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Abstract. The article is sanctified to date issue of the day of choice of facili-
ties of defence of asynchronous motors working in the workshop electric net-
works of industrial enterprises with off-grade electric power. Possibility of
presentation of energyeconomic model of asynchronous engine is shown as
disjunction of predicates and application to them algorithms of recognition of
patterns for a decision-making. Main dignity of new model is an openness and
possibility of accumulation of knowledge about the modes of operations of
electromechanics equipment.
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Introduction. The principal ways of decrease of poor-quality electric-
ity negative impact on electric motor operation in production environment
and consequently on the efficiency of production in general are as follows:
application of “individual” LC-filters for protection of principal electric
drives; application of “sectional” poor-quality supply voltage compensating
devices on a workshop level; suppressing of supply voltage distortion in the
points of its origin. Rejection of any measures is also considered acceptable
despite insignificant engine lifetime reduction. Each of the aforesaid options
incurs certain integration cost and expected economic effect.

The known methodology for choosing of protection equipment to se-
cure an asynchronous motor (AM) [1] operating under the conditions of poor-
quality electric energy is based on its energy-economic model. The above
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methodology implements computing algorithms involving stochastic model of
linear voltage within workshop power supply network, nonlinear electro mag-
netic and thermal model of AM and economic model as well. Obtaining the
above models involves carrying out voluminous, time-consuming industrial
experiments, as well as attracting specialists from various fields of knowledge
to their processing. A separate and equally challenging task is to perform
computational optimization calculations for choosing the best way to protect
an asynchronous motor. These features of the application of the energy-
economic model are constraining factors for its widespread adoption.

The goal of this article is justification of the possibility of the above
methodology implementation in production environment based on SCADA of
Zenon system software installed on PC; and application of predicate models
and non-relational data model-oriented recognition algorithms.

Research methods and results. Taking a decision on economic vi-
ability of the choice (or refusal) of a particular protection equipment depends
on the value of several variables (input technical and economic): total har-
monic distortion K, coefficients of specific harmonic components

K, (m=7), negative sequence ratio K, , zero-sequence index K,,, protection
equipment cost C,(i =1,7), where r — is the number of different types of pro-
tection devices. Herewith, indexes X, K,,, K,, and K,, depend on objec-

tive laws of linear voltage variation within electric network and asynchronous
motor operation pattern.

The characteristics of linear voltages and asynchronous motors in real
time can be determined on the basis of the Zenon SCADA software system [2],
placed on a personal computer (Fig. 1). Control’s sensors monitor the current
values of line voltages and motor parameters connected to the controller
VIPA-314-6CG23. The connection between the programmable logic controller
and the personal computer with the software package is implemented using
the Ethernet interface. The current values of line voltages and motor parame-
ters are displayed on the PC screen and saved for further processing. More-
over, the hardware and software of the complex make it possible to simulta-
neously conduct research on all the engines working in the workshop.
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Figure 1 - Schematic structure of the system for study of electric network

and induction motors

Technical and economic values have some deviations conditioned by
either measuring precision (for technical values) or economic situation (for
costs) and are measured within certain range. This makes possible to repre-
sent energy-efficient model of IM by a sum-of-predicates form (discrete
form) [3]:

Zo| X.Cl=viVirz, [ X.C, (1)

where,

Z,[X.Cl=2 T {1+ sen (X, =X 00 (X T = X ) 1+

+2"H;:1{1+sgn|:(cj —Cﬁm)(Cj’élaX -G, ):I},

V -logic operation of disjunction.

Here: ¢ — number of loss experience categories resulting from integra-

tion of protection equipment or their clusters, A ,— number of predicates de-

termining p - range; n and r — number if technical and cost values respec-
tively; X7, X7 .C/h..Ch . - model constants.

Generation of predicates parameters and their consolidation in catego-
ries may be commenced in the course of teaching the model according to the
criterion of minimal economic losses resulting from the availability of AM
protection equipment (or their unavailability)

Ep — min, (2)
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In this case in the course of input values sampling population recogni-
tion learning it’s requisite by setting different criteria £, within the interval

+F

p.max p.min

to split factor space into two categories: M, if Eg<E, and M,, if
Eg>E,. Provided that the criteria values changes within the range

AE,=(E )/ q, , the q splitting the categories of hypersurfaces will be

—F X
p.max p.min
received, which pursuing the methodology of analytical description by means
of methods admitting splitting of the factor space into elementary subfields

may be represented by predicate equation (1). Here: AE, - permissible devia-

tion of economic losses from estimated value.

Teaching the model is performed on the basis of computing experi-
ment, structural pattern of which is shown on Fig. 2. In the course of experi-
ment, implementation control unit (ICU) generates random sequence of input
values within the prescribed limit.
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Figure 2 — Schematic structure of predicates generation model

In section “Energy Saving Pattern” calculation of economic losses in-
curred by application (abandoning) of protection equipment for electric drives
in electric networks with poor-quality electrical energy is performed. See de-
sign formula for their determination pursuing [4-6].
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Generation of predicate pattern components is commenced in section
“Education and Adaptation” pursuing [3]. Herewith the number of predicates
of completely defined predicate pattern depends upon parameters of input
variables and defined with the help of the following formula [3]:

n d
Kq = Hi:lEl_’ (3)

Here d,;Ax,— turndown and sample spacing of input value. See table 1

for data on input values parameters during the study of 7,5 kW AM operation
under the conditions of poor-quality electrical energy. As it appears from ta-
ble 1 and (3) K, =1,664-10". Computation of such number of predicates within

reasonable timeframes is rather difficult.

