V. D. Kapse, M. S. Pande

*Department of Physics, Shri. Dr. R. G. Rathod Arts and Science College, Murtizapur, 444107, Dist.
Akola, Maharashtra State, India.

Department of Physics, Arts, Science and Commerce College, Chikhaldara, 444807, Maharashtra
State, India.

Department of Physics, Gajanan Maharaj College of Engineering, Shegaon, 444203, Maharashtra
State, India.

1. Introduction

During the last decade, the world has seen huge interest in developing and
understanding the matter of nanometric scale. It has allowed the scientists to develop
and characterize materials with prominent properties and nanometric sizes. Due to
the note-worthy properties, exhibited by nonmaterial, they have become centre of
attention in the scientific community. The fabrication of spinel-structured ferrite
nanoparticles has been intensively investigated in recent years due to their unique
physical and chemical properties, as well as technological applications in ferrofluids
[1], high-density magnetic recording media [2], biomedicine [3] and radar-absorbent
materials [4].

Spinel ferrites, MFe2O4 (M = Mg, Mn, Fe, Co, Ni, Zn, Cu, Cd, etc.) are a technologically
important group of materials. Among different ferrites, magnesium ferrite (MgFe20x)
enjoys a special attention because of its vast applications in high density recording
media, heterogeneous catalysis, adsorption, sensors and magnetic technologies.
MgFex0s is a partially inverse spinel and its degree of inversion is sensitive to the
thermal history of the sample, microstructure and preparative parameters.
Nanoparticles of MgFe:0s have good photo electrical properties [5-7]. To fabricate
various types of nanoparticles, a large number of methods are used such as physical,
chemical, biological and hybrid methods. The nanoparticles synthesized using each
method exhibit particular properties. So, the synthesis of nanostructured materials
has become a particularly important area of research.

There are several methods for synthesizing nanosized spinel ferrite particles such as
hydrothermal, co-precipitation, combustion, sol-gel, precursor, spray drying and
freeze drying, microemulsion and reverse micelle method [8-15]. To prepare
nanoferrites with simple routes by using cheap, non-toxic and eco-friendly
precursors are still the core issue, among other proven synthesis methods [16].
Among these methods, the nanoparticles prepared by sol-gel method have been
studied, although this synthesis provides a quick and easy way to prepare
nanoparticle, it usually produces sample with large size distribution and less defined
crystal chemistry.
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Herein, the purpose of this work is to prepare nanocrystalline Zn doped Mg spinel
ferrite by a sol-gel method with a low calcination temperature involving low cost
metal nitrates as raw materials and study of their structural properties.

2. Experimental

Preparation of nanocrystalline MgosZnosFe:04 powder was synthesized by the sol-gel
technique. All chemicals were of analytical grade and were used without further
purification. The stoichiometric molar amounts of Ferric nitrate [Fe(NOs):.9H20],
Magnesium nitrate [Mg(NOs)2.6H20], Zinc nitrate [Zn(NOs)..6H20] and Citric acid
[CeHsO7.H20] were weighed separately with a ratio 0.5M:0.25M:0.5M. These reagents
were mixed with distilled water and volume made up to 100 ml. The solution mixture
was stirred and heated at 60°C for 3 h and followed by 80°C, until the mixture
changed to gel form. The gel was then dried in an oven at 100°C for 24 h. The obtained
powder was then calcined in a muffle furnace at 700°C for 2 h to improve the
crystallinity of the prepared material. Finally, brown color powder was obtained.
Taken solid phase sample was grinded in a mortar to make it powder for further
analysis.

The phase confirmation was determined using XRD (Bruker, AXD D8-Discover using
Cu Ka radiation with an accelerating voltage 40 kV). FT-IR image was recorded using
3000 Hyperion Microscope with Vertex 80 (Bruker, Germany) to provide information
about the structural coordination in the powder sample. The TEM image was
recorded using CM 200 (Philips) with an accelerating voltage of 20-200 kV.

Appropriate quantity of mixture of organic solvents such as butyl cellulose, butyl
carbitol acetate and turpineol was added to the mixture of MgosZnosFe:04 and a
solution of ethyl cellulose (a temporary binder). The mixture was then ground to form
paste. The paste obtained was screen printed onto a glass substrate in desired
patterns. The thick films so prepared were fired at 500°C for 1 h. Surface morphology
of thick film was observed by using SEM (JSM-7600F microscope) with an
accelerating voltage of 0.1 to 30 kV.

