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Abstract. Among the relay protections, line distance relay protections have a
large proportion. Distance relay protections have some special features
compared with the current relay protections. To study and develop technical
effect criterion for selection of distance relay protection settings (high-voltage
lines) and technical efficiency criterion for estimating this setting is main
purpose of this paper. The probability statistical algorithms are used to calculate
the above criteria. Finally base on these criteria, search and estimate effective
ways to set lines distance relay protection.
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1 Introduction

In the modern world of relay protection (RP), due to electrical networks found
metrological advances (inhibition of the currents, the configuration of the
characteristics of operating in the complex plane of the resistance, the drop voltage
negative and zero sequence on the lines), and circuit solutions almost entirely
(differential relay protection) or partially (distance relay protection). These eliminated
the refusals of work, false and excessive actions. For relay protection with the
exchange information on operation between these ends of lines, the operation
principles are spread on the principle of differential relay protection, and achieved
similar performance. However there is not small quantity class steps current and
distance relay protection (first line), in which the property is a failure for external
faults is achieved by temporary blocking system levels. These actions take place
unrecoverable loss of functioning relay protection like: refusals of work, false and
excessive actions. These actions are depending on the classification regime -switching
states of the network, the types of faults, interference, generally expressed as a
function of the selected setting [1,3,4].

The technical efficiency estimation of functioning relay protection (RP), as
differences potentially possible effect in the form of an index of faults on protected
object and losses (refusals of work, false and excessive actions) are carried to
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potential effect, is an actual problem for designing and operation relay protection of
an electric equipment and electric networks. Therefore to this question the attention
was always paid at the statistical analysis of features of relay protection work, for
example [1]. However there are problems of imposing appearance different
components of statistical data. Some data, for example, faults are mass enough, but
such events as refusals of operation relay protection, false actions at asynchronous
modes, etc. are very rare. In this connection it is wrongful to use statistical
characteristics with different reliability in interesting criteria functional. Therefore
there is an actual problem of support statistical adequacy of all components in
considered functional. This problem was solved in [2]. To present in [2] solutions of
this problem and in this article this problem is analyzed, used and developed.

2 Main Part

In this paper, the definition and the analysis criterion of technical efficiency, and also
numerator of this criterion (a difference of potential effect and losses) which is called
as technical effect for distance relay protection lines is considered. Losses can be
subdivided into three components, which are caused by refusals of equipment,
mistake servicing personnel and by functioning relay protection. In the given work
last component (functioning relay protection) is considered, which is defined by
different topology of a network, modes of sources, switching conditions, types faults,
abnormal modes, etc., i.e. Such choice is made because a number of operational
conditions can be changed the operational personnel at use of the same equipment.
Hardware refusals depend on element base of manufacturers and devices and mistake
servicing personnel depends on the qualification and psychological factors of people
[5.6.7].

Parameter resistance from a relay protection installation place on the ends of a line
to place fault is distributed on the most simple and with final concrete borders
uniform probability distribution law (PDL) on space of each line and other
components of the network. In connection with this algorithm of technical efficiency
is constructed with obligatory preservation use of the uniform probability distribution
law. This recommendation concerns all steps of distance relay protection, however
most simply and unequivocally it is realized at measurements of resistance to places
faults on a protected line. At measurement in the fault conditions on previous lines
(opposite substations departing from buses) in a direction of distance relay protection
action of network elements, it is necessary to consider feeds of place fault from the
additional sources connected to opposite substation. And at measurement fault on
previous line to the previous components, which are fixed by reserving step distance
relay protection, the account of feeds from the sources connected to opposite
substations of the previous elements is necessary considered. Under uniform law PDL
on all element of the network appears the natural requirement to convert the borders
of the stages distance protection lines in coordinate’s external (previous and adjacent)
elements. Since infeeds continuously change, borders also change continuously. For
accounting these changes in the calculation of technical efficiency, need to know the
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range of these boundaries, especially maximum and minimum values. These
boundaries can be determined by converting the captured spaces (resistance) of the
external elements through the current distribution coefficients between the protected
line and the previous lines. Expressions of criteria technical effect and its components
are given below:

1. For first zone (stage) of distance relay protection:
Ey, =p(A)=p(O},) - lnzplpmkmpi) (1)
T
2. For second zone (stage) of distance relay protection:
Ey, =p(Ay)—=p(Oy,) - Zp(H 1oi) ©)
pre
3. For back-up zone (stage) of distance relay protection:

Ex, =p(AW)+ 2 p(AL)—p(Oy,) - > p(O})