Table 1
AM input values parameters
No. Input value Turndown | Variation Note
range
1 Total harmonic 2-15% 0,5%
distortion
2 Specific harmonic 0-10% 0,5% First 7 harmonic

components ratio components
3 Reverse sequence ratio 0-5% 0,1%
Zero sequence ratio 0-5% 0,1%

5 Protection equipment UAH UAH 10 options of

cost 0-200000 2000 technical solution

To overcome the above problem called “curse of dimensionality” in the
course of teaching the predicate model, the algorithm of accelerated educa-
tion has been applied [7]. This algorithm allows to include untaught fields of
factor space into predicative pattern once simple criteria for two predicates of
a certain class are met:

1 2
Xumin < Xu min
X >Xx?

umax umax >

npu u=1lnmu=l’ 4)
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X2 . x - parameters of the merged fields projections, u

¥ min > <>y max

1
Xu max ?

where X!

¥ min ?

— number of factor space feature axis towards which subfields are combined.
“Predicate Model” module generates economic environment in the
form of a predicate and assigns it to p-class based on defined values of techni-
cal and economic parameters and economic damages from application of pro-
tection equipment computed with energy saving pattern involved. The num-
ber of the class is defined using the following formula:
p= entier‘Ep X AE;I‘ +1, (5)

It is also worth noting that an adaptation algorithm has been devel-
oped for predicate model which makes possible its updating to reflect expan-
sion of hardware park and its cost changes:

Zp [Y’E] - [V:Zl VlLlMp Zp,l [}’6]}\[1/&1 Zt,v [)?’Eﬂ ’ (6)
where L, and L, - is the value obtained as a result of recognition of the first

and second order controversies (respectively), A- logical operation of the
conjunction.

The first order controversy should be thought of as affiliation of a
predicate with p class though the given predicate should be referred to t class
pursuing economic losses value (as a result of technical and economic condi-
tions) and the second order controversy should be thought of as affiliation of
a predicate with t class though the given predicate should be referred to p
class.

Realization of adaptation algorithm pursuing (6) leads to gradual
structural complication of predicate model and difficulties in its real-world
application. To overcome structural complication of the model is possible by
means of application of algorithms used in “Reduction of Economic Condi-
tions Categories Description”. Reduction of categories description provides
enlargement of subareas by way of their merging with the following encoding
of the parameters of predicate equation which determines enlarged area [8].

Merging of subareas is commenced upon the fulfillment of equality
conditions in the right and left parts of the formulas in (5). Hence, the resul-
tant subarea has the minimal and maximum value of u-attribute determined
X! };X12 =max{X‘ X2 }

umin umax umax > umax

as X'

— i 1
umin — min {X

¥ min °
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It’s obvious that in the context of enlargement of subareas the transi-
tion of predicates from one category to another and consequently resolution
of the first and second order controversies is possible.

Encoding of predicate equations parameters involves determination of

their numbers on feature axis in the form of some vector B and its collapse to

some scalar by formula [6]:
K = zz(:r;+l‘)qu(2(n+r)—j)’ (7)
where b, - collapsing vector B component, matching with j - feature axis; q -

system base.
Moving from encoding figures K. to vector l?y is done by the formula

bjy = mOd([Ky / q(Z(n-H‘)_j):I) q)b.] = 19 (n + r) ¢

Determination of the best technical option of AM protection according
to predicate model is based on algorithm of recognition static optimization in
“Solutions Search” unit as follows. For current technical values z [)—(EJ is

computed starting from the first category of economic p=1, which is an
equivalent of minimal value of economic losses. If Z, [?,E]:o for all /=12,

then the second category of economic conditions should be analyzed, etc. This
procedure is performed unless some p=c and /=2, [YE] =1. Then according to

the values of the chosen predicate constants financial expenditures and con-
sequently the chosen technical option of protection are determined.

In [9] mentions that predicate equations (1) may be represented by re-
lational data model. It helps describe the processes of teaching, adaptation,
minimization and search of the optimum solutions based on single mathe-
matical apparatus o — algebra.

Taking into consideration that relational model is supported by Data
base control system this approach towards determination of optimum protec-
tion equipment for AM with regard to its operation under poor-quality elec-
tricity conditions is easy to implement in production environment.

Conclusions and acknowledgments. The analyzed approach towards
determination of optimum option of protection of electrical equipment oper-
ating under conditions of poor-quality electricity networks is possible to im-
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plement in production environment. The proposed algorithms make it possi-
ble to derive mathematical models of electrical units under research in the
form of logical sum of predicates standing for specific economic losses. Based
on predicate models it’s easy to find a range of optimal solutions for different
conditions of electric devices operation. Obtained solutions may be saved on
data store electronic component. For practical application of the obtained re-
sults it’s enough to estimate the quality of electric energy on specific enter-
prise and engine's health and afterwards, by means of data base control sys-
tem, to choose the most economically reasonable protection equipment.
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