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1. Introduction

Electric motors are the main consumers of electric energy in the industry and its effectiveness
depends on the requirements of the system and methods of its control allowing a flexible
adjustment to a variable load. The choice of electrical motors in construction of systems now
is done by engineer approximately [1, 2]. Furthermore, electric motor systems development
requires high scientific and technological personal education level. Due to the inherent
multidisciplinary of electric drive systems and flexibility this required to solve any designing
task. In order to avoid the contradictions mentioned in [3], mathematic methods and computer
software must be involved to increase the quality of designer work and methods used for the
design, thus the conception stages will be done automatically. It in its turn will simplify the
diffusion and the application of new methods that take into consideration the entire
constructor advising. Furthermore, the problem of the induction motors (which are used most
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frequently) lies in its mathematical model. Indeed, it is characterized by a high no-linearity
and high coupling between its working states, particularly between torque and flux. In
addition, its electric parameters are time-varying because of the thermal effect and saturation
phenomenon [4]. To overcome these difficulties of coupling and nonlinear effects, new
methods have been suggested. One of the most known, nowadays, is the field oriented
control. These methods allow controlling the induction motor easily, and therefore the
possibility to use this latter in variable speed drives. On the other hand, the advanced
technology realized in power electronics and signal processing allows to provide variable
frequency and magnitude of current and voltage which are required by the field oriented
control methods. The two above factors have been combined to implement automatic control
technique of induction motors. However, even though the high performances were obtained,
some disadvantages appeared such as: the need for exact modeling, high speed calculation to
implement its complex algorithm, sensibility to parameter variations. These problems have
boosted many researches in hope to obtain more reliable and simplier control methods. For
this reason artificial intelligence-based decision making procedure techniques have been
investigated. These methods are preferred by the fact the motor model is needless. In the other
hand, in order to integrate diagnostics and decrease the analysis time of fault and maintenance
costs, the expert system should be associated to the measure subsystem, acquisition subsystem
and information treatment subsystem. The intelligent tasks of diagnostics are done by the
expert system. The article suggests the development of decision making procedure [5] for an
expert system to improve power efficiency in the motor systems.

1. Problem statement

The problem of decision making procedure modeling for motor selection and energy
consumption efficiency increasing of electric motor systems is multi criteria decision
problem. A structure scheme of a modern electric motor [5] system is in fig. 1, where a
semiconductor converter (PP) controls or dispenses the supplied electric power and supplies it
to an electric drive (D), and then mechanical energy through a direct connection or gear (PM)
is supplied to an operational machine (DM).
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1.Figure. Structure scheme of the controlled AC drive.

PP — controlled power electronic converter, D — motor or electric mechanical converter, PM-
gear and DM — operational machine. Uv — control voltage, Ul and U2 — input and output
voltages, f1 and f2 — input and output frequencies, Ip — current of the motor, nl — rotational
frequency of the motor, n2 — output rotational frequency of the gear, n3 — output rotational
frequency of the operational machine.

The decision making procedure development for motor selection for energy consumption
efficiency increase of electric motor systems takes into account motor parameters and their
regulation possibilities. The decision making procedure development of expert system for
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selection of an efficient motor is analyzed. Three-phase asynchronous electric drives with a
squirrel-cage rotor (AD) now are the most widespread electric drive machines in the world
that can be explained by their small cost and excellent reliability.

Now the share of adjustable electric drives with ADs is continuously growing. There is an
indicative tendency of frequency converters (FC) installation not only in new installations, but
modernization of the working electro technical equipment with a view of power saving or
reliability increase, and also at replacement of the worn out control system. Here we shall
note that alongside with functional equipment, reliability and simplicity of commissioning,
cost of the frequency converter and simplicity of adjustment are critical.

2. Structure of expert system

Electric motor selection method development based on information system based on expert
system. Expert system consists of the following elements: Knowledge base, user interface,
designer, explanation subsystem, intelligent editor of knowledge base, user, expert,
knowledge engineer. Expert system [6] is a knowledge based system that provides expertise,
similar to what expert in a closed data application is doing. The main blocks of expert system
are shown in figure 2.
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The main tasks, when it is useful to use expert system are: data interpretation, diagnostics,
monitoring, system design, forecasting, planning, learning, management, decision making
support. The problems of system design, management, and decision making support are very
important for system functioning in optimal energy consumption regime. This investigation
allowed to realize, that expert system performance for energy efficiency increasing is
effective in static expert system case for electric drive systems design and management.
There are the following stages for electrical motor expert system design:
1. step - Identification of the problem
2. step — Conceptualization: what is given and what should be inferred?
3. step — Formalization - answer for question are the data and knowledge are reliable,
accurate and precise, or not? What kind of explanation is needed?
4. step — Realization: what methods and tools are appropriate for representing data and
knowledge?
5. step — Experiment and validation results.
The expert system design is a complex task. Using of expert system for electrical drive system
design is useful, if we have knowledge about motors, there is an expert having ability to
formalize this knowledge. From the other side the expert system design could decrease electro
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energy consumption in case of electrical drives system design activities. The task of system
design is analyzed in the article.