Ipi=1 Ipk=1

3
Mjp  Mipi - M jpik ( )
i
D IDNPIP JUi
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Where the lower indexes: Ne - protected line, p — previous lines (elements), pp —
previous (elements) of previous lines (elements) (Figure 1). The letter p designates
probabilities of events: A — faults on a protected line, O — operation refusals, 11 —
excessive actions;

4. Probabilities faults p(A) : for the first stage p(A},) =o,m(Ty,), for the second
stage p(Ay,) =o,m(Ty), Where o, — the flow parameter of interest fault types on
the protected lines, m(T]\L)I/I m(T;;)— average duration of detection (lock) fault

channels of the first and second stages (substantially the setting time of the first and

second stages). And for third stage p(Ay)+ D" p(A) = o,m(Ty)+ Y o, mT),

Ipi=1 Ipi=1
where o, — the flow parameter of fault types on 1pk-th line, and m(Ty), m(Tlg,I()

average duration of detection (lock) fault channels of the third stages (third stage time
setting).

5. Excessive actions of the first stage take place in the external fault 1) as a joint
action with isochronous speed protections (the first stage, the protection on the
differential principle) for faults on previous lines, 2) as refusals of the first stages on
the previous lines. Proceeding from the above, to the probability of excessive action
of the first stage of the protected line should be show below:

"P l
z p(HNl 1p1 Z [Ep(ﬂNelpi /BKlpi )p(BKlpi )+p(ON91pi /BKlpi )p(BKlpi )] “)

1pi=1 1pi=1
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Where J1, O - joint action, refusals of protection for the 1pi-th elements, BK — faults
on the 1pi-th elements.

Fig. 1. Scheme of a predetermined network
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The definition of conditional probabilities of the joint action, refusals of the
previous elements protections (first stage) are show in (5).

p(ﬂ;\@lpi /BKp) = [pmax (ﬂ;\@lpi /BKp)+ pmin (ﬂ;\@lpi /BKp )] / 2’

5
p(OLglpi /BK,) =[P (O;mpi /BK,)+ P pin (O;mpi /BK)1/2 ©)
Where maximum (max) and minimum (min) are the maximum and minimum
boundaries of the first stage (protection of the protected line) in the space of each the
previous elements. Conditional probabilities are the formulas on the basis of uniform
PDL resistance from the start of the previous element to the fault.
The unconditional probability of the external faults at 1pi-th previous elements

p(BK,,, ):mlpim(TILi) determined by the product of the flow parameter fault on the
previous line ,, and the average average duration of detection (lock) fault channels

of the first stage (protection) of the previous line m(TllIm.) .

Excessive actions of the second stage take place if the setting is selected on the
basis of sensitivity. These losses are due to the action of the second stages
isochronous protected and previous appearance of lines and areas of action the second
stage of the protected line faults in the space of the previous short lines above the
parameter response (measured resistance) range of the first stages of the lines and
within their space (the action of the second stages preceding lines), and if the second
coverage level line protected by short circuiting the space is more than the previous
line coverage will be the second stage of the lines within their area (second speed
earlier failures lines). Calculations done similar calculations for the first stage:

,

n, 1
z p(I/I_IT\f'Ql—lp[) = z [Ep(ﬂNslpi /BKlpi )p(BKlp[ )+p(ONﬁlpi / BKlp[ )p(BKIpi )] (6)

1pi=1 Ipi=1

The definition of conditional probabilities of the joint action, refusals of the
previous elements protections (second stage) are show in (7).

p(H;\I@lpi /BKp) = [pmax (H;\I@lpi /BKp)+ pmin (H;\I@lpi /BKp )] / 2’

7
p(O;\I@lpi /BKp) = [pmax (O;\I@lpi /BKp)+pmin (O;\I@lpi /BKp )] / 2’ ( )
Where maximum (max) and minimum (min) are the maximum and minimum
boundaries of the second stage (protection of the protected line) in the space of each
the previous elements. Conditional probabilities are the formulas on the basis of
uniform PDL resistance from the start of the previous element to the fault.
The unconditional probability of the external faults at 1pi-th previous elements

p(BK,, )=031pfm(T1LI,-) determined by the product of the flow parameter fault on the

previous line ,, and the average average duration of detection (lock) fault channels

of the second stage (protection) of the previous line m(Tlgl.) .
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Mechanism of excessive actions of the third stages is similar formation of
excessive action of the second stage. However, unlike the main stages in which the
same names delay stages are almost identical, in meshed networks setting time of the
back-up stages may be different: setting time of the back-up stage of considered
protected line and back-up stages of the peripheral elements may be equal or greater
than the considered back-up stage of the protected line stage. Therefore it is necessary
to consider separately these cases mentioned by the time the interaction with all
elements of the network:

M Mjni o Mjnik M Mjni ik

z z Z p(I/IIHl ]ﬂlkl) = Z Z Z [ p(HN°1jﬂ1kl /Banik )p(Banik)

Jjn=1 jni=1 jnik=1 Jjn=1 jni=1 jnik=1 (6)

+p(O_IT\If£1jnikl /BKjru’k )p(Banik )]

Algorithm and methods of calculating technical effect for setting and technical
efficiency for estimating quality setting of distance relay protection allowed
recommending: 1) setting options of second and third stages based on the sensitivity
and starting from the minimum of excessive actions; 2) setting the first stage by
optimizing the technical efficiency, taking into account all the components of losses,
setting of the first stage with an enhanced high-speed operation area. This reduces the
complexity of choosing settings, and technical efficiency of the tool allows to choose
the desired quality of the distance relay protection functioning.

A numerical results with using the developed algorithms are shown below on the
example of the calculation and analysis of distance relay protection line 220 kV
Substation Surgust — Substation Contur (Distance relay protection on side of the
substation Surgust) on one of the Russian power system. The topology of the
analyzed area is shown in Figure 2. Line pl, p2 and p3 are previous lines (the first
periphery); ppl and pp2 lines are lines of second peripheral.

The settings of the first and second stages of the distance relay protection on the
lines pl, p2, p3 are chosen by the guidelines [1,3]. For the considered Ne 1 distance
relay protection Ne,1, setting the first and second stages are based on the high
technical efficiency at the opposite end of the line Ne. The results of calculation
technical efficiency by varying the settings are presented in the tables 1 and 2.

Pim
Substation

ppl 599341406

pl 1,039+5,43

zH
z
2 1,142+j4,36 .

T2 pp2 88194271 5
_3 1,142+j4,36 ,
M) p pp3  8.819+j27,1 5
Contur Somkino Ust-Balik
Substation Substation Substation

No 3,285+j10,755

Surgust
Substation

Fig. 2. The topology of the analyzed area
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Table 1. The numerical results of technical efficiency by varying the setting of the first stage
distance relay protection Ne,1

Setting of the | p, 1 pility of | Probability of . Technical
first stage refusals excessive Technical effect efficiency (%)

(Ohm) actions

9,5 0,932-107" 0 5,093-107" 84,53

10 0,664-10™" 0 5,361-107" 88,98

10,5 0,396-107" 0 5,629-107" 93,43

11 0,128-107" 0 5,897-107" 97,88

11,238 0 0 6,025-107" 99,5

11,5 0 0,217-107" 5,808-107" 96,39

12 0 0,632-107" 5,393-107" 89,5

12,5 0 1,047-107" 4,978-107" 82,62

13 0 1,462-107" 4,563-10™" 75,74

Table 2. The numerical results of technical efficiency by varying the setting of the second stage
distance relay protection Ne,1

Setting of the Probability of Probability of Technical efficiency

second stage (Ohm) refusals excessive actions (%)
14,048 0 0 99,6

14,5 0 0 99,44

15 0 0 99,16

15,5 0 0,25-107" 96,22

16 0 0,559-107" 91,55

16,5 0 1-107" 84,9

17 0 1,44-107° 78,26

The numerical results under specific restrictions confirm derived from the
phenomenological analysis of the findings of the maximum technical efficiency and
its changes. It is evident that excessive actions in the second stage there are no set-
point until it reaches the end of the first stages of previous lines and will not begin the
second stage of action isochronous protect the protected line Ne 1 with the second
stage of the protection pl1, p21, p31 previous lines pl, p2 and p3. With these results,
may be recommending: 1) increase setting of the first stage to the resistance equal to
resistance of all line or to near this value; 2) setting of the second and third stages
with the minimum of excessive actions, proceeding from their sensitivity. Positive
values of technical efficiency, which are near to the one unit, are the highest technical
quality of distance relay protection.
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3 Conclusion

The presented technical effect and efficiency criteria analysis of line distance
protection stages allows:

1) recommending: 1) setting options of second and third stages based on the
sensitivity and starting from the minimum of excessive actions; 2) setting the first
stage by optimizing the technical efficiency, taking into account all the components of
losses, setting of the first stage with an enhanced high-speed operation area. This
reduces the complexity of choosing settings, and technical efficiency of the tool
allows you to choose the desired quality of the distance relay protection functioning.

2) Positive values of technical efficiency near to the one unit are the highest
technical quality of distance relay protection.

3) The development of the full program, which is realizing offered probabilistic
algorithm of the setting of relay protection, will allow shortening or completely
excluding the stale labor of the calculation setting value relay protection. Such
program can serve the instrument for designing, usages and adjustments of relay
protection and automatics.
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