3. Result and discussions
3.1 XRD analysis

The X-ray diffraction pattern of MgosZnosFe20s calcinated at 700°C for 2 h was
exhibited in Fig. 1. Main peaks were found at 20 values = 29.90°, 35.21°, 56.58°, 62.14°
and 73.48° which were identified as corresponding to Miller index (220), (311), (400),
(511) and (440) respectively (JCPDS card no. 73-2211). The XRD peaks and their
positions with the calculated lattice parameter confirm that all the compositions
exhibit single-phase cubic spinel structure with Fd3m space group. No peaks from
other phases are detected, indicating high purity of the products.

The average crystallite size (D) was calculated from XRD peaks broadening using the
Debye-Scherrer approximation, which is defined as
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KA

D = fcosO (1)

where, D is the average crystallite size, k is a constant equal to 0.9, A is the X-ray
wavelength and f3 is the peak full width at half maximum (FWHM) and 0 is the angle

of diffraction.

However, the lattice constant of as-synthesized ferrite powder was a= 8.421A°. A
similar linear variation of lattice constant with Zn content has been observed by El-
Sayed [17] and Kakatkar et al. [18] for M—Zn ferrites with M = Ni, Co, Cu, Mg. The
average crystallite size was determined from the XRD powder pattern using Debye-
Scherrer formula and was found to be 30 nm.
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Fig. 1. XRD pattern of MgosZnosFe204 calcined at 700°C.

3.2 FT-IR analysis

FT-IR spectrum of MgosZnosFe204 nanoparticle was presented in Fig. 2. Vibrations of
ions in the crystal lattice were usually observed in the range of 4000 - 400 cm™in IR
analysis. Two main broad metal-oxygen bands were seen in the IR spectra relative to
spinel ferrite compounds. Infrared spectrum shown in Fig. 2 had two absorption
bands near about 400 cm™ and 600 cm™ for octahedral and tetrahedral sites
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respectively. Waldron [19] attributed the higher absorption band position (600 cm™)
to the intrinsic stretching vibrations of tetrahedral complexes and the lower
absorption band position (400 cm™) to octahedral-metal stretching because of the
difference in Fe*— O distances for the octahedral and tetrahedral sites respectively.
The Mg?*ions occupy mainly the octahedral sites but fraction of these ions may be
migrated into tetrahedral sites. This would explain the existence of a weak shoulder
in the range of 690 =710 cm. This confirms that the Mg ferrite has a partially inverse
spinel structure.
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Fig. 2. FTIR spectrum of nanocrystalline MgosZnosFe20a.

3.3 TEM analysis

The size and morphology of the obtained MgosZnosFe2Os nanocrystal was
characterized by TEM observation. Fig. 3(a) shows TEM image of MgosZnosFe2Os
nanoparticle. The corresponding SAED pattern is shown in Fig. 3(b). As can be seen
from Fig. 3(a) and (b), the prepared product consists of small sized nanocrystals with
irregular shapes. It appears that a higher temperature reaction favors a particle with
larger grain sizes, because a higher temperature enhanced the atomic mobility and
caused the grain growth to result in a better crystallinity. As it can be seen that the
result estimated from TEM micrograph was in good accordance with the XRD
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analysis. The selected area aperture used in this study sufficed to reveal all the
corresponding bright rings of the spinel structure. It was observed that the spot type
pattern which is indicative of the presence of single crystallite particles and no
evidence was found for more than one pattern, suggesting the singlephase nature of
the material.

Fig. 3(b). SAED micrograph of nanocrystalline MgosZnosFe20a.
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3.4 SEM analysis

SEM technique was employed for finding morphology of the thick film. Fig. 4 shows
SEM image of the nanocrystalline spinel MgosZnosFe2Os. The SEM technique was
employed for finding morphology of the powder; it shows formation of the
agglomerated particle. SEM image shows that the sample exhibit large grains
structure having irregular morphology (polygons) with the presence of soft
agglomerations.

— 100nm SAIFIITB 6/30/2016
X 75,000 10.0kV SEI SEM WD 5.3mm 6:20:48

Fig. 4. SEM image of nanocrystalline MgosZnosFe2Oa.