3. The task of decision support system design

For instance, the problem of controlled pump drives selection for water pump station could be
solved, using decision support system, based on expert system with user interface. The
controlled pump drives selection could be formalized by expert experience and alternative
evaluation of the defined system parameters and consumer’s request can be performed. Using
modern information technologies helps to select the optimal drive in innovation study.

The actual problem of decision making selecting electric drives control in water pump station
renovation is described.

The decision making person and system collaboration gives information based on solution
decision making procedure. Decisions rules are interpretation as if s;, then p;.

The s;, is chosen from p; taking into account factors fj, in a complicated way. The output
procedure could be defined in the different ways; the main idea is to define set of factors:

F={f1, ceey fn},

It is important to know, that the new facts can not be achieved as the results of the system
functioning. The main aim of the system is to define relations for real situation facts.

The two existing set F subsets will be defined in the article as Fy, F;

F=FOUF1, FoﬂF1=®

The subset S; will be named as subset of the marked (known) facts, but subset Fy— the subset
of unmarked facts. The subset F;, sometimes could be considered as an operational field of
the decision support system. At the beginning of the work the system has some facts, for
example: Fi={f}, f,, f3}.

The subset F; fulfillment could be made by moving elements from F, subset. The rules
interpretation could be described as si— p; with facts from Fy, if the rule is subset F; will be
fulfillment from facts, which are true in right side of production P;. Selection of the best
decision from S;={s;(pi(f1)), s2(p2(f2)), s3(ps3(f3)} is the decision maker function, the best
alternative we describe as S’1>S;.

4. AC motor equipment selection

The general principles and criteria of electric motors selection can be illustrated for stochastic
loading mode. Distinction of this mode is that the loading diagram of the electric drive in this
case cannot be expressed in the form of certain determined dependence MH (t) and for an
estimation of heating of the motor it is necessary to use methods of the random processes
theory.

Characteristics of the static torque on which similar characteristics of motor currents and
temperatures of its parts are defined. In this case the estimation of a thermal condition of the
motor on average value of loading leads to understating of windings temperature and an error
depends on dispersion of the static torque from its average value.

For the majority of random processes «three sigmas» rule is fairly correct, consisting that with
high probability it is possible to speak that all possible values of function x (t) lay in interval
3stytm , — 3stytmywhere my and sty - are a expectation value and a root-mean-square
deviation of random process x correspondently. Using this rule, it is possible to define the
greatest value of winding temperature excess of the motor:
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D=<DE> + 3 st,;

Here < DE > - a expectation value of temperature excess st. - a root-mean-square deviation of
temperature.

Check of electric motor selection correctness on conditions of heating for values of the
equivalent torque or equivalent power can be made in view of that M, and P, are defined as
follows:

_ 2,2 .p_ 2,.2
Mz =<M>"+a",; P,=<P>"+a",

Where <M>, <P> - expectation values of the torque and power correspondently; a,, and a, -
their root-mean-square deviations.

It is possible to calculate also M, and P, which are fair for processes M? (t) and P*(t), taking
place in many cases at long work of the electric motor on random loading. Such random
processes are defined on one realization, i.e. for such processes finding the probability
characteristics averaging on ensemble of realizations is replaced with averaging in time.

At greater fluctuations of a random component of process concerning the average torque main
value is reloading ability of the motor. In this case the important criteria of selection
correctness is the maximum rotating torque.

Mmax> Msmax~

As in a random load mode M.« also represents casual process that the condition was carried
out with the greater probability, it is necessary to calculate My,,x in view of a unilateral
confidential interval, and aside reduction of average value Myax:

Mmax = <M max> - <M smax> .

Similar principle is used to estimate the starting torque of the motor with analysis of start-up
conditions.

Electric motor selection procedure includes power inverter and control system selection
realizing the researched way of control. The power inverter considers separate control of
inverter switches, type of power switches and presence of internal diodes - on a degree of the
account of inverter real properties is close to optimum.

