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ABSTRACT: Induction motor has redefined the concept of electro mechanical conversion in modern day industry.
Presently it accounts for about 60% of total industrial loads. Hence any failure occurring in the induction motor leads to
severe bottle neck in industrial process, loss of production and revenue. The quality of the supply given to the IM plays
a major role in its performance. Any variation in the supply will adversely affect its normal operation. Hence it is
important to detect any PQ disturbances and identify the nature of the disturbance. This work proposes a novel method
for the detection of seven types of sag and swells (Type — A, B, C, D, E, F, G) in supply to the IM using the signature
of the stator current. Statistical methods such as mean, standard deviation, skewness and kurtosis of the stator current
are used for feature extraction. Feed - Forward Neural network is used for classifying different types of sag and swell
for varying degree of disturbances. It is observed that the proposed network has performance efficiency of 88%.

KEYWORDS: Feed-Forward Neural Network, Statistical features, Induction motor, PQ disturbance.

I. INTRODUCTION

Power quality (PQ) is generally understood to be the electrical network's capacity to deliver a steady and clean power
flow that acts as a perfect power supply and is constantly available, has a pure noise-free sinusoidal wave shape and is
always within frequency and voltage tolerances.The quality of the supply has a significant impact on the optimal
operation and efficiency of today's power-driven equipment. Induction motor drives are preferred for its simple and easy
control. Voltage sag, harmonics, voltage swell,imbalance, impulse surges, short interruptions, overvoltage, and under
voltage are power quality issues that have an impact on the behaviour of induction motors[1]. Thermal effects, a
reduction in torque and speed values to levels below the rated values,skin effect, insulation failure, and are all effects of
PQ disturbances on the motor.

Frequent power quality disturbances are voltage sag and voltage swell in supply to the induction motor. The IEEE
defines voltage sag as: The IEEE defines voltage sag as: “Reduction in the rms voltage in the range of 0.1 to 0.9 p.u for
duration greater than half a mains cycle and less than 1 minute”. It is caused by faults and increased load demand. The
IEEE defines voltage swell as: “An increase in the rms voltage in the range of 1.1 to 1.8 p.u for duration greater than half
a mains cycle and less than 1 min”. It is caused by load switching , system faults and capacitor switching, large
equipment start-up or shutdown, sudden change in the load and etc.

The Short Time Fourier Transform (STFT) method, Fast Fourier Transform (FFT), Fractal based approach, S-
transform (ST) method and Discrete Wavelet Transform (DWT) method are frequently used to extract the features of
non-stationary signals. Only stationary signals—that is, signals whose characteristics do not fluctuate over time—are
shown to operate better with FFT. The STFT struggles to work well with non-stationary signals due to the constraints
of a predetermined window width. In order to extract the features from stator current of the induction motor, statistical
approaches are called upon while taking these drawbacks into account.
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This work consists of

e By using statistical approach, feature extraction from the IM's single phase stator current. In this instance, single
phase stator current measurement is used instead of three phase stator current measurement.

e detection and classification of PQ disturbances usingfeed-forward neural network.

Paper is organized as follows. Section II describes the feature extraction technique, which involves sampling and
processingstator currents of the induction motor using statistical techniques including kurtosis, skewness, standard
deviation, , and mean. The feed-forward neural network classification technique for PQ disturbances is presented in
Section III. Section I'V presents a flowchart that depicts the work's process flow. Finally section V draws the conclusion.

II. FEATURE EXTRACTION USING STATISTICAL METHOD

The simulation in MATLAB uses a 5.4 HP, 400 V, 50 Hz, three phase squirrel cage IM with 4 poles. Fig.1 shows the
simulation model for injecting power quality disturbances in the supply to the induction motor. To inject voltage sag
and swell in supply to the IM, 3 phase programmable voltage source and single phase AC voltage source are utilized.
The supply frequently experiences sag and swell at the points of common coupling connected to industrial loads with
induction furnaces, welding transformers, big IM drives and arc furnaces among other PQ disturbances. Voltage sags
and swells come in seven different varieties. The supply to the IM is depicted in Figs. 2 and 3 as having all different
types of sag and swell. Table I displays the mathematical formulas governing every sort of voltage sag and swell.
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Fig.1. MATLAB/Simulink model to inject voltage swell and sag in supply to IM
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TABLE.1: Sag and Swell Types In Equation Form

