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Abstract - This paper treats some aspects of the geometrical
design of salient synchronous generator, used in railway
traction. It focus on the transformation of given experimen-
tal data curves into polynomial based regression model
which could be use easier in a Computer Aided Design. The
final aim of this work is to summarize many detailed by
literature recommendations regarding the fabrication ex-
perience and to use these to design a Graphical User Inter-
face with which, the user perform a specific task in area of
designing a salient synchronous generator. For this paper,
the proposed task is to interpolate and to plot the depend-
ence between ideal covering factor of the polar step and the
real one, based on the curves offered by the literature. Using
this representation, the user/the designer could choose the
appropriate value of the ideal covering factor of the polar
step for its case study in a short time and, also, could send
this data to the main program. The added value of this work
is to create a tool which could be used easier, in different
situations. This tool is completely original and is a part of a
collection of graphical user interfaces created by the authors
to be used in a computer aided design of a salient pole syn-
chronous generator calculation.

Cuvinte cheie: Interfata grafica utilizator, factor de acoperire
ideala a pasului polar, factor de acoperire reala a pasului po-
lar, generator sincron cu poli aparenti .

Keywords: Graphical User Interface, ideal covering factor of
the polar step, real covering factor of the polar step, salient
synchronous generator.

I. INTRODUCTION

The design of a salient synchronous generator is a com-
plex process aimed to establish all the dimensions and
data required for the fabrication of the salient synchronous
generator. Short reviews of the steps of electromagneti-
cally calculus (Fig.1) underline the following notes: 1. For
the electromagnetic calculation of the synchronous gen-
erator, it is necessary to define the internal electromag-
netic power S;, obtained as the results of the energy con-
version. 2. This conversion is possible because of the in-
teraction between the two active means: total magnetic
flux between generator’s windings and total currents of
the windings. 3. The internal electromagnetic power is
directly proportional with total magnetic flux between
generator’s windings and total currents of the windings,
the proportionality factor being the speed of the generator
(n, [rpm]). 4. The distribution of magnetic flux density in
the air gap of the salient synchronous generator has a ma-
jor influence on harmonics of the induced voltage in the
stator winding. 5. The distribution of the magnetic flux
density along the air gap circumference and the magnetic

flux density depend by the shape of the stator and rotor
magnetic surfaces: decreases at the stator and rotor slots
opening and increases when the length of air gap de-

creases.
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Fig. 1 Logical diagram of synchronous generator calculus

Most of times, in practice, some of these data are
known from fabrication process, being necessary to de-
termine the others. This is the assumption of this paper: to



use given experimental data map (Fig.2), to create a tool
which could be used in the calculus of the other required
data.

Fig. 2 Given data map with ideal covering factor of the polar step
(source [1])

The tool created in this paper is a Graphical User Inter-
face in Matlab which convert the given experimental data
curves into a polynomial based regression model. Using
this interface the designer could use easier any curve from
that families shown in Fig.1 to obtain a value for the ideal
covering factor of the polar step. This interface could be
applied with efficiency in any optimal designing of a sali-
ent synchronous generator.

II. THEORETICAL BACKGROUND

Ideal or calculus dimensions of a salient synchronous
generator are the dimensions of an equivalent machine, in
terms of stresses and phenomena that occur in the real
machine, but in which, the magnetic field is uniform, so
that, it is possible to apply the known basic laws of elec-
tro technical science. For the equivalent machine, which
has the same useful magnetic flux in the pole, the ideal
dimensions are described in table I. Ideal dimensions of
the generator are different from the geometrical.

Features

Name

Definition Symbol Unit

Buam, as in the actual machine.

TABLE L.
IDEAL DIMENSIONS OF SALIENT SYNCHRONOUS GENERATOR
Features
Name — -
Definition Symbol Unit

. inner diameter of the stator
Diameter . D m
ferromagnetic core

arc length of circle with D,
diameter, related to a pole:

Polar step/Slot
step L 7D T m
2-p
axial length of the ferromag-
netic core when the magnetic
Ideal length induction in the air gap is con- I m
stant and equal with the ampli-
tude.

Ideal length of polar arc, when
the magnetic induction in the
air gap is constant and equal to b; m
the maximum value By, from
the pole axis.

Ideal length of
polar arc

Width of air gap in the equiva-

Equivalent air | lent machine having two 5 m
gap smooth frames and the same
maximum _inductance  value

Fig. 3 Air gap width variation across a pole shoe

The expressions geometrical dimensions are functions
of the ideal dimensions. In Fig.3, b, is real length of the
pole shoe.

