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Introduction

Modern production with its complex technological systems, wide use of automatic control
facilities and processes monitoring is impossible without accurate operation of all engineering
resources. It requires strict observance of requirements to their reliability. However, it is obvious
that to create highly reliable technical units is senseless if corresponding reliability of their power
supply with corresponding quality indices of electric power is not provided. Construction of new
distributive networks and modernization of existing ones requires their quality estimation.

According to [1], general requirements to criterion of operation quality of complex system,
distributive electric networks including, are: objective reality reflection; estimation of efficiency,
quality and optimality; possibility of physical and abstract explanation; possibility of calculation, at
least using computer; rationing and display of "extreme" system states accounting potentially and
really possible ones; criterion should be in certain degree generalizing (characterize separate
subsystems and systems as a whole in all life cycles); criterion should be easily decomposed into
quotient and combined into summarizing indices ; criterion should have theoretical basis and allow
to develop a new theory or improve the old one ; criterion should be in possession of heuristics,
allow to make decision on basis of experience and intuition etc. For distributive network quality of
operation is determined by set of system properties substantiating its suitability to provide the
schedule of loadings of certain consumer with corresponding [2] indices of electric energy quality
[3].

Recently the process of transition to electric heating [4] that requires reconstruction of
distributive electric networks has become more rapid. In conditions of limited financial resources
needed for carrying out objective and total comparison of possible variants of electric power supply
systems realization, it is necessary while their estimation take into consideration indices which
determine power supply quality of the consumers. These indices include: reliability of power supply
system which is determined by such factors, as uninterrupted operation, reliability of elements of
the circuit, maintainability, durability, long service life, scheme configuration; quality of electric
energy, characterized by quality indices of frequency and voltage.

Modelling of functioning quality with purpose of quantitative estimation of functional
readiness of power supply system is urgent.

Analysis of dependence of functioning quality criterion estimated by criterial model, on
change of reliability indices and electric energy quality is the goal of this article.

Criterial model of operation quality of distributive electric network

In [5] the criterial model obtained as a result of combination of Markov processes theory and
criterial method is offered. General view of criterial model is:
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operation in state i (component which takes into account the reliability of the system); sz -
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index of state / efficiency (component which takes into account the quality of electric energy); x.;

— independent parameters which characterize basic properties of the system (probabilities of
conformity of quality indices of electric power to normative documents).

For estimation of operation quality of distributive electric network criterial model will have the
following form :
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Where m - total quantity of possible states of distributive electric network, m=n+k; n - quantity

of operating states; k - quantity of non-operating states; Pj[Amm <A<4,,| - probability that

quality index of electric energy quality 4 is in admissible limits if the system is in state j; 4 - value
of quality index of electric energy; v/’ - elements of matrix of transitions which are algebraic sums
of failure rates A and intensity of restorations ..

For practical calculations of operation quality £ solution of the problem concerning those
indices of electric energy quality which should and can be considered in (2) is essential.

Separate consumer cannot affect frequency in system, therefore indices of frequency quality
can be eliminated from consideration.

Probability of voltage deviation is determined by operating modes of consumers which are of
probabilistic character. Therefore accounting of this index at determination of operation quality of
distributive electric network is mandatory.

For determination of probability of voltage deviation conformity to T'OCT(State
standard)Pj[me V< Vmax] the graph 7,(¢) [6] should be constructed. The diagram of voltage
deviation change can be constructed by means of such relation:

v, - U.,U; -U, ,

U

where U, - rated voltage of considered network; U, - base value of voltage; U. - relative
value of voltage of consumption point determined by the curve U. = f (S )

As total resistance of line z, and dependence of active resistance and reactance of line r,/x,
are different for each of system states i=0,1,2, therefore the graph Vin(t) (fig. 1) should be

constructed for each of them. In the same Figure the area of admissible values of voltage deviation
in place of loading connection (shaded strip) is represented. Curve sections Vlﬂ(t) which are in

limits of admissible deviations, are effective sections , from the point of view of voltage mode
providing. Then

min —

Pl <V <V ]= 25, 3)
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where T', — time interval within which the condition V,,, <V <V, . is satisfied; 7 — number

min — max

of operating hours of power supply system within a year.
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Fig. 1. Dependence of voltage deviation in time on loading diagram

Quality estimation of distributive electric network

Let us illustrate quantitative estimation of network operation quality on example of the
scheme presented in Fig. 2. Quality estimation of this system we will carry out taking into account
voltage deviation in supply node.