Type - A Type - B
v, = hv v, = hv
_ L, 3, 1 43
vp=—5hv—j—hv Vp =5V
1 3 1 V3
UCZ—EhU+]7hU vc:—iv+]7v
Type -C Type -D
Vg =V v, = hv
vbz—lv—]—hv lh V3
2 Vp=—5hWw—j—>v
b=
1 43
vcz——v+]7hv 1h L 3
v, =—zhv v
T "5
Type -E Type - F
Vg =V
1 v, = hv
vy —Ehv—]7hv L 1 2t
vy =—chv—j—QC2+h)v
i A
v, =—zhv+j—hv
2 2 v,=—zhv+j—@Q+h)w
e =3 Jm( )
Type - G
1 Where ‘h’ is the magnitude of
v, = §(2 + h)v sag/swell and ‘h’ varies from 0 to 1
1 V3 for sag and 1 to 1.8 for swell
vb=—8(2+h)v—]7hv
1 3 V= V,/V3 (phase - ground
Ve="% C+hv+j Thv voltage)

Voltage sags and swells cam be either balanced or unbalanced depending on the cause. Type A sag/swell is
symmetrical, so it is called balanced sag/swell. Other types of sag/swell are unbalanced.
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Fig.2. Pictorial representation of all types of sag
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Fig.3. Pictorial representation of all types of swell

The following equation can be used to obtain statistical characteristics for the stator current, including standard
deviation, mean, skewness, and kurtosis.

I Py
Mean p= — ¥, (1)
R
Standard deviation § |: %)
S (3, -#) IN
Skewness "'— %)
5
"
g
>, -40)' /A
Kurtosis = -=———————— 3 4)

5

Where N = total number of samples, y; = sample values of stator current. The feed-forward classifier is trained with
statistically derived parameters and the classification result identifies the kind of voltage sag and swell.
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III. FEED-FORWARD BACKPROPAGATION NEURAL NETWORK

The final step in the identification of voltage sag and swell is classification of disturbance. A multilayer feed forward
neural network is used to execute learning through the back-propagation technique. A collection of weights are learned
iteratively to predict the class label of tuples. There are oneor more hidden layers, an output layer, and an input layer in
a multilayer feed forward neural network. Fig. 4 illustrates the use of a multilayer feed forward neural network. The
input/output pair's signal patterns are taught to the feed-forward back-propagation network from the disturbance
database. The pattern has types and percentages of sags and swells as outputs, and statistical features as input.
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layer layer layer

Fig.4. Generalized Architecture of Multilayer feed forward neural network
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Fig.5. Architectural view of feed forward neural network
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Fig.6. Feed Forward Back Propagation Neural Network Training using statistical feature
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Fig.7. Performance plot of the training data set

IV.PROPOSED METHODOLOGY

The process of feature extraction utilizing statistical methods and using those feature voltage sags and swells are
classified as shown in Fig.6's flowchart.
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Fig.8. Flow chart of the proposed methodology
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V. RESULTS

As shown in the table 2, 406 training data are used to train the Feed — Forward Back Propagation classifier and 105
additional test datasets are used to evaluate the network.

TABLE.2: Classification Result

Types of voltage sag and swell Trained data Test Total Accuracy
data

Type- A 57/58 12/15 69/73 94.52
Type -B 56/58 9/15 65/73 89.04
Type- C 55/58 8/15 63/73 86.3
Type- D 56/58 9/15 65/73 89.04
Type- E 57/58 12/15 69/73 94.52
Type- F 54/58 7/15 61/73 83.56
Type- G 55/58 11/15 66/73 90.04
Grand Total 390/406 68/105 458/511 89.6%

VL. CONCLUSION

This work presents a technique for the automatic classification of PQ disturbances. The PQ disturbance is first
identified using statistical techniques and classified using ANN. It is observed that the statistical values alone can be
used as an effective variable for the detection and identification of disturbances. A database of 390 signals is generated
with different PQ disturbances for training an additional 68 signals is used testing. The overall performance evaluation
of the proposed Feed- forward Neural Network is 88%.
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