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1. Introduction

A lot of electrical equipment is produced all over the world today and the topical question is
to select the only suitable one for a production process from this variety. It requires huge time
resources. At the same time in this way targeted software could shorten the time spent for this,

decrease human resources by developing the equipment for new production lines. The
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application of automation systems reduces expenses and increases its quality and
effectiveness as well.

The purpose of the work is to develop a dynamic model that, with some given data of
technical process parameters, can give a prognosis and suggest an optimal selection of the
electrical equipment using a commercial data base of it.

Development of multi criteria decision making procedure for industrial system makes it more
efficient especially in electric energy consumption. Energy saving problem is described in the
article for industrial system. The importance of this problem lies in the electrical energy
saving problem actuality in Latvia, because the self sufficiency of electrical energy is less

then the consumption.

2. Problem statement

Design of the industrial systems is a complex and important process as it takes into account
the present volume of production as well as the possibility to change the volume and type of
the production. Therefore, not only an effective production line should be applied, but its
control and adjustment possibilities also. Without these possibilities an enterprise can fail
under the condition of market competition because the products should be often suitable for a
concrete consumer. The order of the production operation of the industrial systems [1] is

given in Fig.1.
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Fig. 1. Industrial system production sequence, according to the making plan
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3. The analysis of the production system

The intelligent selection of motors for industrial systems is completed at the stage of systems
development and redesign or improvement as well. The task of the electric motor selection
can be formulated as an identification of the object of optimization [2]. Under an object
identification process one can realize a mathematical description of the process — the
development of the mathematical model of the object. The mathematical modelling is
necessary for the decision on the electric motor selection, made on the basis of system's
objects and their functions. The article describes the case when the features R(X) of an
industrial productive system are under consideration (for more accurate searching for the
extremum of the function of electric energy consumption X*). For this aim such a system of
qualitative factors R(X) evaluation and such Xj, ..., Xy, which allow with a set N and known
system's parameters obtaining description of the model Ry (X), that minimally differs from a
real R(X):

M=min{|R(X) - Ry (X)|} (1)

Xel

I — X factor of presence.

A model with a finite number of parameters P=(pj, ..., pm) is defined with the description of
the industrial process Ry (X)=F(X/P),

Where F — a function defined according to the prior information on the system.

It is described in square form

F(X/P)=p+[X, P’X] +[P”, X] 2)

where p — a constant term, P’ — a matrix with coefficients nxn, P” — vectors of n — order,
square brackets describe a scalar multiplication. This description contains m=1/2(n+1)(n+2)
unknown coefficients: one absolute term, 1/2n(n+1) matrix elements P(p’;=p’;;) and P” vector
elements.

Describing the conditions of the term R(X) with x, X, ..., Xk

x=f(xXxt+1, xk+2, ..., X;), using the expression of quality R=R(X), we will obtain: R=F(x\+1,
Xxt2, ..., Xn). Therefore the calculation task for selection of electrical motors for industrial
systems could have such target function F(xx+1, xx+2, ..., x,)—>max, if (1/x, ->max) X, — is a
consumption of electric energy.

4. Analysis of the power effectiveness

The power effectiveness of the system is provided by the effective selection of the electric
equipment and the choice of the control way as well. The system can be built with the use of
different motors and other elements.

As a rule methods of position control of the dynamic systems are applied for the control of
electric drives. As a result control system have been developed.

The use of modern information technologies (neural networks, fuzzy logics, genetic
algorithms, expert systems) can significantly improve the quality of complex control systems.
The built-in regulators of the classical methods do not always allow a necessary system
control. The article analyses the development of an intelligent multi criteria algorithm for
electrical motors calculation problem for industrial systems, solved with the use of systematic
knowledge processing.
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The design of an intelligent control system applies two basic principles: the control of
situation (control based on the analysis of external situation and events) and using
technologies of modern knowledge processing. The development of electrical drives
calculation algorithm arises the necessity of production systems control according to the
analysis of the external situations.

