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Although several researchers have studied the use of educational software in electrical machine courses, the lack of
educational software to design wire winding of electrical machines is felt. It has been continually the concern to create an
educational software package to help both the students and lecturers to design wire winding diagrams easily because the
process of design by hand is difficult. This paper introduces an interactive software package created by the authors, named
WWEM (Wire Winding of Electrical Machines), to assist students to grasp various wire winding models and their design
principles. In addition, it tries to facilitate the process of designing diagrams in order to improve students’ learning and at
the same time lecturers’ teaching. WWEM consists of various wire winding models of electrical machines, Particle Swarm
Optimization (PSO)—a swarm intelligence technique—and MATLAB programming. WWEM gives optimal design of
wire winding using PSO. The present study was performed on undergraduate students attending the course ‘wire winding
of electrical machines’. A statistical hypothesis test on student marks in the final exam showed that the majority of the
students who had employed WWEM got the highest marks; they had became more competent in the area of wire winding.
Based on this, the authors suggest that the use of WWEM will help lecturers to identify the students’ level of understanding
so that they can explain better the concepts of wire winding. WWEM is capable of being included in MATLAB Power
System Toolbox (SimPowerSystems) as one the characteristics of electrical machines and used on the Web, as well.
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1. Introduction

Wire winding courses at the undergraduate level
typically consist of classroom and laboratory sec-
tions. The classroom section generally covers the
basic concepts of designing wire winding. In the
laboratory section students must manually design a
diagram of a wire winding model on paper, and then
implement that model to meet specifications agreed
upon with the lecturer.

Department of Electrical Engineering, Behbahan
Branch, Islamic Azad University offers wire wind-
ing of electrical machines course at sophomore level
that concentrates on the designing wire winding of
electrical machines. The objective of the course is to
provide students with an understanding of wire
winding models and their design principles.

The course had been offered 14 semesters pre-
viously and had followed quite a traditional format
for a university engineering course: one hour of
lecturing and three hours of laboratory per week,
plus a final exam at the end of a 17-week semes-
ter.This four hour course, required for those who
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are in the power track, must be taken in the same
semester.

The students’ motivation to put effort into their
learning had appeared low and the lecturer felt that
the learning results had been poor. The students did
not learn well from the lecture format, and their
problem-solving skills did not develop sufficiently
to allow them to solve the related exercises and
problems.

The lecturer felt that the current teaching meth-
ods were inadequate and that it was time to reshape
the teaching methods.At this stage, a cooperation
with the lecturer was initiated. The problem was
that students generally had difficulty when they
came to the laboratory to carry out wire winding
experiments even though the corresponding theory
was extensively covered in the classroom with a
detailed description of the procedure of the experi-
ments.

The students were not familiar with experiments
that contain relatively complex designing methods
and diagrams as compared with other diagrams
they had prepared. Also, the process to design
diagrams was hard to perform by hand. However,
the time constraints during the laboratory exercise
were also a problem. Because of these limitations,
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Function PSO Algonthm
Begin
For each Particle
1. Tmitialize
2. Compute Fitness Value
3. B,, = Fitness Value
End For
Do
4. Choose the Particle with the Best Fitness Value
in the Population
Call it Zpes

For each Particle

If the Fitness Value is better than 7,,,, Then
5. B,, = Fitness Value

End If
6. Perform the Flight
7. Add Turbulence
8. Update Fitness Value
End For
‘While Stopping Condition not Satisfied
End.

Fig. 1. Pseudo-code for Particle Swarm Optimization (PSO).

students often rushed through an experiment in
order to finish on time, which prevented them
from getting a true feeling for wire winding models
and from appreciating diagrams that they had
designed during the laboratory practice.

In order to help students to design diagrams
easily, to eliminate errors in manual designing, to
save time and to give them insight into the experi-
mental procedure, the authors created WWEM,
which they anticipated could be used for the next
course. The authors made observations during the
research and gave feedback to the lecturer on a
regular basis and surveyed the students’ opinions.

In this paper, the authors describe their software,
as well as its impact on students’ learning of wire
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Fig. 2. Main window of WWEM showing selection of wire
winding model.

winding at the Department of Electrical Engineer-
ing, Behbahan Branch, Islamic Azad University,
Behbahan, Iran.

