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Abstract: It was proposed to introduce the principles of object-oriented design into the
structural and systemic organization of electromechanical energy converters, which makes it
possible to build easily modifiable projects that lack such traditional design disadvantages as
the presence of hard links between individual project phases and make it difficult to
coordinate input and output parameters of calculation blocks.

1. INTRODUCTION

Object-oriented design is an approach to solving problems, consisting in the
consideration of the subject area and the logical solution of the problem from the point of
view of objects. The fundamental element is the object that combines the data structure with
the calculated blocks. An electromechanical energy converter (EEC), as an object of design, is
characterized by a set of design data defining its assembly: geometrical dimensions, winding
data, technical and economic parameters. All these data should satisfy many internal mutual
relations in the form of analytical ratios, determined by physical laws, peculiarities of
structural design and technological factors. The idea is to accompany the inheritance of the
constructive characteristics of the derived classes of EEC by simultaneous creation their
mathematical representation.

The proposed design method performs consistent steps, at each of which they solve
strictly defined tasks. Each stage in its internal implementation is independent of the other
stages, representing a design module with a set of input and output parameters. Input
parameters come from previous ones from the current calculation modules, and output
parameters are passed to the next one from the current calculation module.
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2. ASSEMBLY OF COMPOUND OBJECT MODEL

When constructing a composite model of objects, the operations of generalization and
inheritance are used [1, 2]. In the generalization process, the main class is characterized by
general attributes (parameters), operations (calculated blocks) and associations (logical
connections in the model), which it can delegate to its descendant classes.

In the inheritance hierarchy, an object of a subclass is simultaneously an object of all its
ancestor classes. Due to inheritance, the object has the values of all attributes of all ancestor
classes. In this case, the object can also invoke any operation specified by any of its ancestors.

In a widely branched hierarchical tree of a large project, in which subclasses are
subordinated to the operations of generalization and inheritance, it is necessary to group the
individual subclasses into a single data structure. Often it is important not only for the holistic
perception of the project, but also for the realization of the possibility of its subsequent
modification with minimal expenses for the synthesis of a new project. As an example, the
grouping of subclasses “stator”, “rotor”, “slot” into the class “electric motor” can be given.
For the formation of such a composite model of objects, the operations of aggregation and
composition [3] are used (Fig. 1).
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Figure 1. An example of an induction motor class composite model with aggregation and
composition operations

Aggregation is characterized by an additional semantic meaning [4—-6]. If two objects
are related by a part-to-whole relationship, they should be modeled using aggregation.
Aggregation is represented by a small rhombus, which is placed near the pole, which is an
aggregate.

Composition is a special case of aggregation, characterized by two additional
limitations:

— component can belong to no more than one unit;
— the component attributed to the unit automatically receives programmatic lifetime, which
coincides with the lifetime of the unit.

Thus, the composition implies that the parts belong to the whole. To indicate the
composition, a filled rhombus is used, which is placed with the class-unit.

Class models are not only useful for defining data structures. Tracing class models
makes it possible to express some kinds of behavior. Various models of classes allow us to
describe a complex system, which was shown in the example.

In the well-known methods of EEC designing [7, 8], the order of calculations in design
project is as follows:
selection of main sizes;
calculation of stator winding;
calculation of rotor winding;
calculation of the magnetic circuit;
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— determination of parameters of stator and rotor windings;
— calculation of losses, operating and start-up characteristics;
— ventilation, thermal calculations;

— mechanical shaft calculation.

The listed design stages are rigidly interconnected by a hierarchy. Each new type or
modification of EEC requires the processing of calculated formulas, the introduction of new
variables, or the exclusion of already existing ones. Data and calculation blocks that are at the
lower level of the hierarchy cannot be obtained if the values of the parameters that are located
higher in the hierarchy were not calculated.