Let us consider a principal scheme of the dynamic braking of a squirrel-cage motor, fig.2, the
motor in these systems operates in a mode of changing load, where maximum loading
periods are replaced with idle running periods. This is periodic intermittent duty:

3)

where: Pj, tj — value of power in separate cycles and duration of these cycles [3].

The functions of the production systems are the basic conditions in the process of selection of

motor type and electric drive [4].

The selection of the squirrel-cage motors for the production machines of such type is based on
the principles that the necessary loading process is provided, electric motor has less losses and
less electric energy is consumed. In this case a dynamic braking is applied for the squirrel-
cage motor. If there is no a separate DC link the production system looks as shown in fig.2.
The scheme, as mentioned in [8] consists of well-known connection of induction motor to a
non-reversible block that is completed with a unit of a rectified voltage. This unit consists of
transformer T1, semiconductor rectifier Ul and braking closing switch K2, that operates
according to time principle [8].

At the initial condition no one of the apparatus is operating. The control circuit allows starting
and stop of the motor, controlling its braking process. With pushing the starting button S2,
switch K1 operates and the motor's operation stars. In order to stop the motor button S3
should be pushed switching off K1, but with its switching on contacts preparing the circuit of
the braking switch K2. Disconnecting from the supply K1 disconnects also the motor and K1
with its blocking contact is switching on the braking switch K2. It in its turn connects
transformer T1 to the network and two phases of the stator are connected to the rectified
voltage.
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Fig.2. The principal scheme of the start, operation mode and dynamic braking of the squirrel-
cage motor

Switch K2 connects the coil of the time relay K3 to the voltage, starting the braking time
delay. At the end of the delay switch K3 disconnects the circuit of K2. The transformer thus is
disconnected from the supply, but the rectified voltage — from the stator winding.  The
scheme is back to the initial condition. Time settings T, of relay K3 can be defined as a
difference between the motor calculated braking time t, and time of K2 disconnecting t, :
Tp=t, - t,. 4)

There is an electric blocking in the circuit in order to prevent switches K1 and K2 from a
simultaneous operating. The disadvantage of the scheme is a low braking torque at the speed
close to the synchronous and its extreme increasing at only low motor speed that can cause
damage of the mechanism.

To provide unchangeable braking torque the plugging braking is applied instead of dynamic
one. For such systems an electric motors selection methodology is developed with the use of
advantages of neural networks.

5. Cascade-Correlation algorithm of neural network learning

Cascade-Correlation algorithm [5] begins with a minimal network, then automatically trains
and adds new hidden units one by one, creating a multi-layer structure. Once a new hidden
unit has been added to the network, its input-side weights are frozen. This unit then becomes a
permanent feature-detector in the network, available for producing outputs or for creating
other, more complex feature detectors. The Cascade-Correlation (fig.3.) architecture has
several advantages over existing algorithms: it learns very quickly, the network determines its
own size and topology, it retains the structures it is built even if the training set changes, and it
requires no back-propagation of error signals through the connections of the network.
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Cascade-Correlation combines two key ideas: The first is the cascade architecture, in which
hidden units are added to the network one at a time and do not change after they have been
added. The second is the learning algorithm, which creates and installs the new hidden units.
For each new hidden unit, we attempt to maximize the magnitude of the correlation between
the new unit’s output and the residual error signal was eliminated.
The purpose of the learning is to decrease the output root-mean-square error of the supply net:
E=1/22(Yop-top)”

op
where y,p- the real output of the net for the sample r and tq,- an expected output for the
particular sample [6].
Describing the productive system in this case we assign P — as a set of system’s parameters,
where decreasing the output root-mean-square error of the supply net we achieve the optimum
of the target function F(xyx+1, x,+2, ..., X,)—max, if (1/x¢ ->max) x. — decreasing of the
electric energy consumption.
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Fig.3. The Cascade architecture, initial state and after adding hidden units

6. Algorithm for choosing of a motor

The problem solution algorithm is modelling of water pump systems, using multi criteria
model [7] by energy consumption effectiveness criteria.

