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Abstract Every manufacturing Industry which drives
heavy load requires help of three phase induction
motor to run its mechanical load. The reason behind
its popularity is its low manufacturing cost, less
maintenance and simple working principle. Induction
motors also widely find prime application in many
commercial, residential and agricultural centers.
Initially in all-purpose having constant load uses IM
and varying load is done using DC motor due to its
smooth speed control characteristics. But in past
couple of decades many scalars and vector control
strategies has been developed for Induction Motor
drives thus replacing DC drives completely. In
almost all industries a varying mechanical load\is
needed to be fulfilled with varying torqueypraduced

by Induction Motor speed control.

Hence it is expected from induction motor drives to
have high grade efficient performance. From efficient
performance a smooth speed control of motor is
expected which will eventually lead to the

conservation of energy.

This work is mainly focused in utilizing the power of
artificial neural network in speed control of 3 ¢ IM. A
comparison of result obtained through this method is
done with the conventional technique to prove the
superiority of the artificial intelligence in solving this
problem. The designing of induction motor drive
based on ANN is consisting of two parts, one is an
identifier based on ANN which has the purpose of

estimating required motor speed and the other is

controller based on ANN which has a purpose of
forming an appropriate signal for the motor speed
controlling. For both such purposes, usually
backpropagation neural network training approach is
very affective due to its exceptional quality to drive
meaning out of non-linear distributed data. The
proposed work is done using MATLAB/Simulink

software.

Keywerds: _Induction Motor Drives, Self-Tuning
Controller, Speed Control, Fuzzy logic controller
(FLC),./, Proportional

MATLAB/SIMULINK.

integral (Pl) controller,

. INTRODUCTION

Since the time of industrial revolution Electrical
machines are the integral part of manufacturing
industries and their advancement is responsible for
development held in the field in subsequent years.
Electrical machines comprise of different type of
motors ranging from induction to reluctance motor,
used based on requirement. But out of all this motors
AC and DC motors are the one which are most
popular. Traditionally both these motors are
controlled manually, in case of DC motor Resistance
control (field current) is applied and in case if AC
motors Variac control is used. This controlling is
extinct due to the development of power electronic
devices which made the controlling smoother and
more efficient while reducing loses and is considered

to be more stable. With these devices three
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conventional techniques became very popular named

as proportional (P), proportional integral (PI),
proportional integral derivative (PID). although such
controllers have a major drawback that they possess
slow response to load variation thus making system

less sensitive.

One alternative solution for this problem can be
Artificial intelligence which comprises of artificial
ANFIS,

Evolutionary algorithm etc. All this algorithm has a

neural network, Genetic Algorithm,
property to extract meaning from data and provide
expert decision over any situation where output is to
be optimized based upon varying

in the field of soft

input. This
technique is widely used
computing in last couple of decades. In recent times
its use in social networking, stock market analysis,
Face Recognition, Sentiment analysis are few to talk
about. It bought a revolution in this field because it
has the ability to handle any amount of data with
acute preciseness. The method also finds prime
application in solving some of the problems of
electrical engineering domain. These probléms
include Load demand forecasting, Solar-ing\power
estimation, Fault diagnosis etc. are the few toyname.
This technique is marginally used in theyfield of
power electronics and Induction motor drives; hence
an attempt is made in this work to utilize this
technique successfully in speed control application
and compare its efficiency with conventional to prove

its superiority.

1. LITERATURE REVIEW

In the following section a brief discussion of work
done in the field of speed control of induction motor
using various techniques is discussed.

Zhen Guoa,b et. al. [2] in 2017 discussed that that
medium voltage induction moto drives are mostly
based on either VVSI or CSI. In last few years CSI has

been more popular amount the two due its basic

topology, super-efficient SC protection and power
reversal ability. With separate control of motor flux
and motor torque with the help of direct and
quadrature component CSI’s performance has been
further improved making it more popular but it faced
a drawback of poor dynamic response. Hence the
author has felt the requirement of more efficient CSI
based method for IM. For that author has utilized two
PI controllers and a rotor flux observer. The utilized
MATLAB Simulink

software and both dynamic and transient response are

method is simulated over
obtained after simulation which resulted in more
stable performance has been produced.

