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USING OBJECT-ORIENTED DESIGN PRINCIPLES IN ELECTRIC MACHINES
DEVELOPMENT

Purpose. To develop the theoretical basis of electrical machines object-oriented design, mathematical models and software to im-
prove their design synthesis, analysis and optimization. Methodology. We have applied object-oriented design theory in electric
machines optimal design and mathematical modelling of electromagnetic transients and electromagnetic field distribution. We
have correlated the simulated results with the experimental data obtained by means of the double-stator screw dryer with an ex-
ternal solid rotor, brushless turbo-generator exciter and induction motor with squirrel cage rotor. Results. We have developed
object-oriented design methodology, transient mathematical modelling and electromagnetic field equations templates for cylindri-
cal electrical machines, improved and remade Cartesian product and genetic optimization algorithms. This allows to develop elec-
trical machines classifications models, included not only structure development but also parallel synthesis of mathematical mod-
els and design software, to improve electric machines efficiency and technical performance. Originality. For the first time, we
have applied a new way of design and modelling of electrical machines, which is based on the basic concepts of the object-
oriented analysis. For the first time is suggested to use a single class template for structural and system organization of electrical
machines, invariant to their specific variety. Practical value. We have manufactured screw dryer for coil dust drying and mixing
based on the performed object-oriented theory. We have developed object-oriented software for design and optimization of induc-
tion motor with squirrel cage rotor of AIR series and brushless turbo-generator exciter. The experimental studies have confirmed
the adequacy of the developed object-oriented design methodology. References 12, figures 2.

Key words: electric machine, object-oriented, class, object, template, inheritance, hierarchy, designing, mathematical model-
ing, electromagnetic field, optimization, algorithm.

Boinonnen ananuz npumenumocmu meopuu 00beKmMHO-0PUESHMUPOSAHHO20 AHATIU3A 8 NPOCKMUPOSAHUU U MAMEMAMUYECKOM
MOOenuposanuu IneKmpudeckux mamun. Paccmompenst 00veKmuo-opueHmuposantvle Mooeau INeKmpudecKux MauuH, CuH-
me3 KOmopuwlxX 0CyweCmennemcs KaKk Ha 0CHO8e NOJIONCEHUL MeopUuu IJ1eKMPOMAZHUMHO20 NOJIA, MAK U HA OCHO8e Oughghepen-
UUABHBIX  YPAGHEHUIl  IIEKMPOMAZHUMHBIX  NEPEXOOHBLIX  NPOUECCO8. npeumyuwecmea
OPUEHMUPOBAHHO20 NOOX00a 6 npoekmuposanuu. Onpedesiensl 0CHOGHbBIE NPUHUUNBL 00BEKMHO-0PUECHMUPOBCAHHO20 NPOCKMU-
posanua. bubn. 12, puc. 2.

Knrouesvie cnoga: 3nekTpuyecKasi MAlIMHA, 00beKTHO-OPMEHTHPOBAHHBIM, KjIacc, 00beKT, 1a0Ja0H, HACIel0BaHHe, Hepap-
XHsl, IPOEKTHPOBaHHE, MaTeMaTHYeCKOe MOJeJHPOBaHNe, JJIEKTPOMATHUTHOE T0J1e, ONTHMH3aLUsl, AJITOPUTM.

Obocnosanvt 00veKmno-

Introduction. Development and modernization of
electric machines (EM) with high technical and economic
performance is a priority for today's enterprises of electric
machine industry [1, 2]. The development of new versions
of EM is realized by an individual approach to each
project.

However, the existing design methods based on
the sequential organization of design stage, do not
allow to implement the tasks associated with the
following:

1) there is no possibility of the automated transfer of all
or part of the project to create a new, which has both
common features with the base, and their own;

2) there is no mechanism of inclusion in your existing
project data dependencies of other projects;

3)it is impossible to apply modern methods of
optimization based on an object-oriented representation of
data;

4) the cost of resources for the design at the traditional
sequential approach significantly inferior to the object-
oriented systems.

In this connection, an important task is to validate
such a design technique that will not only reduce the time
of design work, but also to improve the process of

creating of the EM due to the transfer of design
techniques from the pre-formed database to a new
combination of the EM components.