Unlike traditional (cascading) design stages, the formation of an object-oriented project
is performed differently [9, 10]. First, the creation of the project begins with the initialization
of the base class. For example, in induction motor (IM) with a squirrel cage rotor (SCR), the
base abstract class “Stator” contains local variables and calculation blocks, which are
characteristic of all machines of an asynchronous type (Fig. 2).

The term "abstract” means that a given class cannot spawn objects, i.e. is an idealized
data structure that summarizes the characteristics of various types of electric machines.

The main local variables of the stator class are:

— number of slots;

— external / internal diameters;

— length of the stator core;

— steel grade mark;

— wire section;

— current, power, voltage, number of pole pairs, network frequency;

— magnetic flux, induction, active and inductive resistance of the winding.
The main calculation blocks of the stator class:

— calculation of the main geometric dimensions;

— calculation of parameters;

— calculation of magnetic flux, current density.

A feature of the “Stator” class is that the variables and calculation blocks are invariant
to the type of IM and in each specific implementation will be replaced by actual numerical
values.

The refined “Stator with Slots” class inherits the variables and calculation blocks of the
base abstract class “Stator” and introduces its own variables and calculation blocks, which are
inherent only for this kind of induction motor. This class already belongs to a specific variety
of EEC and, therefore, can generate objects.

The example shows a stator with trapezoid slots and round wire. This class was
obtained as a result of inheritance from the “Stator”, “Round wire” and “Trapezoidal” classes.
Local variables and calculated blocks of the resulting refined class will no longer be common
to different machines, but will be tied to the realized subspecies:

“Slot” class local variables:

— wire diameter;
— the height of the slot;
— the width of the top / bottom of the slot;
— the fill factor of the slot;
— coefficients of slot, frontal, differential scattering;
“Slot” class calculating blocks:
— calculation of the geometry of the slot;
— calculation of coefficients of slot, frontal, differential scattering;
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inherited computational units of the class “Slot”:
calculation of active and inductive resistances.

EEC:
abstract class

- Total power;

- Active power;

- Rated voltage;
- Net frequency;
- Rotation speed;

IM with SCR

- Magnetic circutt ();

- Air-gap flux density;
- Specific electric loading;
- Magnetic flux;

- Efficiency... - Shaft axis height;
- STATOR;
Abstract functions: <> -ROTOR;
- Initialization (); N
Functions:

- Initialization ();

- Magnetic circuit ();

- Loss calculation ();

- Operation performance ();
- Thermal load ();

STATOR

ROTOR:
abstract class

- External core diameter;
- Internal core diameter;
- Length of the core;

External core diameter;
- Internal core diameter;
- Length of the core;

- Number of slots; - Number of slots; Squirrel-Cage Rotor (SCR)
- Number of turns; - Air gap;
-SLOT, -SLOT, - Diameter of end-ring;
Functions: Abstract functions: B EVIdr?hOf ?nd;m_g; ]
- Initialization (); - Initialization (); \ - Be”g o A ena-nng,
- Parameters (); - Paramsters (); - - __ - Rﬁr resis arn ce; .
-Loss () -Loss (); =, . |7 hing resistance,
\ AN | | Functions:
N ~~ _ ' - Initialization ();
T ~~__ "z Paramsters ();
“J-Loss ();
SLOT:
Abstract class
- Height of the slot;
- Height if the spline;
- Width of the spline;
- Slot area; Trapezoidal Slot OBanbHbIW Na3
- Insulation area
- Wire diameter; - Bottom width; - Bottom width;
- Top width; - Top width;
Abstract functions: - Centers distance; - Centers distance;
- Initialization (); e - Fil factor; - Teeth width
' N Functions: Functions:
R ~ - - Initialization (); - Initialization ();
- Slot fill factor (); _ .| - Slot geometry ();

Figure 2. Class diagram of object-oriented design project for induction motor

As can be seen, the refined “Stator with Slots” class inherits from the base class
methods for calculating parameters using its own calculation blocks to obtain the auxiliary
coefficients included in the formulas for active and inductive resistances. When changing the
slot type, the inheritance logic remains unchanged, but in the final formulas, the blocks for
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obtaining parameters are dynamically replaced, which is realized due to the principles of
inheritance and polymorphism.