3.5 Energy dispersion X-ray analysis

Energy dispersion X-ray analysis (EDX) was investigated the elemental composition
of synthesized MgosZnosFexOs thick film. EDX spectrum of the nanocrystalline
MgosZnosFe20s is as shown in Fig. 5. The EDX analysis exhibit the presence of Mg,
Zn, Fe and O and EDX spectrum reveal almost the same ratio of Mg/Zn/Fe for the
nanocrystalline MgosZnosFe20Os as they were actually added during synthesis process.
Hence, confirms the purity of nanocrystalline MgosZnosFe2Os.

543
SPECIAL ISSUE VOL. 6 NO. 3 MARCH 2024



SN 2d3d-1974

I3
LR R

THE RUBRICS ]OURNAL OF INTERDISCIPLINARY STUDIES
International, Indexed and Peer Reviewed e-Journal

Spectrum 1

[u] 1 2 3 4 5 B 7 a g 10
Full Scale ST7E ctz Cursor: 0.000 ket

Fig. 5. EDX spectrum for nanocrystalline MgosZnosFe20a.

4. Conclusions

Zinc doped magnesium ferrite nanoparticles (MgosZnosFe20s) was prepared using
less expensive, environment-friendly and low temperature sol-gel method using
citric acid as anionic surfactant calcined at 700°C. XRD pattern reveals that the
synthesized ferrite consists of nano crystalline particle with average crystallite size 30
nm. The FT-IR spectrum exhibits main absorption bands around 561 cm™ and 437 cm-
! corresponding to the vibration modes of the tetrahedral and octahedral sites
respectively. The crystallite size from TEM analysis matches well with XRD results
confirming the usefulness of sol-gel method for the synthesis of nanocrystalline
MgosZnosFe20s. The morphological investigations from SEM showed the sample
surface is fully covered by grains with irregular shape. The EDX confirmed the
presence of Mg, Zn, Fe and O with values as per the initial precursor concentration.
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ABSTRACT

This paper concentrates on nanocrystalline powders of ABO; structure were synthesized by
the various. Solid state gas sensor is a very effective sensor compared to other sensors
because it can detect different harmful gases and it can be used in variety of applications.
Given the intense market rivalry, it would be ideal for gas sensors to become more
dependable and of higher quality. High sensitivity, high precision, and cost-effective
compatible gas sensors have garnered a lot of interest. Research on sensing materials has
been broadly targeted in order to provide good gas sensing. This paper review on solid state
gas sensor. The creation of effective and efficient gas sensors is the result of advancements
innanotechnology and the use of various materials.

Keywords: Nanomaterials, gas sensors, perovskite, etc.

1. Introduction

In day today modern life detection of different gases play a vital role. The significant area of
research towards gas sensing that leads to the fabrication of gas sensing devices which detect
various harmful gases. Human body suffers from different diseases due to the emission of
various toxic and hazardous gases. Solid-state sensors are among the most versatile of all
sensors, as they detect a wide variety of gases, and can be used in many different applications.
Among the unique attnnbutes of the solid-state sensor are the abilities of the sensor to detect
both low ppm levels of gases, as well as high combustible levels. Solid state gas sensors, are
the excellent candidates to the fabrication of commercial gas sensors for a wide range of
applications [ 1-5]. The development of high precision gas sensors is crucial for the monitoring
of harmful (exhaust) gases in the environment. A variety of dangerous gases, such as CHy,
NO;, LPG, NH;, SO;, CO, H;5, NO;, Acetone, Hz.ethanol, and methanol, are constantly
released by industry, transportation, and agricultural activities. Many of these gases are
hazardous to human health as well as the environment,

even at levels measured in parts per million, or ppm. Some of these gases, like Ha, are
naturally explosive when exposed to air.

In recent years, nanomaterials based on perovskite have been used in a variety of sustainable
applications. Their structural properties enable researchers to investigate functionalities in a
variety of directions, including solar cells, LEM devices, transistors and sensors, elc.
Perovskite nano-materials have been shown to have remarkable sensing performance to a
wide range of chemical and biological species, both in solids and solutions. In particular,
they are able to detect small molecules (e.g., oxygen, nitrogen dioxide, carbon dioxide, etc.).
In addition, Solid-state gas sensors are emerging as a viable substitute for the intended real-
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time functions in light of recent developments in the materialsciences and advancements in
processing and downsizing techniques. The greatest options for the development of
commercial gas sensors for a broad range of such applications are solid state gas sensors,
which are based on a variety of concepts and materials. [6-10].