2. Particle swarm optimization (PSO)

PSO is a minimizing global algorithm which has
been inspired by the swarm behaviour of birds while
searching for food. In this algorithm, each solution,
which is called a particle, is the equivalent of one
bird in the swarm movement of birds.

Each particle has a fitness value, which is calcu-
lated by a function called fitness function. The more
the particle in the search is closer to the target (food
in the movement model of birds), the better fitness it
has. Also, each particle has a velocity which under-
takes the navigation of the particle movement.

PSOis based on the principle that in each moment
of search, the location of each particle in the search
area, with due attention to the best location which
has so far been located in it (personal best (ppes))
and the best location which exists in its whole
neighbourhood and in fact the best p,., in swarm
(global best (gpe,,) ) is regulated. The location of each
particle is updated with the use of Eq. (1) and Eq. (2)
and by considering the values of pp., and gpe [1, 2]:

VI1=w* [+ cdd* rand() * ( ppes| 1-present[]) (1)
2% rang() * (gpesd 1 — present[]).
present [ | = present [ ]+ V[ ]. 2)

v[]is the velocity of the particle and present| ] is the
present location (position/location is a particle’s n-
dimensional coordinates which represents a solu-
tion to the problem.) of the particle, both of which
are in the arrays as long as the number of the
problem dimensions.rand( ) is a generated uni-
formly distributed random number in the range [0,
1] generated according to a uniform probability
distribution. Variables ¢/ and ¢2 are two positive
constants, called cognitive learning rate and social
learning rate, respectively. W is the inertia weight
factor, a control parameter which controls the effect
of velocity of present particles on their next velocity.
The location of other swarm’s particles affects the
search method of a particle. By updating the loca-
tion of particles and with due attention to their
fitness, PSO guides the swarm toward an optimal
response. Fig. 1 shows a pseudo-code for particle
swarm optimization.

3. WWEM

WWEM tries to lead users to increase their wire
winding skills. For this, many functions have been
described which increase the productivity of the
users. This is why by using these functions they
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Fig. 3. Data input on the data entry form.

have are able to design some of the diagrams which
were impossible previously for them to design by
hand.

The software makes use of fourteen models
(Fig. 2) for optimal designing.They are as follows:

(1) Three models for DC machines (e.g. lap wind-
ing);

(2) Six models for single-phase machines (e.g. one-
layer model);

(3) Fivemodels for three-phase machines (e.g. two-
speed model).

Also, there are two ways to show the wire winding
diagrams:

(1) Flat diagram;
(2) Saw-tooth diagram.

The values of wire winding properties in diagrams
have been connected to the variants in the work
environment by the dialogue box (data entry
forms). Therefore, the users are able to update the
values of properties which exist in each diagram.
They must fill completely the dialogue boxes with
values so that WWEM creates an optimal design of
wire winding by means of these data and PSO (Fig.
3). For example, in AC section, these data generally
include the following:

(1) The number of stator slots;

(2) The number of phases;

(3) Frequency of network;

(4) Rotation of rotor. This is important because by
using that one is able to specify the number of a
wire winding’s poles [3, 4].

WWEM was programmed using MATLAB 7.0.
3.1 WWEM architecture

Software architecture is the structure of the compo-

nents of a program, their relationships to each other
and to the environment and the principles guiding
its design and evolution [5, 6].

The architecture pattern of WWEM is hetero-
geneous and its management system has been
designed as MATLAB-based.

The quality model of the software architecture
includes:

(1) High Performance: the new software is the
interactive tool whose basic data element is an
array that does not require dimensioning. This
allows users (lecturers or students) to solve
many technical problems in a small fraction of
the time.

(2) Security: this issue depends upon MATLAB
and the way the software is locked. The way the
software is supposed to be locked is on the basis
of the application.

(3) Availability: WWEM is easy to use by students
at any educational level.

(4) Reliability: high reliability in proportion to the
tasks.

(5) Portability: the volume of the created software
islow. Also, it is executed in all computers in the
same way, following MATLAB.