Shoeb Hussain, Mohammad Abid Bazaz [4] in 2016
developed a neural network model based on observer
method for the controlling of 3phase IM. Further
based on this model author has developed a fuzzy
logic-based, model for speed controlling. The
complete work is done on MATLAB platform. This
work /has ‘discussed and proved that such models
fequire less mathematical modelling and less prior
knowledge of system also. On simulating IM drives
the output functions are observed based on varying
load and speed. Which concluded that the proposed
method will have more accurate and easy controlling.
Abolfazl Halvaei Niasar and Hossein Rahimi Khoei
[5] in 2015 proposed an IM drive based on a
technique which utilizes the DPC. Author has
discussed that how an old model can be replaced by a
new neural network-based model which control the
drives speed with the help of backpropagation
training and learning. The drive thus developed is not
only prove to be cheap and less bulky but also found
out to be better performing. Such model is used to
estimate both speed and position of IMs rotor.

Tiago Henrique dos Santosa et. al. [6] in 2014
explained how important IM drives are for the sack of
industrial operation. In sector where variable load
prevails is supplied with similar torque using IM

drives. In many of this drives controlling is done
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using direct measurement. According to author in
order to reduce the robustness and cost incorporated
due to such techniques a new alternate way to
optimize same can be achieved using VSI and space
vector modulation. Along with author has also
propose ANN by validating performance under motor
load torque and speed ref. point variation.

Taifour Ali et. al. [7] in 2014 depicted that how non-
linearity of any IM drive can be traced and its
performance can be improved using different
controller techniques. In this work author has shown
a comparative result between Pl and ANN controlled
for 3 Phase IM. The models are prepared in
MATLAB/SIMULINK software. The result clearly
states the superiority of ANN trained model over
conventional controller due to its exceptional learning
capacity hence did trace the reference speed with
great accuracy for better and faster than that of
conventional one.

Moinak Pyne et al. [8] in 2014 discussed the
importance of studying 3 phase induction motor
drives performance characteristics due to its extensive
use in almost all sectors around the globe.elhe
demand requires a good controlling whichis, difficult
to do using conventional controllers due’te,non:linear
property of speed torque characteristics. This problem
is solved by author using artificial neural network and
came to the conclusion after proper training and
testing and validation that this model with provide
better speed controlling of IM drive with the change
in input voltage.

Aakanksha Tripathi, Naveen Asati [9] in 2013
explained how certain parameter like varying load,
varying input parameters and unmodelled dynamics
are common in all sector. Such characteristics still
demands a wide range of rotor speed variation scale
along with quick torque response for IM drive. Hence
a demand for a controlling technique to have the
ability satisfy both the demands is always there. In

post couple of decades, a reduction in price of power

electronics devices has made IM drives far better
option than DC motor drives. These drives comprise
of PWM inverters which provide wide frequency
control with varying voltage control. In this work
author has utilized sliding mode control techniques

on IM drives and its results has been presented.

I1l. METHODS OF SPEED CONTROL OF IM
DRIVE

The speed of rotor (N,) of IM is expressed in the
form of synchronous speed (V_) and slip as

N, =N,(1-5)

Also N_ = 2
120f(1—5)
e

From the above equation it’s been pretty clear that in
order, to¢control the speed of IM one need to vary
one.or morerparameters out of the following

o 'Number of poles

e Frequency of supply

o Slip

Following are different methods of controlling speed
of a 3 ¢ induction motor by modifying one or more of
above parameters. The classification of different
method is done on the basis of stator and rotor side

control. The methods are explained in detail in

SPEED CONTROLof 3 ¢ IM
STATOR SIDE CONTROL

subsequent section.

ROTOR SIDE CONTROL

: L

l

Fig Methods of Speed Control of 3¢ IM

SUPPLY VOLTAGE ROTOR CASCADE =
Vff CONTROL SPEED CONTROL mm‘m RESISTANCE CONTROL m:.!:‘l”:ﬂD
METHOD CONTROL METHOD
Unr’nbleimluemv'ml \l‘:riahleﬂewmvtsl‘ [ l
MULTIPLE CASCADEPOLE | | POLE AMPLITUDE
WINDING METHOD MODULATION
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IV.METHODOLOGY:

Fuzzy sets have replaced the probability theory to
represent the uncertainties of real-world problem. The
problem with probability theory comes with fact that
they can handle only one uncertainty, which is
replaced fuzzy sets introduced by prof. L.A. Zadeh in
the in the year 1965. For example: let take height of a
person.
In case of crisp set only two cases arise:

Tall

Hei Jtz{
ergh Short

Now if some one’s height is tall then membership
value is 1 else value will be 0. Whereas same
problem when represented in fuzzy logic. The height
of person can have many different categories with
different peoples have different choices over it for the
same height of person. For example, in east India the
average height is usually 5°6”. Hence for them a
person with height 5°10” is tall whereas same person
for people of Punjab or Haryana where average
height is 5’10 is of average height. Hence same
height individual

of any can be categorized

differently by different person.
— Very Short (1.0)

— Short (0.8)
Height— Average (0.4)

~  Tall(0.3)

— Very Tall (0.0)

Fig Case representation in fuzzy logic with
membership value

Here in above figure membership function value

denotes the degree of belonginess.