The base abstract class “Rotor”, similarly to the abstract class “Stator”, also contains
local variables and computational blocks characteristic of different types of rotors.

The refined class “Squirrel Cage Rotor” is a descendant of several classes: “Rotor”,
“Rotor’s Slot” and is also obtained as a result of inheritance.

The final class “Induction motor with a squirrel-cage rotor” located on the top level of
the hierarchical tree. It inherits all the properties of the lower parent classes and introduces its
own data and calculation blocks. In particular, it is the calculation of operating and start-up
characteristics, ventilation, thermal and mechanical calculations, simulation of transient
characteristic only for an induction motor with a squirrel-cage rotor. It should be noted that in
each specific implementation of different types of EEC, the listed calculations will be adapted
to the accepted chain in the inheritance tree. In addition to the electromagnetic calculation
incorporated in the class tree inheritance, the project is complemented by independent classes:
the ventilation system, the thermal system, the dynamics, the mechanics.

3. IMPLEMENTATION OF OBJECT-ORIENTED PROJECT

At the stage of the technical task statement the initial data to the project is forming. As
the initial parameters for IM, are accepted: rated power, rated voltage, winding circuit
diagram, number of poles, operating temperature. These data are used to initialize stator and
rotor classes of generalized electric machine (EM) and IM.

1. According to the requirements of the standards (DSTU, GOST, ISO) for EM the
basic geometric dimensions of the IM are chooses, performed by the degree of protection and
cooling, parametric constraints governing the multiplicity of starting current, over-loading
capacity, multiplicity of the starting torque, temperature of the IM nodes, etc.

2. The algorithm of an object-oriented design includes:

— the stage of creating a design object, which distinguishes the base class, searches for
keywords, compiles a class diagram, group variables, and calculation blocks in the
corresponding classes, execute the filling of the calculation blocks by formulas [11].

— basic function of calculating geometric sizes, containing data common to stator and rotor;

— a function of calculating the geometric sizes of the stator, which is the heir of the basic
function of calculating the geometry;

— control of the correct choice of geometric sizes and stator parameters;

— a function of calculating the geometric dimensions of the rotor, which is the heir of the
basic function of calculating the geometry;

— control of the correct choice of geometric dimensions and rotor parameters;

— function of calculation of working, start-up characteristics, modeling of IM in dynamic
modes, field calculation;

— function of calculation of thermal and mechanical parameters.

3. Forming the classes of the project, consisting of the base class of the generalized EM
and the descendants, which extend the functional capabilities of the base class and differ in
the features of the projected EM [3, 9-10]. Classes make up the UML language and represent
graphically in the form of diagrams that establish links between the base class and the
descendant classes.

In this case, the adoption of initial data, the accounting of technical requirements are
delegated from the base class to the descendants. The logical connections between the
calculation blocks are formed. When creating an object, the IM with SCR the sequence of
calling calculation blocks in accordance with the design stages.
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To get a class representation of EM, the keywords are assigned:

— electric motor, IM, IM with SQR, stator, rotor, SQR, slot, rectangular slot, trapezoid slot,
slot, winding, conductor, steel grade.

The base class includes calculation blocks, which with the use of polymorphism call the
calculation blocks of the descendants.

At the current stage, distinguish the parameters of EM and group them in the
corresponding classes, fill out the calculation blocks formulas to determine the parameters
determined by the appointment of the calculation block.

For an IM with a SQR stator parameters and its windings are included in the Stator
class; the parameters of the rotor and its windings are grouped in the abstract class Rotor and
the class SQR. The slot parameters are grouped in the abstract slot class, rectangular slot,
trapezium slot, oval slot.