The greatest interest is in electric motor missing variables estimation on which control is
made. Linkage is calculated on the basis of the Kirchoff's equation using digital integration.
The only parameter which should be entered during adjustment of a drive or identified is
stator active resistance. Its identification is one of the simplest procedures with automatic
initialization of modern inverters. Dependence of FC work on a conformity degree of stator
identified and real active resistance is obvious from temperature changes. However selection
analysis shows high stability of the system with introduction of obviously inexact parameters
and high robustness of the electric drive as a whole.

Variables necessary for calculation are defined at evaluation stage of stator linkage
dispersion. It is necessary to note, that realization of expressions in a digital control system is
simple enough and does not demand essential computing power of the processor.

After the demanded linkage estimation and motor torque their comparison with task signals is
made, considering hysteresis values to except high-frequency switching with slightest
parameters change. On the basis of comparison results according to the previously established
state table the control signal for inverter power switches is produced.

Resulting condition variable looks like:
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2

US(Sa’Sb’Sc):EUDC(Sa +Sb€j2”/3 +Scej47r/3),

Where S,, Sy, S¢ describe three phase inputs condition, 0 means connection of phase to a
negative feed input, means connection to a positive feed input.

Here it is necessary to note the basic differences and advantages of the torque direct control
system:

- all calculations are made with feedback signals in fixed coordinate system without real time
transition to rotating system;

- missing values estimation is made on the basis of the elementary equations, thus the
sensorless AD control is realized;

- power switching is based on a tabulated principle, that also reduces computing resources;

- switching frequency automatically increases as required and is not always maximal, that
reduces thermal losses and load on isolation of the motor.

Conclusion

1. The elaborated electric motor selection system, in one hand, allows specifying the
electrical drives (taking into account the available varieties of motors, frequency converters
and control strategies), in another hand, is characterized by the following:

Easy to be modified (flexible system);

Its data-base system and inference system are completely independent;

It has an explanation module of interpretation;

It is independent of its application module.

2. The obtained results permitted to conclude that the use of the proposed ANN for the
induction motor control guarantees an adaptive and robust control. The adaptation rules offer
to the two ANN the capacity of adapting with the various induction motor operation modes.
In addition, these rules allow a fast compensation of the rotor and stator resistances without
using any identification tool.

3. The problem of power loss in vector control induction motor is treated. Field oriented
control provides a maximum torque capability available at any time by setting the flux level at
its nominal value. However for light loads this advantage becomes a disadvantage. In fact, it
provides poor efficiency which is explained by the excessive iron loss at small loads. For this
reason a mechanism is elaborated in view to keep the efficiency higher even at low loading.
The obtained relationship permits to set the optimal rotor flux level so that the power loss in
the induction motor is minimal. On another hand, the efficiency is altered by the rotor
resistance changes too. Therefore, a fuzzy controller is added to avoid this problem and to
give an estimated value of the rotor resistance that the optimization mechanism needs to
truthfully adjust the rotor flux level. The obtained equality between the stator current
components confirms the quality of the proposed optimization mechanism.

4. The necessity of the information about electromechanical system behavior has required
modeling as well as in digital forms both normal and abnormal operation therefore it became
possible to construct curves of electrical and mechanical parameter changes. For this purpose
the following parameters were used:

control voltage value, rotation speed and stator current. Their choice was justified, on the one
hand, by availability of their measurement and, on the other hand, by the fact they changed
essentially while failure occurrence (i.e. they characterized a failure more completely). The
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obtained results allow a quantitative characterization of each type of defects (defects
signature).

5. The defects appearance is associated with:

The values exceeding the allowable values of the characteristics; an increase in the energy
losses; a risk of equipment break down.

6. The advantage for the proposed approach of diagnostics, is in one side, to capitalize,
systematize and to formalize the experience acquired by experts in the field (through filing up
card-indexes of defects) and, in the other side, to analyze and understand the flow of
knowledge and information so that the system could allow precise identification of the defect
type and localization. Therefore the compromise between cost and efficiency should be found
for each concrete case.
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Ribickis L., Kunicina N., Caiko J., Elektrodzineju izvéles metodes izstrade elektropiedzinas sistemu
efektivitates paaugstinasanai