In [3-6] principles, methodology and
implementation of object-oriented design (OOD),
mathematical modeling and optimization of EM have
been described. In this paper, the principles of object-
oriented analysis (OOA) are considered in the realization
of an integrated project of EM from calculation to
optimization.

The goal of the work is the solution of the problem
increasing the technical and economic parameters of EM
and shortening their development by using OOD.

Problem definition. Traditional design is
accompanied by so-called «procedural» approach to
solving the problems of the calculation of the electrical
machine. The project, built on the basis of a procedural
method is divided into calculated blocks, each of which
performs a certain sequence of actions completed and has
clearly expressed-linkages with other units of the project.
Calculations are divided into successively performed
points with a set of formulas rigidly interconnected by
input and output data. A large number of links between
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the calculated blocks and data, in turn, gives rise to
several problems: first, the complicated structure of the
project; secondly, the project becomes difficult to make
changes. The development costs of these projects are very
high, which affects the additional material costs and
higher cost of production. In this connection, such an
organization of the EM design which would allow to
increase the efficiency of the development of new
projects, as well as modification of existing ones with
minimal resource and time consuming, is of great
importance in today's electrical machine industry.

Object-oriented design implements the concept of
problem solving, using models based on the concepts of
the real world. The fundamental elements are the class
and object [7]. The classes allow to carry out the
construction of individual components having simple
tools. The object at the same time brings together a data
structure (parameters with calculated procedures).

The underlying idea of the OOD is to join data and
actions performed on that data, in a single unit, which is
called an object. As an example, Fig. 1 shows the
structure of the OOD to the DC motor.

Object-oriented project may be represented as
«Electrical Designer» when from out-established blocks a
new EM modification is assembled. Thus, Fig. 2
illustrates OOD of a screw motor with a massive rotor
which is composed from modules of the induction motor
(IM), machine with a massive rotor and screw.

DC motor
calculation
Main pole Auxiliary pole Armature
calculation calculation calculation
Collector
calculation

Fig. 1. Inheritance tree of DC motor in the OOD

IM with squirrel- Massive rotor
cage rotor calculation
] I |
+ .

| Screw IM with massive
rotor
L

Fig. 2. Synthesis of the OO project of the screw IM
with massive rotor

Creation of new projects at the OOD, as well as
modification of existing ones is based on the experience
of previous designs, resulting in a significant reduction in
development time, reduces the probability of introducing
errors into the new project.

Results of investigations. In OOD the project is
represented as discrete objects, which contain the data and
computational blocks with a set of formulas and logical
connections [3, 7]. The characteristics and the basic
principles of construction of the object in this case are:
individuality; classification; inheritance; polymorphism.

Considering the theory of OOD, we go out from the
point which assumes a basic class of generalized EM,
descendants of which are well-known types of EM. By
inheritance, using OOD principles discussed, added to or
cut off those features which lead to the synthesis of a
specific model of EM.

As the base, in terms of the OOD we accept
Maxwell equations of classical electrodynamics [8]:

rotE = —a—B,
. ot

divD =p, )
- - 0D

rotH =J +—,
. ot

divB =0.

In (1) vectors of electric field strength £ and mag-
netic field strength H are connected by the relations:

DZSSOE, E:uuoﬁ, J =cE, 2)

with vectors of electric D and magnetic B inductions,

vector of the electric current density J , which represent
the medium response on the presents of the electromag-
netic field in it. Respectively, p is the volume density of
the electric charge, g, and L, are electric and magnetic
constants, o is the conductivity, € and p are dielectric and
magnetic permeabilities of the medium.

An analysis of the work performed shows that
Maxwell equations (1), (2), which are fundamental to the
theory of EM, fully confirm the stated principles of the
OOD, thus proving the viability of the object-oriented
approach in the design of EM. Thus, the development of
theoretical bases of the OOD, in addition, that it improves
the efficiency and quality of design does not contradict
the principles of formation of electromagnetic structures
in EM.

Practical implementation of the OOD has been made
in the programming language Java [6]. In the project were
implemented stages of the design, including
electromagnetic calculation as well as thermal, reliability,
economic.