Step 1. Task formulating.

Step 2. To formalizing set of possible decisions.

Step 3. To define the set of criteria’s.

Step 4. To define the set of efficacy criteria measurement scale. Steps 3, 5.

StepS. Possible alternatives efficiency measurement by criteria scales. Steps 3, 4, 6.

Step 6. Getting and sequencing information about priorities.

Step 7. To define the set of decision making rules.

Step 8. Possible decisions ordering.

Step 9. Analysis of ordering results.

Step 10. Sequence satisfactorily priorities? If yes Step 12, If no Step 11.

Step 11. Non — satisfactorily reasons analysis, and definition of improvements. Steps 2, 3, 4,
5, 6.
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Step 12. Electrical drive satisfactorily problem decision? If yes Step 13, If no Step 6 ore 1.
Step 13. Finish of problem decision.

7. Example for electric motors choosing for production line

The software tool is designed for the users in planning and carrying out energy management
and motor efficiency improvement actions. Software provides the motor chosing in three
scenarios: new purchase, repair versus replace, and replacement of existing operable motors.
Software supports motor management functions at commercial and institutional facilities,
water supply and medium-sized and large industrial facilities. Designed for utility auditors,
energy managers, and plant or consulting engineers, “Gudrais InZenieris” supports motor and
motor systems improvement planning through identifying the most efficient action for a given
repair or motor purchase decision. “Gudrais InZenieris” can be used to compute the energy
and demand savings.

The motor performance database includes the following information, when available, for each
motor:
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Fig. 4.Software “Gudrais inzenieris”

Software “Gudrais inZenieris” (fig.4.) could give such results Motor Selector: Motor Savings
Analysis, Life Cycle, Best Available. The Energy Conservation Summary Report indicates
the Energy Action date, title, type of action (motor replacement, rewind, systems
improvement or process operating hours change); and the annual energy savings (kWh/year),
instantaneous demand, reduction (kW), and annual savings.

Conclusions

The article considers the development of an intelligent algorithm of the electric motor
selection for the productive systems: the topicality of the problem and importance of the
increasing of the electric energy effective consumption is defined. The problem of electric
motors selection is actual in the design of new systems and renovation of some existed
systems as well. It is connected with the optimal selection of motors from a given data base
using multicriterial selection algorithm taking into account a huge amount of the produced
motors. The power of the motor and the controllability of the driving system are taken as a
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main criterion of the selection, that influence a lot of tasks of the production system including
also the consumption of electric energy.

In the intelligent electric motor selection, Cascade-Correlation neural network learning
methodology is used which allowes the necessary optimal selection of motors from completed
before data base. The definition of functions of production system and of object is a very
complex process; thus it should be made for precise information obtained from the
information base by learning of the neural network that has been confirmed with the
experiment.
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Kunicina N., Galkina A., Caiko J., Ribickis L. Elektrisko dzinéju izveles intelektuala algoritma izstrade
raZoSanas sistemam.

Elektrisko dzinéju un piedzinas izvéles problema ir aktudala gan jaunas razoSanas sistémas projektesand, gan
esosas sistemas renovacija. Problémas aktualitate ir saistita ar elektrodzinéju izvéli razosanas sistemam no
esosas zinasanu bazes ar daudzkriterialo izvéles algoritma palidzibu, nemot véra lielu raZotu elektrisko dzinéju
skaitu. Ka galvenais elektrodzineju izveles kritérijs tiek izmantoti dzinéja jauda un sistémas elektropiedzinas
vadibas iespéjamiba, kas liela méra ietekmé razoSanas sistémas ekspluatacijas izdevumus, tai skaitd
elektroenergijas patérinu. Elektrisko dzineju izvéle tiek izmantota Cascade-Correlation neironu tiklu apmdcibas
metode, kas Jauj no esosas zinasanu bazes pec razosanas sistemas funkcionalam prastbam atlasit nepieciesamos
elektromotorus un elektriskas piedzipas un atlasit optimalo elektroiekartu, jo neironu tiklu pielietosana [auj
efektivi un atri izdarit nepieciesamo izveli. Raksta tiek veikta elektrisko dzinéju intelektuala algoritma izstrade
razosanas sistémam: tiek definéta problémas aktualitate, un elektroenergijas izmantoSanas efektivitates
paaugstinasanas svarigums.

