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Abstract. The problem of protection of a three-phase four-wire distribution network (DEN) with a
voltage of 0.4 kV from the interruption of electric power lines is considered. On the basis of the analysis

of the values of complex resistances of interpersonal sections of the main line of the network, criteria are

proposed that allow detecting critical situations associated with discontinuities in power transmission
lines. Using these criteria makes it possible to localize the places of breaks of phase and neutral wires.

Mathematical models and methods that are used to evaluate the complex resistances of interpersonal
sections of a three-phase network are briefly considered. The obtained results are oriented for use in the
automated system of electricity control and accounting (ASMAE).

1 Introduction

At present, automated systems for monitoring and
accounting of electric power (ASMAE) are widely
implemented in automation and informatization of power
consumption processes in distribution electrical
networks (DEN) with a voltage of 0.4 kV [1-4]. The
main structural and functional elements of these systems
are data concentrators (DC), a set of electricity meters
(EM) installed at the subscribers of the network. For the
exchange of technological and service information
between the subsystems of the ASMAE in the DC and
EM there are telecommunication modules (TCM) built
using modern data transmission technologies (GSM,
Zigbee, PLC, etc.). The main functions of the DC:
operational data collection from a group of electricity
meters (EM); storage of received data; digital processing
of information to solve relevant functional problems;
information exchange with the upper level of
management. In general, it should be noted, that in the
framework of ASMAE, the tasks of commercial
metering of electricity are being solved. At the same
time, in order to increase the efficiency and intellectual
level of automated systems, it is advisable to solve such
important functional tasks as operational diagnostics of
states [5-7] and optimization of operation modes of DEN
[8-10]. Among the diagnostic tasks, it is especially
important to identify the problem of identification and
localization of breakage places of electric lines of a
three-phase distribution network. To date, a number of
approaches and tools for its solution have been
developed [7].

The paper proposes one of the possible methods for
solving it as part of ASMAE using real-time data from
electricity meters installed at the network subscribers.
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2 Method of solution

Three-phase DEN with a voltage of 04 kV is
considered, the design scheme of which is shown in the
fig.1. For convenience in the scheme, the phases A, B, C
are numbered respectively through the index variable

(k = 1,3). The remaining notations have the following
meaning: E4, Ep, E; — instantaneous phase EMF; Z,; -
is the designation of the v - th load (electric
receiver) (v= 1,n), connected to the phase with the
number k; I, U, - instantaneous current and voltage on
the load Z,.; lyk, Zy, — Instantaneous current and
resistance of the 1~th interpersonal section (IS) of the -
th phase; u,;, u, - instantaneous voltages respectively
on the v- th IS of the k-th phase and the neutral wire;
Jv,Z,- instantaneous current and resistance of the 1-th
section of the neutral wire; Uy, 115 — are instantaneous
voltages and currents, respectively, at the inputs of the
respective phases.

Further, it is assumed that the following conditions
are satisfied:

1) DEN operates in an asymmetric mode;

2) the phase and neutral wires of the network can
have different cross sections, i.e. the resistances z,;, # z,
(k= 13, v=1, n), which are a priori unknown;

3) the system uses technical means to suppress the
higher harmonic components of currents and voltages in
the network;
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Fig.1. The design scheme of a three-phase DEN.

4) from electricity meters (Em,;,) to the concentrator
(DC) via communication channels at discrete instants
t € [t tegpq] with a sampling rate Aty = tzyq — t;
(¢ = 1,2,...) the following data arrive:

e current values of currents I, and voltages U,

on loads Z,;

e power factors cos ¢, , o determined by the
phase shifts ¢, between the corresponding voltages

U, and currents [,.

Note that the electrical state of the network at time
t € [ts, tg4q] is described by the following vectors:

Ik = Ilk' IZk' ""Ink ’ Uk = Ulkl UZk' ""Unk )
' .