Saja raksta tiek analizéta elektrodzinéja optimalds izvéles problema, nemot vérd ta energétisko efektivitati un
iespeju veikt regulésanu. Izstrada elektrisko motoru izvéles sistéma dod iespéju nemot vera visas elektriskas
piedzinas sistemas elementu: elektrisko motoru, frekvencu parveidotaju un vadibas shémas specifiskos
parametru. Elektromotoru izvéles informdcijas sistéma tika izveidota, nemot véra sistémas elastibas svarigumu,
datu pieejamiba un to kvalitate (vai ir pietiekams zipu daudzu par motoru, lai pienemtu lemumu), paskaidrojuma
moduja esamiba (terminologija), sistému var izmantot neatkarigi no citas programmatiras. legiitie rezultati var
bit pielietoti elektropiedzinas sistemu darbibu uzlabosanai. Elektrodzinéju izvélei tiek piedavats pielietot
informdcijas sistemu, izmantojot maksligd intelekta metodes (ekspertu sistemas), sistémas uzbiive Jauj samazinat
elektroenergijas patérinu razosanas uzpémumos. Raksta tiek analizéta ekspertu sistémas struktira un tas
izveides procedira. Uzskaititi elektrodzinéju izveles principi un kritériji stohastiskam noslodzes rezimam.
Elektrodzinéja izvéle izveide ir viens no bitiskakiem efektivas elektroenergijas lietoSanas nosacijumiem, jo
dzineji ir vieni no lielakiem elektroenergijas patérétajiem.
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Ribickis L., Kunicina N., Chaiko Y., Electric motor selection method development for efficiency increasing of
electrical drives systems

The article analyses the problem of an optimal selection of the motors, taking into account its efficiency and
control possibilities. The elaborated selection system of the electric motor allows considering of all the elements
of the drive system: electric motor, frequency converter, and specific parameters of the control systems. The
informational system of the motors selection takes into account the importance of the system's flexibility,
accessability of the data and its quality, existance of the descriptive modules (terminology), the system coulde be
applied independently on other sofiware. The obtained results can be used for the improvement of operation of
electric drive systems. The artificial intelligent methods (expert systems) are applied in the informational
system, the architechture of the system allows decreasing of the power comsumption at the enterprises. The
principles and criteria of the electric motors selection are defined for the mode of stochastic loading. The
selection of the motors is one of the important regulations for the effective power consumption as the motors are
the largest part of the energy consumers.

Poiouyxuin JI., Kynuyvina H., Yaiixo E., Pazpabomka memooa evl6opa 3nekmpooguzamens 01 HOGbIUIEHUS
IHe20IPhemuenocmu cucmem c INEKMPOnPUEOOOM

B oaunoiti cmamve paccmampusaemcs npobnema 6vlO0pa INEKMPOOSUAMens, NPUHUMASL 60 GHUMAHUE
IHEP20IPDEKMUSHOCTL U BOZMONCHOCHL OCYUjecmenenus pecyauposku. Paspabomannas cucmema 6vibopa
eKmpoosueamenss NO360NsAeM  NPUHUMAMb 60  GHUMAHUE 6Ce NAPAMEmpbl  DNEMEHMO8  CUCTEMbl
2IeKmponpusooa (arekmpoogueamens, npeobpazosamens, cucmemvl ynpaenenus oeuecamenem). Cucmema
sblOOpa dneKmpoosucamenst paspabomana ¢ y4emom BAdCHOCMU CUCMEMbl, GO3MONCHOCHU ee HACMPOUKU,
Hanuyue U Kauyecmeo OAHHbIX O Osucamene ONsi NPUHSMUSL DEUEHUs O €20 UCHONb308AHUL, HATUYUE
ROSICHSIIOWEe20 MOOYIISL, CUCHEMY MONCHO UCHOTb3068AMb HE3AGUCUMO OM OPY2020 NPOSPAMMHO20 00eCneyeHus.
Ionyuennvie pesyribmamol NO3604M CHU3UMb NOMpeOieHUe IeKMPOIHEPSUL 8 CUCTNEME C INEKMPONPUBOOOM.
s evibopa snexmpodeucamens npeonazaemcs UCHOIb308aAMb UHQOPMAYUOHHYIO CUCTNEMY, C NPUMEHEHUEeM
MeMmOoO08 UCKYCCMBEHHO20 UHMENIEKMA (IKCNEPMHBIX CUCIEM), CO30aHUe MAKOU CUCEeMbl NO360AUM CHUZUMb
nompebaenue INeKMpoIHepUlL Ha NPOU3BOOCMBEHHBIX Npednpusmusax. B cmamve ananusupyemcs cmpykmypa u
npoyedypa co30aHus IKCNEPMHOU CUCIEMbI.
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