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ABSTRACT

Machines have comforted human beings in every walk of life
such as scientifically, economically as well as socially.
Machines consists of immotile as well certain rotating parts
which combine to reduce human efforts into well-founded and
pertinent work for example pulleys, blenders,, compressors
etc. For every advanced technology of machines its different
parameters are needed to be controlled for a competent,
productive and faultless system. This paper aims on careful
investigation of two advanced type of approaches for
controlling speed of universal motor. These two approaches
namely Fuzzy technique and ANFIS technique are employed
as powerful mechanisms for varying speed based on output
graph of step response versus time. A comparative evaluation
is then done on the basis of two most important parameters of
machines named as percentage overshoot and settling time.
Comparative analysis aids in determining the best
methodology to be applied in everyday applications for
producing unerring, authenticated and unimpeachable
systems.
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1. INTRODUCTION

A universal motor is more related to DC drive than to AC
drive. A universal motor is defined as a series wound drive
that functions by either AC or DC power. Output response can
be maximized and losses can be minimized by laminating
stator windings and field poles. Its construction can be
considered similar to DC permanent magnet motor however
its stator is not a permanent magnet but an electromagnet.
Everyday applications of universal motors include hair dryers,
washing machines, sanders, vacuum cleaners etc. The speed
of universal motor usually depends upon its load. For heavy
load, it runs at low speed and for light load, its speed is much
higher. Practically speed of universal motor can be controlled
in various ways such as by variable resistance method, by
changing field strength etc. In this research work, two
different approaches are used to control the speed of universal
motor and then a comparative evaluation of both methods
have been done to select the best approach to be build
flawless, irreproachable, valuable and impeccable system.

2. BACKGROUND

Machines have been serving humanity for thousands of years
starting from simpler lever, wedge, and wheel and axle to
complex and sophisticated appliances such as refrigerators, air
conditions, microwave ovens etc. Machines have been
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classified on the basis of their applications into different
branches such as computing machines, electronics machines,
molecular machines etc. Due to industrial revolution,
mechanization and automation have minimized human labour
and efforts into ease and quiescent work. Marvellous
contributions of Michael Faraday in science have classified
machines into generators and motors. Several researches have
been done for advancement in the credibility, inerrancy and
adaptability of machines. [1, 2, 3] does not focus on that why
should DC motors be preferred over AC drives. Similarly, [4,
5, 6, 7, 8] have not discussed that why should induction
motors be opted rather than DC motors. The significance of
AC and DC motor can be determined due to their widespread
applications. On one hand if higher-voltage AC motors
batteries run faster than on the other hand DC motors are cost
effective and more reliable. Therefore it is better to consider
Universal motor than studying AC and DC motor alone as
universal motor can be steered by either AC or DC depending
on the type of application and required output.

Comparative analysis of different techniques can provide us
with different parameters on the basis of which we can
conclude that which mechanism is best to be implemented and
executed for any particular application and desirable output.
No such comparative study on different approaches and
methods has been considered in [9, 10].

Rising time and percentage overshoot are one of the most
important parameters which should be considered while
controlling speed of any type of motor. We always design a
system for a low rising time and minimum percentage
overshoot. Lessing rising time and percentage overshoot will
produce a proficient and cogent system. No calculations have
been made in [11, 12] regarding rising time which is the most
important factor to be considered.

3. METHODOLOGY

This research work aims at controlling the most important
parameter of universal motor by incorporating a control
system into universal motor to improve its response and
varying its speed according to the requirement of the user.
This will help in building impeccable systems to be used in
every walk of life.

Control systems are of many types such as proportional
controller, linear control systems, proportional-integral-
derivative controller, Fuzzy Controller, Neural Controller,
ANFIS technique etc. Such controllers can be made and
implemented into different types of equipment according to
the need and demand of the required application. Here, we
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have focused on two most important controllers categorized
as:

e  Fuzzy Controller
e ANFIS Controller

4. SIMULATION OF FUZZY
CONTROLLER ON MATLAB

Author Fuzzy Logic controller is use to implement the best
ideas of human nature into a control system. Its output creates
a relationship between input and output of the system on the
basis of well-defined rules such as IF-ELSE rule. The whole
process of fuzzy controller involves three main steps:

e  Fuzzification

e  Determining overlapping rules

e  Defuzzification
These steps are shown in Fig. 1. Process of fuzzification
involves initialization of implementing fuzzy logic controller
by selecting the ‘Mamdani’ or ‘Sugeno’ principle. Here we
have selected Mamdani principle, which takes the speed and
angle of input variables and determine the intersecting point
of every input [13]. Hence then membership functions are
selected and overlapping is defined between different input
variables. Then certain rules are determined on the type of
membership functions used as shown in TABLE I.