Uk = U Upy o Unk s Lx = o Lok oo lnk s

U= Uy,Up e, Uy , J= Julaeidn

Z = Zik» Zoks 1 Znk » LN = Z1,Z2, ., Zn , k= 1,3,

where L, Uy, Upk > Ly > Uy, Jy — are complex
representations of the corresponding electrical variables
indicated on the three-phase DEN circuit. The task is as
follows:

1) define the vectors Iy, Uy, 'y, e, U, J, Zy, Zy,
describing the electrical state of the network;

2) to identify the coordinates of the breaks of the
phase and neutral wires of DEN.

Under the condition that the DEN operates in the
normal (state) mode, the of determining the problem of
the network is solved, in particular, the interpersonal
complex currents i, for k-th phase, as well as the
resistance values 2z, of neutral wire segments. Further
on the basis of these data we make the following vectors:

* Sk ek -k
e = Uiwbk ok » Z;{, = [Zik, Z;, ey Z:I]

We note that the values of the base resistances z,,
v = 1,n, very slowly depending on the current climatic
conditions and for a sufficiently long period of time
remain practically constant, i.e z, = const.

As is known, there are two types of breaks in power
electric lines in the DEN:

1) breaks of phase lines;

2) aneutral wire breaks.

In the first case, when the wire of the g-th section of
the k-th phase is broken, the vector i, has the following
form:

e = ik loks o lg-140,0,...,0 . )
In the second case, if the wire of the n-th section of
the neutral wire is broken, the vector Zy has the
following form:
Zy =121, 23, 1 Zn—1,Zy) Zns1s = Zn)-

The analysis shows that in this case the following
relations hold for the components of the vector Zy:

Zy * Zy, (2)
v=1L1,2,.,n—-1n+1,..,n,

— *
Zy = Zy,

where z,, — is the current resistance value determined for
the considered discrete time moment ¢. Thus, second
case, when condition (2) is satisfied, the vectors Zy u Zy
are not equal, i.e.

Zy #=Zy. 3)

Obviously, in the normal operation mode of the DEN
(in the absence of line breaks), the condition Zy = Zy is
satisfied with a certain accuracy.
As a result, to localize breaks of phase and neutral
network wires, the following criteria can be formulated:
e Criterion 1: when the wire of the g-th section of the
k-th phase breaks off for the vector i, the condition
(1.
e Criterion 2: if the neutral wire n-th section is cut
off, condition (3) is fulfilled.

It should be noted that in order to identify and
localize breaks in electrical lines of DEN on the basis of
the formulated criteria, it is necessary to solve the
problem of determining the electrical state of a DEN.
Because of its complexity, the use of known methods for
calculating the three-phase network [11-14] presents
certain difficulties. In this connection, in [4, 6, 15], the
methodological and algorithmic bases of estimating the
variables and network parameters, oriented for
application in the ASMAE structure, were proposed. The
basis of this research area is the mathematical model
[15], which allows currents and voltages on the network
loads to be presented in a complex form:

Ly = Ly + jIy = L el ™k, (€]
Uye = UB +jUN. = Ue/¥ve, v=1mn, k=13, (5)

where the symbols "b" and "m" denote the real and
imaginary parts of the corresponding complex variables;
Ly, Upk, @y, Yy, — are the moduli (acting currents and
voltages) of the corresponding complex variables and
their phase shifts, respectively; j= —1 — is an
imaginary number.

The representations (4) and (5) make it possible to
determine the complex currents i,, u J,, occurring in
the interpersonal sections of the network, as well as the
corresponding voltages u,, u u, . The corresponding
models and algorithms are described in [4, 6, 15].
Knowledge of these data allows us to determine with
some accuracy the estimates of the current values of the
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components of the vector parameters
Zy = Zyg, Zogy 0 Znx and Zy = 73,7y, ..,2Z, of the
three-phase network:
Zyk = Uypk Ly V= 1,—7’1, k=13,
z,=u, J, v=1n

3 Conclusion

Implementation of the above procedures (algorithms) for
estimating the electrical state of the network is carried
out in a data concentrator (DC) in real time.

The proposed models and computational algorithms
for localizing faults of phase and neutral wires of a three-
phase distribution network based on the formulated
criteria are oriented to create special software for the
corresponding subsystem within the ASMAE system.
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