(6) Extensibility: this software is the extensible
tool. Also, it has the capability to be implemen-
ted by means of other evolutionary algorithms
(e.g. Ant Colony Optimization (ACO)).

(7) Ease of Learning: users do not need to know
MATLAB environment, they only fill the data
entry forms with parameters and after sending
it for processing, they receive back the expected
response.

3.2 PSO for optimal designing of wire winding

Depending on the type of wire winding, each
particle (P =z, k;, q;, 73, f3» 1, X;) can follow features
which generally include:

(1) z;: The number of slots;

(2) k; : The number of bars (commutator seg-
ments);

(3) ¢;: The number of poles;

(4) r;: The number of phases;

(5) f:: Frequency of network;

(6) n;: Rotation of rotor;

(7) x;:Plex of wire windings (e.g., simplex, duplex).

In this work, these features are allowed to change in
the WWEM parameters fields. Shafipour [7] sup-
posing that these features are constant. The
obtained diagrams were not necessarily optimal
diagrams.

The particles are released in WWEM. The move-
ments of particles in the software are influenced by
their and their neighbour’s features which are
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received under the preliminary conditions by the
users.

The fitness functions of the WWEM consider as
better solutions the smaller trajectory achieved
through the presented environment, taking into
account that the trajectory must not collide with
any obstacles. According to the type of wire winding
that the users choose, different fitness functions are
created; as an example, one of these functions is as

(3):
(zi Mod 12) OR (k; Mod 12)=0.  (3)

Equation (3) shows that each of the components
should become zero. Since the residual of z; and k;
divided by 12, becomes from 0 to 11, we should
reach the minimum rest; i.e. zero. Therefore, we
need to minimize the fitness function which consists
of two components; as a result, the optimization
problem is a multiobjective kind. In this study, the
constraints are as follows:

The number of slots

The number of commutator segments

The number of poles

The number of phases 4
Frequency of network

Rotation of rotor

Plex of wire windings

It should be noted that depending on the type of
wire winding, lower bounds and upper bounds are
different for each constraint.

A particle that meets the conditions of Equation
(3) will be the most suitable particle. The result of
modelling swarm behaviour in this software is a
search process in which the particles learn from each
other and, on the basis of the gained knowledge, go
towards optimal design of wire winding. One of the
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Fig. 5. Flat diagram, optimal design, simplex wave winding,
wound progressively (12 Slots, 12 Bars, 4 Poles).

salient advantages of optimal designing is to econ-
omize on the raw materials (e.g. copper wire).

4. Educational objectives

The main purpose of WWEM in DC machines is to
study the condition of connection armature coils
together and to bars; see, for example, Fig. 4 to Fig.
6; And in AC machines (single phase and three
phases) studies are focused on the condition of
connection coils and the position of coils in stator
slots; see, for example, Fig. 7 to Fig. 10; And finally
investigation on the effect that these methods have
on the force of the generator, the torque of motors
and so on.

Once the windings are installed in the rotor slots,
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Fig. 6. Saw-Tooth diagram, optimal design, duplex wave wind-
ing, wound progressively (24 slots, 24 bars, 4 poles).



New Educational Software Package Based on MATLAB

223

Type of Windind
3phase form2
N
f|f Type of Diagram

!
”‘ Saw tooth

] Type of Connection
£18|Star Series -

Calculation

52 62 72 82 92

A

I

e
Iy

Y
I i
ey
[ S—

|

To design flat diagram of this machines we should consider th
electerical and mechanical parameters such as the number of
The slots should be designed beside together and parallel to
Should be consider that the first and the last slot in this state ¢ ¥

Fig. 7. Flat diagram, optimal design, three-phase machine (108
slots, rpm: 500, frequency: 50).