2. Structure, Stability and Properties of Perovskites
Perovskite is the name given to the compounds that have the formula type ABX;with different
sized 'A’ and 'B’ cations bonded to anion X [11]. ABO; Perovskites exhibit good thermal
stability with an eV band gap of 3—4, which is why they were used in a lot of gas sensing
studies [12]. Perovskite materials can be employed as sensors for gaseous species because
their stability was significantly disrupted when exposed to gaseous environments, such as
NO:;, CH,, NH;, C>HsOH, acetone, etc. [13]. The chemiresistive 1-V, phosphorescence, and
fluorescence responses of these perovskite materials can be used to record the sudden changes
in them. However, in these sensing investigations, the opto- electronic characteristics of
perovskites are crucial. Renowned contenders with remarkable attributes including electrical
conductivity, ferroelectricity, superconductivity, catalytic activity, etc. are perovskite oxides.
There are several ways to synthesis the naocrystalline perovskite material, including the
hydrothermal, sol-gel, and chemical co-precipitation processes, etc. Because of the
remarkable stability of the perovskite structure, structural flaws can be created when one or
both of the cations in the A and B sites are partially substituted with other metals that have a
different oxidation state.
3.  Review of solid state gas sensor
Soil, water, and air pollution are the three categories into which environmental contamination
falls. Of these three categories, air and water pollution are the main contributors to disasters
since they spread quickly over a wide area in a short amount of time. Since industrial progress
has dramatically expanded environmental pollution to such a level that public concern is now
so great that it cannot be ignored any longer, environmentalmonitoring and management are
absolutely necessary. Therefore, in order to address these environmental issues, thorough
study has been done to quickly identify these contaminants and lower their levels to within
the regulatory allowed concentrations. These factors have contributed to the advancement of
solid-state gas sensor research and development in recentyears. Gas sensors with metal oxides
as the sensing medium have been widely used in gas detection applications. In fact, there is
growing interest in gas sensing for nanocrystalline semiconducting metal oxides with
regulated compositions, which also represent an intriguing new area of fundamental research
[ 14]. Because of its oxide stability, high response, low production cost, and ability to respond
to a wide spectrum of chemicals, semiconductor metal oxide nanostructures are the most
preferred of all the solid state gas sensing materials. They respond quickly, are robust,
dependable, and reasonably priced. Different types of solid state gas sensors are
semiconductor gas sensor, optical gas sensor,
electrochemical gas sensor, etc. Semiconductor gas sensors (SGS), known sometimes as
chemoresistive gas sensors, are typically based on metal oxides (e.g. SnOy, TiO3, InxO3, WO3,
NiO, etc.). Recent applied research and product releases in this sector of gas sensors have
revealed some noteworthy developments regarding the use of nanotechnologies and gas-
sensing layers. In the sensing industry, optical gas sensors are crucial for measuring chemical
and biological quantities. Changes in the absorption spectrum were used to measure the first
optical chemical sensors. Chemical sensors and biosensors currently employ a wide range of
optical techniques, such as ellipsometry, surface plasmon resonance(SPR), spectroscopy
(luminescence, phosphorescence, fluorescence, Raman), interferometry(white light. modal,
and optical waveguide structures), spectroscopy of guided modes in optical waveguide
structures (grating coupler, resonant mirror), and interferometry (white light,
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phosphorescence, and fluorescence). Electrochemical gas sensors use an electrochemical cell,
which is made up of two terminals (an anode and a cathode) of the same composition and a
casing that holds a collection of chemical reactants (electrolytes or gels) in contact with the
environment. A membrane on the top of the gas sensor enclosure allows the gas sample to
pass through it. At the anode, oxidation happens, and at the cathode, reduction happens.

4. Conclusion

In this review study, the materials chosen for the construction of such gas sensors, and the
sources of emission and regulatory standards of air pollutants are briefly reviewed. It has been
addressed how advances in material science have led to the development of potential solid-
state gas sensors, with the aim of comprehending the underlying technology and offering
targeted functionality for a particular application.
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