( start MATLAB by using
command ‘fuzzy’

Initialize with FIS system
named as ‘Sugeno’
Add Required number of inputs to give
desired output for membership function

Process of Fuzzification
(Selection of membership
function and required type of
overlapping)

Desired number of membership
function selected

Process of Defuzzification
(Rules as per input defined)

A 3D surface Viewer is the required
output

I 2
,/End Process by saving
Fuzzy Controller

Fig. 1: Flow Chart of Simulation of Fuzzy Controller

TABLE I Rules for Universal Motor
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A ‘rule viewer’ is plotted based on the already defined rules
as shown in Fig. 2.
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Fig. 2: Rule Viewers for Universal Motor

Defuzzification process will end the simulation of fuzzy
controller by concluding its result on the basis of rules defined
as per input. Our final result will be in the form of 3D surface
viewer as shown in Fig. 3.

Fig. 3: Surface Viewer for Universal Motor
Simulation has been done by inserting this fuzzy technique in

control system and gains of appropriate values are used as
shown in in Fig. 4.
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Fig. 4: Fuzzy Model for Universal Motor

The output response of the system is shown in Fig. 5, which
has a certain value of overshoot and rise time.

Fuzzy Lugic Step Respanse of Universal Mator
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Fig. 5: Response for Universal Motor

5. SIMULATION OF ANFIS

CONTROLLER ON MATLAB
ANFIS stands for “Adaptive Network Based Fuzzy
Interference System”. It is an interfusion of neural network
and fuzzy technique. As it is a combination of two different
techniques, so it has the advantage of both controllers within a
single architecture. The whole process of using ANFIS
controller is shown in Fig. 6.

International Journal of Computer Applications (0975 — 8887)
Volume 99— No.7, August 2014

Start MATLAB by using
command ‘anfisedit’

DAT file of required
machine will be loaded

v

Add Required number of inputs to give
desired output for membership function

Selection of MF
type

Structure of ANFIS model will be
made visible

v

Initiate process of iteration until and
unless minimum error is reached

Initiate Testing
Load ANFIS simulation
with Fuzzy Controller
End Process by saving
ANFIS Controller

Fig. 6: Flow Chart of Simulation of ANFIS Controller

ANFIS controller can be interpreted in the MATLAB by
initializing with the command ‘anfisedit’. For ANFIS
controller, specific data has to be loaded for any particular
interpretation which will give a plot of ‘Training Data’ as
shown in Fig. 7.
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Fig. 7: Training Data of ANFIS controller

A specific data is loaded for ANFIS controller as shown in
TABLE II. This data is stored in ‘.dat’ file.
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TABLE 11 Specific Data for ANFIS Controller

INPUT1 INPUT2  OUTPUT
. -3 -3 0.42
5 -3 -1.5 0.437
2 -3 -1 0.46
5 -3 2 0.5
g -3 35 0.467
= -3 4 0.46
-3 5 0.46
-2 -5 0.42
-2 -3 0.46
-2 -1 0.5
-2 2 0.46
-2 5 0.42
-1 1 0.5
-1 5 0.42
1 4 0.34
2 1 0.42
3 4 0.38

The outcome of ANFIS approach is shown in Fig. 8, from
which it can be seen that specific set of rules is formed by
different combinations of input variables and output.
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Fig. 8: Output Structure of ANFIS technique

Simulation has been done by inserting this ANFIS technique
in control system and gains of appropriate values are used as
shown in in Fig. 9.
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Fig. 9: ANFIS Model for Universal Motor
The output response of the system is shown in Fig 10, which
has a certain value of overshoot and rise time.
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Fig 10: Response for Universal Motor

The comparison analysis between Fuzzy and ANFIS approach
is shown in TABLE IlI.

Table 111 Comparative Analysis between Fuzzy and
ANFIS Controller

Parameter Fuzzy ANFIS
Percentage 29.6 % 28.3%
Overshoot
Rising Time 0.841 sec 1.148 sec

6. CONCLUSION

This research work includes a comparative analysis of
controlling speed of universal motor using two different types
of approaches. This research is done basically to investigate
the best approach to be incorporated in required applications.
This will definitely lead to an initial step towards study of
driving newer technologies. This research work has first
interpreted fuzzy and ANFIS approach separately for
controlling speed of universal motor. After that a comparison
is made between the two approaches on the basis of overshoot
and rising time of their output signals to analyse which
approach can be devised in industry for any required
application because percentage overshoot and rising time are
two basic parameters to be considered when controlling the
speed of the machine. Designing of most of the systems
require reduction of percentage overshoot and rising time as
much as we can to produce minimum distortion of the output
signal. In this research work, ANFIS controller has produced
a percentage overshoot of 28.3% which is about 1.3% less
than that of percentage overshoot of Fuzzy controller which is
29.6%. Hence we can conclude that ANFIS controller is a
better approach to be employed in required applications than
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Fuzzy controller when considering percentage overshoot of
both techniques. However, ANFIS gives a rising time of
0.307sec than that of Fuzzy controller which is the drawback
of using ANFIS controller but due to its less percentage
overshoot, it should be considered a much better approach
than Fuzzy controller. Further research work can be done for
minimizing rising time of ANFIS controller and producing
effectual and unimpeachable systems.
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