4. At the stage of entering the initial data, initial initialization in a computer program,
compiled in the object-oriented language in accordance with the UML class diagram is
performed. Such common for generalized EM parameters as nominal power, frequency, and
voltage are transmitted by the polymorphic function in the main EM class. In the calculation
block of the designed EM class, derived from the base class, the parameters that are available
at the stage of inputting the initial data for the EM are determined.

5. At the stage of calculating the geometric sizes (Fig. 3), the choice of the number of
stator slots, which is included in the separate object in the IM class, inherited from the base
class, its internal and external diameters for given initial data. A choice of stator slot type is
performing.

EM
abstract

M
Initial Data \ Stator Geometry

diameter > Stator - »| Block of calculating functions
air-gap flux density
number of slots
specific electric load Slot Geometry
steel grade _ -

sSlot .| Block of calculating functions

F
Trapezoidal Rectangular
slot slot

Figure 3. Class diagram of the stator of induction motor

After that, the stator geometry is calculating taking into account the type of slot. In the
same way, the calculation of the rotor, the class of which, as well as the stator class, is a
separate object in the IM class of the.

The rotor class includes the same slots classes as the stator, however, due to
polymorphism, the parameters of the grooves of the stator and rotor classes do not conflict
with each other, since they are dynamically redirected to different objects. For the rotor, select
the number of grooves, the outer and inner diameters for given initial data. Make a choice of
type of rotor slots. Perform calculation of the geometry of the rotor, considering the type of
groove.
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6. Performing the calculation of the magnetic field. Calculation of the magnetic field of
the IM includes the parts of the stator's circuit and the circuit of the rotor. The calculation is
made from an abstract unit of calculation of the main IM class, which defines the sequence of
the call of the calculation blocks of the stator's circuit, and then the circuit of the rotor. Then
the total ampere-turns and the magnetization current are determined.

7. Performing calculation of active and inductive resistances (resistance and reactance).
Calculation of active and inductive resistance of stator and rotor windings performed by a
single polymorphic command, which called from the IM class calculation blocks for
determination of stator parameters, and then the rotor. On Fig. 4 SQR class as the only
descendant of the parent class Rotor is considered.
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Figure 4. Class diagram of the rotor of induction motor

In this class diagram the SQR of the abstract calculating blocks of the class Rotor
acquires a specific implementation but retains the same name for the program call.

8. Performing the losses calculation. Calculation of the IM losses includes calculation of
losses in stator and in the rotor, realizing by the calling of the corresponding calculation
blocks. Polymorphic block, being global and having full access to the obtained results,
completes the calculation of losses by determining the efficiency of the IM.

9. Performing the calculation of non-loading, loading and starting characteristics. The
calculation of the IM characteristics, taking into account the parameters of the stator and rotor
classes, are performed in a loop when changing the slippery in a given range with the
definition of working and starting characteristics.

10. Performing heat calculation. During the thermal calculation, formed on the basis of
the structure of IM class diagram, the excess of the temperature of the stator winding under
the open air temperature is determined using equivalent thermal schemes, the nodes of which
inherit known at this stage parameters of the IM classes.

11. Performing the calculation of mechanical strength and reliability. At this stage, the
mechanical calculation of the shaft and bearings of the IM with the definition of reliability
indicators, including the data of stator winding temperature and mechanical calculation.
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4. CONCLUSIONS

In the proposed method of induction machines design an object-oriented approach in the
organization of calculation procedures is implemented. The flexibility of the presented object-
oriented design model of an induction motor allow to make the follows obvious conclusions:
— maximally approximates the formal representation of the project to object-oriented

programming languages;
— increasing the efficiency of design, reduces the time and material costs; on it
— simplifies modification of the project;
— makes it possible to reuse the existing developments in new projects.

The modifications made to the project will not require a complete reworking of the
calculated sequences, even if the designations of variables and data types are changed, as if it
were in a procedural implementation with subroutine blocks.

The formal representation of the computational algorithms within the classes allows to
perform various hereditary combinations, and the final object is already completely defined
and calculated.
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