Related to the real width of the pole shoe, b, and the
ideal length of the pole shoe, b;, could be defined the real
covering factor of polar step o, (1):

a,=—" (1)

a;=—+. )

For the salient synchronous generator, the distribution
of magnetic induction in the air gap is sinusoidal 3:

Bs =B, sin(%-x) 3)

This impose a width variation of the air gap describe
with 4:
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Because the ideal length of the pole shoe, b;, depends
on the real width of the pole shoe, b, and on the air gap
variation law, Jy, results the dependence between ideal
covering factor of polar step a; and the real covering fac-
tor of polar step a,, and the air gap variation law, .
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For the salient synchronous generator, o; is taken from
data map as those given in Fig. 2, and is a function de-
fined with 6. Normally, real covering factor of polar step
a, is varying in the limits of (7), but usually, the limits are

(8).
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a,=0.6+0.75 @)
a,=0.65+0.7. ®)

III. DESIGNING A GRAPHICAL USER INTERFACE IN MATLAB

Matlab is a used matrix based equation solving program
which has a built in Graphical User Interface Develop-
ment Environment (GUIDE), with which the designer can
layout a GUI graphically and generate automatically a
Matlab code. GUI is a hierarchical oriented programming
with graphical objects as children of parents. For exam-
ples, in [5], [6], [7], and [8] the ‘parents’ were a figure and
the ‘children’ were text boxes, edit text box and push but-
tons. To generate a GUI, the code could be introduced in
command mode or run as a program.

According with this theoretical background, the aim of
this paper is to create a GUI, used as a tool to extract the
value of the ideal covering factor of polar step, o;, for a
given situation. The specifics objectives of this tool are: to
plot the family of curves from Fig.2, to choose points
from these figures and to imagine a mode to transfer these
points in the main program of designing the synchronous
generator.

To plot the family of curves from Fig. 2 is important to
write an m file code (named F) which transforms the data
map in graphics. The dependency between data maps [1]
is described with 9 (table IT) and a model of graphic repre-
sentation is given in figure 4.

Sy | (1:1.13:1.25,1.37,1.5;
a,-=f(a,, r ) \1.63;1.75:2;2.5 ©)

(6/7)=(0.01;0.02;0.03)

TABLE II.
IDEAL DIMENSIONS OF SALIENT SYNCHRONOUS GENERATOR

Features 5, /7 =1
a, 0.5 ‘ 0.55 ‘ 0.6 ‘ 0.65 ‘ 0.7 ‘ 0.75 ‘ 0.8
S/t
a;l 0.01 0.568 0.612 0.658 0.7 0.748 0.789 0.845
0.02 0.565 0.607 0.653 0.695 0.745 | 0.784 0.84
0.03 0.56 0.6 0.648 0.69 0.74 0.779 0.835

The results of running Fl.mfile was shown in Fig.4.
With red line was plotted the curve a;=f(a,) when S/t =1
and &/7= 0.01, with blue o;=f(a,) when dy/t = 1, and 6/1=
0.02 and with green a;=f(a,,) when dy/t = 1 and 6/1= 0.03.

Running the F2.m file will be obtained the Fig. 5 where
with red line was plotted the curve a;=f(0,) when Sy/t =

1.13 and 6/= 0.01 and with blue a;=f(0;,) when dy/t = 1
and &/1= 0.03. Using F3.m file, as in figure 6, could be
obtain with red line the curve o;=f(a,) when dy/t = 1.25
and o6/t= 0.01, with blue a;=f(0,) when y/t = 1.25 and
8/t= 0.02 and with green o;=f(a,) when &/t = 1.25 and
d/1=0.03.
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Fig. 6 a;=f(a,) when dy/t = 1.25 and &/1= (0.01; 0.02; 0.03)



0.8
f(op) when dM/t

f(ap) when dM/t

0.6

0.5

Fig. 9 a;=f(a,) when dy/t = 1.63 and &/1= (0.01; 0.03)
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Running the F6.m file was obtained the Fig. 9 where:

with red line was plotted the curve ai
1.63 and 6/t= 0.01 and with blue ai

T
e T

075 — — —
06F ———

1.63 and d/t= 0.03. Using F7.m file, in figure 10, with red

f(0p) when S/t = 1.75 and
f(a,) when dy/t = 1.75 and 6/1=

line was plotted the curve o;
6/1= 0.01, with blue o;
0.02 and with green o;

0.03.
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Fig. 12 a;=f(0,) when dy/t = 2.5 and &/1= (0.01; 0.02; 0.03)

Running the F8.m file was obtained the Fig. 11 where:
with red line was plotted the curve o;=f(0,) when dy/t = 2
and &/t= 0.01 with blue o;=f(0;,) when dy/t = 2 and /1=
0.02 and with green a;=f(a,,) when dy/t = 2 and &/1=
0.03.Running the F9.m file was obtained the Fig.12
where: with red line was plotted the curve a;=f(a,) when
dm/t = 2.5 and &/1= 0.01, with blue a;=f(a,) when y/t =
2.5 and &/t= 0.02, and with green o=f(a,) when Sy/t =
2.5 and &/1= 0.03. Figure 13 shows the entire family of
curves used to establish the ideal covering factor of the
polar step.

Fig. 131deal covering factor of the polar step — families curves

Next objective is to obtain the points required by the
designing program of the synchronous generator. There
are many possibilities to get the required values from this
graph: could be used the ‘data cursor’ tools or could be
used the interpolation functions. In any case, to accom-
plish this target, must be created a script in Matlab which
could be called with uicontrol.