Representation of Fuzzy Set:

A= {X, Ba(x), x € X}
W denotes membership value (valued between 0.0 to

1.0)

Probability is the frequency of likelihood that an
element is in a class. Membership is similarity of an
element to a class. In the further section we will
understand the difference between two, with the help
of an example.

Suppose we need to buy red apples. Now the first
thing that will be our concern is the availability of
apples in the market. This problem will be handled by
probability. Whereas the apple we bought will be red
or not have some uncertainties in it which can be
solved using fuzzy with the help of membership
function.

In this block diagram of Mamdani approach of fuzzy
logic controller, fuzzification module represent the
process of determining membership function value of
any input command. After this module the result are
supplied to fuzzy interface engine where this result is
compared with fuzzy rule base and all fired rules are

taken into account for further calculation of outputs.

perFuzzIFicaTioN | ACTION

MODULE

FUZZY RULE FUZZY INTERFACE
BASE ENGINE

PROCESS TO BE
CONTROLLED

FUZZIFICATION
MODULE

CONDITION

Fig. Block Diagram of Mamdani approach of
FLC

These outputs are fuzzified outputs. Now to obtain
crisp output we will use defuzzification module.
Hence an appropriate action in the form of this output
is obtained. To calculate the fuzzified output
corresponding to all fired rules, “OR” operator (or
max function) is used.

The below figure represents the steps involved in
controlling speed of any IM using fuzzy logic
controller. The work starts with the defining of inputs

and outputs for given problem. Now each of this
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inputs and outputs must be represented in the form of
respective membership function with different range
and different width of different categories, making
each membership function unique for the particular

input parameter.

After defining membership function the next step is
to develop rule base using knowledge base by expert
opinion. These rules are defined based on if then
conditional statement. Once these rules are formed a
simulation is done based on input and output data.
Based on this data error is calculated on forecasted
and actual value of output parameter. After evaluation
of error a comparison is done with the required
optimum error value. If target is reached then no
further training is required and process will end,
otherwise a further tuning of the process is done to

improve result and same steps are followed again.

START

DEFINE INPUT
OUTPUT

v

ESTABLISH MEMBERSHIP
FUNCTION WITH RANGE

<+ TUNING PROCESS

A A rFy

CONSIRUCT IF THENRULE BELOCK

A A

CONDUCT SIMUATION

h A

FIND ERROR AND ANALY SIS

NO
ISMAFPE

OPTIMAL?

Fig. Flow chart for fuzzy logic model.

V. SIMULINK MODELS AND RESULTS

In present work a comparative study of results of
speed controlling of IM using PI controller and fuzzy
logic controller is done. We have understood the
basic terminologies related to last chapter 4. In this
chapter we will discuss PI controller in very brief
since they are commonly understood to all. Also, they
will be followed by simulation models of both
technologies along with their results and finally
comparison of two is done.
. VIf Control and Pi
Speed Control Model and Results

Controller-Based

In present work in order to trace the reference speed
curve the first technique utilizes is closed loop
controller comprises of V/f control method along
with PI controller. This two combinedly will help in

checking the speed of rotor.

Weer K+ K8 INVERTER

Wr

SPEED SENSOR

Fig V/f & P1 controller block diagram

The V/f control is used here to generate the i/p signal
for inverter is feed by PI controller after calculating
error signal and limiting slip value. The signal will
guide inverter to generate respective supply so as to
keep motor speed constant as required with the
load. The work is
MATLAB/SIMULINK software. The signal is feed
to VSI which is further connected to IM to supply 3¢

variation in done on

power. On simulating the above model following

results are obtained.
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Fig. Speed vs. Time plot using Fuzzy controller

VIl.  CONCLUSION

So far in this work a thorough study of various
characteristics and fundamentals of a IM drive. Also,
in this work a detail analysis of requirement of speed
control and various method to do so have been
studied. In this work a comparative analysis of a
conventional (PI) controller and fuzzy controller has
been done for the effective controlling of speed of IM
drive.

On comparing the results of two techniques, FLC has
clearly surpassed the efficiency by which controller
follow the required pattern of speed req. to operate a
variable load. This advancement in behavior by FLC
came due to its simple design and less complex

mathematical.
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