Kunicina N., Galkina A., Chaiko Y., Ribickis L. Development of an intelligent algorithm for electrical motor
choice for industrial systems.

The problem of the electric motors selection is important for the designing of new production systems and the
renovation of the existed systems as well. This is connected with the selection of electric motors for the
production systems from an existed data base with the help of multicriterial selection algorithm taking into
account the large amount of the produced motors. The power of the motors and control possibilities of the drive
systems are taken as the main criteria for the motors choice that significantly influence the tasks of the
productive system maintenance including the consumption of the electric energy. The intelligent selection of
electric motors applies Cascade-Correlation neural network learning method allowing the selection of the
electric motors and drives from the given data base according to the production system functional requirements
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and the optimal electric equipment as the application of the neural networks quickly and effectively performs this
choice. The article describes the development of the intelligent algorithm of the electric motors selection for the
production systems: the importance of the problem and increasing of the electric energy consumption
effectiveness are defined.

Kynuyvina H., Iankuna A., Yaiiko E., Poiouykuit JI. Boloop unmennekmyaibHoz20 31eKmpoosuzamens
nymem paspadomku anzopumma npou3600CHEEHHbIX CUCHEM.

IIpobnema svibopa snexmpodgucameneti U npueoda AKMyaibHA KAK 6 HOGbIX NPOU3BOOCMIGEHHbIX CUCTEMAX
RPOEKMUPOBAHUSL, MAK U 8 CYWYECMEYIOUUX PEHOBUPOBAHHBIX cuCmeMax. AKmyanrsHocms npodiemvl Ces3ama ¢
BbI60POM  INEKMPOOGULAMEN NPOU3BOOCMBEHHBIX CUCMEM U3 Cywecmeyloweti 6asbl ¢ NoMowbio evlbopa
MHO20KPUMEPUATLHO0 ANOPUMMA, beps 8 pacuem 6ObUOe YUCIO Npouseedennvlx dgueamenetl. Kax anasuwiil
Kpumeputi 8b100pa  dAEKMpPoOSU2amessi. UCNOLb3YIOM MOWHOCIb 08UAMENSL U BO3MONCHOCIb VYIPABICHUSA
INEKMPONPUBOId, KOMOPAsl 8 DONLULOL Mepe BaUsen HA CUCIEeMY IKCHIYAMAyuY, 6 MoM Yucie Ha nompeodienue
anexmposnepeuu. /i evibopa snekmpoogucamenei ucnoavsylom memoo odyuenus Cascade-Correlation
HeUPOHOBOU cemu, KOMOPLIll NO360Islem U3 Cyujecmeyioujell 6asvl UCNONb3Y (QYHKYUOHATbHbIE MPeDO8aAHUS.
NPOU3BOOCMEEHHOU CUCMEMbl OMOOPaAmb HeoOX00UMble 3JeKMPOMOMOPbL U INEKMPONPUBOO, d MAaKice
8bIOPAMb ONMUMATLHOE IAEKMPOOOOPYOOSaHUe, M.K. UCNONb308AHUE HEUPOHOBOU cemu O0aem 603MONCHOCb
amo coeramsv dvlcmpo u IPpexmueno. B cmamve npousseden 8blO0p 31eKmpoogusamens nymem papabomru
UHMENIEKMYAIbHO20 — ANI2OPUMMA NPOU3EOOCMEEHHBIX CUCIEM: OeUHUPOBAHA AKMYATbHOCMb NPOOIeMbl,
MAKHCE BANCHOCb ROGBIUUEHUS IPPEKMUSHOCIIU UCRONL308AHUSL ILEKMPOIHEPSUL.
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