L

Oh Lz

Fig. 2. Distributive electric networks

For this scheme the graph of states change will have the form shown in Fig. 3. Explanation of
states are the following:

State 1 — both lines operate;

State 2 — line L has failure, L, operates;

State 3 — line L, has failure, L; operates;

State 4 — both lines have failures.

While construction of graph it was assumed, that automatics and relay protection in this system
are ideally reliable.
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Fig. 3. System states graph

Proceeding from the graph (Fig. 3) the equations system (4) is composed which in general
view is the following:

v-p=b,
—(X1+l2) K 253 0 A 0
M ~(w+xy) 0 Wl B 0
wherev = ;p=|_"1; b=|].
A, 0 —(u2+7»1) Uy B 0
1 1 1 1 P, 1

Vil + v B +vi3 P =0,
Vo B+ VP +vy Py =0, )

V3 B+ V33 P+ vy Py =0,
B+P+P+P =1

Having solved the equations system (4) relatively P, probabilities of system operation in

corresponding states can be determined.
For considered distributive network the criterial model will have the form
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Taking into account (3) we will rewrite (5)
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We should note, that for solution of practical problems it is necessary to put not one, but two
areas of admissible values of voltage deviation - one for state i =1 and another for state i #1, thus
other area will be larger than the first one since operating norms supposes increase in borders of
voltage deviation in post- emergency modes.

The initial information for calculation of operation quality is given in Table 1. Data are
suggested for those situations: distributive network only is put into operation; network
reconstruction was carried out; network should be replaced.

Table 1
Initial data
Reliability parameters Cable line L1 Cable line L2

1. Both lines at the A (1/year) 0,0122 0,0122
beginning of operation u (1/year) 292 292

2. First line after certain 4 (Iyear) 10 0,0122
operation term u (1/year) 292 292
. A (1/year) 100 100
3. Lines are to be replaced 4 (Lyear) 700 700

Results of calculations taking into account change of probability of voltage deviation in state 1
are shown in Fig. 4. Having analyzed it we can draw a conclusion , that at reliable system change of
electric power quality practically does not influence the quality of operation (case 1). Similar
conclusion can be made and for unreliable system (case 3). For intermediate variant of reliability
(case 2) operation quality of power supply system is determined not only by reliability but also by
the quality of electric energy.
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Fig. 4. Dependence of functioning quality index on the quality of electric energy
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Fig. 5. Dependence of index of functioning quality on failure rate of line L1
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By the results of calculation shown in Fig. 5 it is possible to make conclusion concerning
change of functioning quality depending on change of failure rate A, of cable line L;. Three cases

which differ by the electric energy quality are considered:

1 — probability of conformity of voltage deviation to I'OCT(State standard) in state 1, 2 and 3
correspondingly 1; 0,98; 0,98;

2 — probability of conformity of voltage deviation to TOCT(State standard) in state 1, 2 and 3
correspondingly 0,98; 0,97; 0,97,

3 — probability of conformity of voltage deviation to I'OCT(State standard) in state 1, 2 and 3
correspondingly 0,98; 0,95; 0,95.

Conclusions

Obtained criterial model allows to estimate quantitatively functioning quality of distributive
electric network. Estimation is carried out in relation to "ideal" system, therefore comparison of
different variants of power supply systems can be made without determination of technical and
economic indices. By obtained results it is possible to carry out the project of stage-by-stage plan of
reconstruction of distributive electric networks necessary in case of transition to electric heating.
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