Type of Windind
3phase forms ~
Type of Diagram

Flat |
Saw tooth

Type of Connection
Star Series

Calculation

way of winding and sefting on the group of coiles.
To draw wide diagram of this machines we should consider tt

characterizations such as the number of the stator slots(Z),nu
number of slot related to each phase below each pole and ia’j “

Fig. 8. Flat diagram, optimal design, three-phase machine, two-
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they must be connected to the commutator seg-
ments. There are a number of ways in which these
connections can be made; the different winding
arrangements have different advantages and disad-
vantages when compared to each other. If the end of
a coil or a set number of coils (e.g. for wave
construction) is connected to a commutator seg-
ment ahead of the one its beginning is connected to,
the winding is called a progressive winding. If the
end of coil is connected to a commutator segment
behind the one its beginning is connected to, the
winding is called retrogressive winding [3, 4].
Armature windings are further classified accord-
ing to the plex of their windings. A simplex rotor
winding is a single, complete, closed winding wound
on a rotor. A duplex rotor winding is a rotor with
two complete and independent sets of rotor wind-
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Fig. 9. Flat diagram, optimal design, single-phase machine, one-
layer model (36 slots, 4 poles).
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Fig. 10. Flat diagram, optimal design, universal machine (12 slots,
36 bars, 4 poles).

ing. If a rotor has a duplex winding, then each of the
windings will be associated with every other com-
mutator segment (e.g. one winding will be con-
nected to segments 1, 3, 5 and the other winding
will be connected to segments 2, 4, 6).

Finally, armature windings are classified accord-
ing to the sequence of their connections to the
commutator segments. There are two basic
sequences of armature winding connections; lap
windings and wave windings. In addition, there is
a third type of winding, called a frog-leg, which
combines lap and wave windings on a rotor [3, 4].

These ways of wire winding are made according
to the needs of their users, and in fact are the basis
for examining their features and differences with
regard to their structural design (e.g. the number
and place of brushes on commutator segments) and
electrical design (e.g. the number of parallel current
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paths in the rotor, the voltage of output current
from the rotor).

Two important features of the optimal designs of
DC models are:

(1) When getting the current from collector, no
harmful spark is made;

(2) It generates the maximum torque, current and
voltage with the least oscillation.

Also, WWEM designs the wire winding of AC
machines from the view point of all poles and as a
result from all phases in a symmetrical way. The
behaviour aims in AC section are:

(1) To giveaclear insight to the users for identifica-
tion of the necessary specifications for optimal
designing of different types of wire winding;

(2) To help understand various types of wire wind-
ing and the effect of the type of connection on
the properties of these wire windings.

Now, the questions are: what specifications does
this group of coils have? What material is the
conductor made of (e.g. copper or aluminum)?
What is the cross-section of the conductors of the
coil group? And finally, how many turns of con-
ductor a group of coils is made of? See, for example,
Fig. 11.

The answering mechanism of WWEM to these
questions is so that it meets the requirements of both
lecturers and students.

5. Assessment

A total of 60 students were selected based on their
marks in the final exam of a pre-requisite course for
wire winding class, i.e. electrical machines; they
needed to have a mark between 14 to 18 (out of
20). In other words, the selected subjects were at an
upper-intermediate level. Then the subjects were
randomly divided into two groups (each of 30
students); a control group and an experimental
group.

A typical wire winding course is divided into two
parts; one deals with the theory of designing wire
winding and the other one deals with the implemen-
tation of the designed diagrams.

The lecturer taught the control group students
based on the traditional method; i.e. manual design-
ing of wire winding; while students of the experi-
mental group were trained to design a wire winding
diagram with the help of WWEM. In the experi-
mental group the students were initially asked to
design a wire winding diagram manually and then to
design that diagram using WWEM; after which they
needed to check and correspond the manually-
designed diagram with that of WWEM to find the
errors and eliminate them.

For a final assessment, both groups had to sit an
exam which consisted of two parts (each with 10
points), a theoretical-based exam and a practical
one. In the first part, they were given the specifica-
tions of one model for wire winding to be designed
manually. In the second part, they were asked to
implement what they had designed manually. It
should be emphasized that in the final exam
WWEM was not used.

Student marks from the exam were transferred to
SPSS software version 17.0 for statistical analysis.
Then, a t-test was used for comparison. After an
analysis of the marks, the results obtained were

1745

Mean Mark

Experimental Group Control Group

Fig. 12. Comparison of mean marks of experimental group and
control group.
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highly satisfactory, but the experimental group was
better (mean marks of the experimental group were
17.45 out of 20 and the mean marks for control
group were 12.94 out of 20.). This is shown in Fig.
12.