IV. SIMULATIONS AND RESULTS

The design of the graphical interface starts with a clear
definition of tasks: plot curves, interpolate points and
saved these points in a .txt file which could be used in the
main program of designing synchronous generator. In
Fig.13 is shown the design of the GUI.
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Fig. 14 GUI to plot the ideal covering factor of the polar step — families
curves

Nine push button F1, F2,..., F9 allow to users to plot
each family curves obtained above. By pushing button All
the user could obtain all the curves in figure zone: the in-
terface will became as in Fig.14.
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Fig. 15 Plotting all curves family o=f(a,)

The interface offers the possibility to choose the re-
quired points for the main program. By pushing (alfap,
alfai) push button the user can select the points by using
‘data cursor’ (Fig. 15). By pushing Save 1 push button
these points could be saved in a txt file (Fig. 16).
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Fig. 17 Saved value of selected points

V. CONCLUSIONS

The paper presents the details of implementation and
designing of a Graphical User Interface. This interface
could be used in area of designing a salient synchronous
generator.

With this interface, the user selects easier the ideal cov-
ering factor of the polar step and save it in a format which
could be used by others subroutines of a Computer Aided
Design of the synchronous generator.

The main advantage of this graphical interface is the
easier interaction between designer and software. This
interface is a part of an original research developed by the
authors to put together a CAD of a synchronous generator
used in diesel electric traction.

ACKNOWLEDGMENT

Source of research funding in this article: Research
program of the Electrical Engineering Department fi-
nanced by the University of Craiova.

Contribution of authors:
First author — 70%
First coauthor — 30%

Received on July 17, 2018
Editorial Approval on November 15, 2018

[10]

[11]

[12]

REFERENCES

1. Cioc, C. Nica, "Designing electrical machines," (translate from
Romanian), E.D.P. R.A, Bucuresti, 1994, ISBN: 973-30-2937-8.

A. Campeanu, - ,,Electrical Machines”, (translate from Romanian),
Ed. Scrisul Roméanesc, Craiova, 1988.

A. Campeanu, - ,, About the saturation effects in the alternative
current machine equations”, Revue Roum. Sci. Techn-Electrotech.
Et Energ., Vol. 38, no. 4, 2001

A.,Campeanu — “Introduction in the dynamics of the alternative
current electric machines” (translate from Romanian), Editura
Academiei Romane, Bucuresti 1998.

G.D. Petropol Serb, 1. Petropol Serb - “Numerical approach of the
‘partial magnetic characteristics’ method, used to find the voltage
regulation in the design algorithm of a synchronous generator”,
OPTIM 2012, 13" Conference on optimization of electrical and
electronic equipment, Brasov, pg. 745-750, IEEE Xplore digital
library, ISSN 1842-0133, Print ISBN: 978-1-4673-1650-7, 2012.

G.D. Petropol Serb, 1. Petropol Serb - ,,Graphical interface to plot
the phasor diagram of a railway synchronous generator”,
Buletinul AGIR, Ed. AGIR, ISSN 1224 — 7928, 2012, pg. 31-34.

G.D. Petropol Serb, 1. Petropol Serb - “Proposal to use the method
of 'teaching through project' as a pedagogical model to put the
bases of an ‘Educational Modeling Language’ in the activity of
training the students/adults in field of designing the synchronous
generator”, EPE'13 ECCE Europe, ISBN: 978-90-75815-17-7 and
978-1-4799-0114-2.

G.D. Petropol Serb, 1. Petropol Serb — “Method to calculate the
operational parameters of a synchronous generator used in a
railway diesel electrical traction”, Optimization of Electrical and
Electronic Equipment (OPTIM), 2014 International Conference
on, 22-24 May 2014, DOI, 10.1109/0PTIM.2014.6850935.

K. Ludwinek, R. Nadolski, J. Staszak — “Comparison of higher
harmonic contents in salient pole synchronous generator with
different rotor construction”, Archives of electrical engineering,
Vol. 66(1), pp.121-139(2017) DOI 10.1515/ace-2017-0009.

V. Ostovic — “The art and science of rotating field machines
design”, Springer International Publishing Switzerland 2017, DOI
10.1007/978-3-319-39081-9_2.

S. Nuzzo, M. Galea, C. Gerada, N. Brown — “A Fast method for
Modelling Skew and its Effects in Salient-Pole Synchronous
Generators”, IEEE Transactions on Industrial Electronics, 64
(10). pp. 7679-7688. ISSN 1557-9948

D. Zaharia — “Matlab, numerical and symbolic calculus”, ED.
PIM, Iasi, Romania, 2014, ISBN 978-606-13-2091-2



	I. Introduction
	II. Theoretical Background
	III. Designing a Graphical User Interface in Matlab
	IV. Simulations and Results
	V. Conclusions
	Acknowledgment
	References