Used object-oriented optimization algorithms, such
as the Cartesian product of the sets (CPS) and genetic
algorithm (GA), make it possible to perform calculations
of the machine with all possible combinations of variable
variables within specified limits and at a predetermined
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step while changing variable
parameters [9, 10].

To improve the efficiency of the algorithm of the
CPS sampling procedure combinations authenticated the
restrictions it has been modified by the authors that the
increased performance of the algorithm is more than in 10
times [11].

Genetic optimization algorithm in the classical
formulation was modified and practically realized by the
authors for the EM data sample, and adding changes in
the range of varied variables without invasion into the
internal structure of the algorithm [12].

After the completion of the last phase of
optimization automated parametric design of optimal
motor in AutoCAD or COMPAS with automatic
generation of design and drawing documentation is
performed [6].

OOP principles allow not only synthesize the EM
design techniques, but also consider their mathematical
models of hereditary succession of the base class and
descendant classes. This will go to the designing as a
complex task, decisive problems of obtaining the
parameters and characteristics of EM in steady-state and
transient modes. Here, automated generation of
mathematical model of a random kind of EM at the design
stage is performed.

The system of equations of the EM of basic
machine describes the energy conversion process and
consists of four Kirchhoff equations, equations of the
electromagnetic torque and movement. Based on the
analysis mathematic models of different types of EM, a
table of modifications, allowing to generate their
model using OOD principles is built. Synthesis of
models of EM was accompanied by the formation of
the table of modifiers, which are the coefficients or
terms, changing the matrix of basic parameters of the
mathematical model [3].

Using a template class of generalized EM and
selecting certain features, you can go to the object of
particular EM [4]. A mathematical model of transient
processes in at the OOD is formed on the base of the
hierarchical tree of inheritance, modifiers tables compiled
for the designed machine.

Practical implementation of the OOD of the EM is
confirmed by the utilization at industrial enterprises of
Ukraine.

The screw induction motor (SIM), manufactured by
JSC «Pervomaisky Electromechanical Plant named after
K. Marx» was developed and implemented in the
production process of mixing and drying of coal sludge at
JSC «Central Concentration Plant Selidovskayay.

For the SIM, the object-oriented design
methodology was compiled, it was practically
implemented in the programming language Java, object-
oriented mathematical simulation of electromagnetic

simultaneously the

transients and the analysis of the distribution of the
electromagnetic field were performed.

Using the principles of OOP techniques and a
computer program in Java language for the optimal design
and the study of transient modes of an induction motor for
electric rolling stock have been developed. The results of
calculations were the basis of field calculations in 2D and
3D formulations to improve the thermal performance of
the motor.

As an object of design was also considered a multi-
phase brushless synchronous exciter BTB-12(15) (State
Plant «Electrotyazhmash», Kharkiv) designed for systems
of the brushless excitation of the turbine generator
(BETG) of 80 MW. Object-oriented class structure of the
BETG project was implemented in the form of software
in Java.

As an object of design an asynchronous motor with a
squirrel-cage rotor of AWP series was considered,
developed at the company Special Design Bureau
«Ukrelectromachy. In the course of the work done object-
oriented design was done, a computer program in Java
was created, multi-criteria optimization of the IM using
the CPS algorithm was made. As a result of optimization
parameters of the IM with squirrel-cage rotor were
obtained having improved in the comparison to the base
case, the technical and economic performance.

Thus, the technique of the OOD of the EM was
practically implemented in the projects that have received
practical application in industry.

Conclusions.

1. Object-oriented design has allowed to realize the
formation of project methods and mathematical models of
EM by using information of base classes of the project
using modifiers and operators of synthesis. Unified
template allows to transfer elaborated project data to new
versions of EM.

2. Object-oriented methodology of mathematical
modeling of EM allows the synthesis of mathematical
models of the existing types of EM, and to predict the
possible modification of new structures.

3. The use of OOD principles leads to a significant
reduction in terms of the design, along with opportunities
to perform engineering design optimization, mathematical
modeling of electromagnetic transients and the analysis of
the distribution of the electromagnetic field of EM in the
frame one project.

4. The use of object-oriented methods of optimization is
allowed to raise such technical and economic performance of
EM such as efficiency, cost, power factor, improve the
performance of starting and operating characteristics.
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