Regarding the significant difference between cri-
tical value and observed value (P-value < 0.05), the
first hypothesis was accepted strongly (with 95%
confidence).

6. Discussion

Although several studies have examined the use of
educational software in electrical machine courses
[8-13], the lack of educational software to design
wire winding of electrical machines is strongly felt.
The purpose of this paper was to test the hypothesis
that WWEM can be effective in increasing student
success. WWEM was used on undergraduate stu-
dents. Those in the experimental group had positive
attitude towards WWEM. The effects of WWEM
and the traditional learning method on student
success in teaching the subject of wire winding
have been compared. Results obtained showed
significant difference in favour of WWEM. Finally,
the findings emerging from this study revealed that
the students’ experience with WWEM played a
significant scaffolding role in students’ learning
about wire winding. Further long-term research is
needed in order to determine if the software is really
helping the student master the design of wire wind-
ing and its theory.

7. Applications and benefits

The applications and benefits of using WWEM are
as follows:

(1) Having the capability for optimal designing of
wire winding, the educational software can be a
supplementary version for the calculating soft-
ware of other electrical machines (especially
MATLAB). Since most calculating software
has weaknesses regarding wire winding gra-
phics. It is recommended that in SimPowerSys-
tems there should be an additional option,
1.e. WWEM. It is shown in Fig. 13.

(2) This software can be a supplementary source
for the instruction of wire winding courses.
Hence, the following results can be concluded:
e Controlling the errors that students commit

while designing wire winding manually;

e Providing a more dynamic and active teach-
ing/learning environment for better and
more interactions between lecturers and stu-
dents;

e Enhancing the teaching of wire winding and
making this more attractive to the students;

B untitled *

B Block Parameters: DC Machine

4=

DC machine {mask) fink) -

This block implements a separately excited DC machine. Access is provided
to the field connections so that the machine can be used as a

24l = shunt-connected or a series-connected DC machine.

o F 004 —F- 2 Preset model [T
DC Machine Mechanical input: | Torque TL =1
v Show detailed parameters
Amature resistance and inductance [Ra (ohms) La (H) ] BE
[to5 001
wwem | Field resistance and inductance [RF (ohms) Lf (H) ]
[r240 1209
Field-amature mutual inductance Laf (H) :
[18 ~|
—
| ok | camed | Hp | A& | J

Ready J

Fig. 13. The use of WWEM in MATLAB (e.g. MATLAB |
Library browser | SimPowersystem | Electrical machines | Type
of machine | WWEM button | WWEM Environment).

e Enhancing the student’s competence and
knowledge, significantly.

WWEM can be a supplementary collection for
factories’ staff that aim at an initial introduction
of wire winding. It is capable of being used on the
web.

8. Limitations of the study

Limitations of WWEM, are as follows:

(1) The results might not be generalized to all
universities, since the survey included only one
course and the sample contained a limited
population of 60 students.

(2) In this study, only some types of wire winding
models that are widely used at undergraduate
level were targeted. There are some other types
that can be used and studied.

(3) Due to the screen size limit, the authors have
limited some parameters such as the number of
slots so as to give a clear picture of the diagrams.

9. Conclusions

The authors’ software, called WWEM, has been
presented here, with the main objective of making
the design of wire winding easier to teach and to
achieve better learning results. The authors have
given a view of work done at their university to
improve the teaching/learning quality and the mon-
itoring of students’ work in the course ‘wire winding
of electrical machines’. Results suggest that
WWEM can be used both by the teacher in his or
her lectures in order to make the subject topics more
interesting and attractive to students, and by stu-
dents in their attempts to grasp the subject matter
fully. WWEM tries to bridge the gap between theory
and practice, to satisfy both university lecturers and
students. As a final point, it is worth noting that
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WWEM was more effective than the traditional
learning method in increasing the success rate in
the teaching of wire winding. Furthermore, the
students in the experimental group had a positive
attitude towards WWEM. For future research, it is
recommended that this study can be replicated by
increasing the sample size, i.e. in more universities,
adding other types of wire winding models and
performing WWEM on the web.
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