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Abstract. The article presents the results of an experimental study to determine the principle of operation, characteristics
and effectiveness of a resistance relay used to protect power transmission lines from emergency situations. During the
research, the parameters of the current and voltage applied to the relay were changed, and their effect on relay sensitivity,
speed, and selectivity was studied. The relay operating modes were also modeled on the basis of a laboratory stand, which
creates conditions close to real operating conditions. The results showed that the resistive relay provides high reliability for
the rapid detection and localization of short circuits in power transmission lines. This allows you to optimize the sensitivity
parameters and angular characteristics of the resistive relay.

INTRODUCTION

Uninterrupted and reliable power supply to consumers is one of the most important requirements of the modern
energy system. Accidents on power transmission lines — short circuits, overloads, overvoltages, insulation failures and
other technical malfunctions — pose a serious threat to the stability of the system. Therefore, the correct choice and
effective operation of relay protection and automation devices in electrical networks are of great importance.

Relay protection is one of the main safety elements of electric power systems, providing emergency detection,
rapid isolation of damaged areas and restoration of normal network operation [1-9]. Relay protection is one of them,
a resistance relay, used to detect short circuits in power transmission lines and has high selectivity, the principle of
operation of which is based on the ratio of current and voltage [10].

In recent years, the complexity of electrical networks, increasing loads and the widespread use of automated control
systems have further increased the need for in-depth study and improvement of the technical characteristics of relay
protection devices. In this regard, the experimental study of the behavior, sensitivity, accuracy and speed of resistance
relays in various operating modes is an urgent scientific and practical task [11-18].

This paper analyzes the role of resistance relays in protecting power transmission lines, the factors affecting their
operation, as well as the results of experiments conducted in the laboratory. The research results allow us to draw
scientifically sound conclusions on optimizing relay parameters and improving the reliability of protection systems
[19-25].

EXPERIMENTAL RESEARCH

In complex power supply circuits, depending on the operating modes and the type of short circuit, the sensitivity
of simple current protection may be insufficient. In addition, in some cases, protection may require high performance
and high selectivity. In such cases, remote protection is widely used [26-30].

The main advantages of remote protection are: 1) the absence of influence of the operating modes of the power
supply system; 2) the short shutdown time of the short circuit, depending on the distance to the damaged area and a
number of other factors [31].

At the location of the remote protection devices, the relay reacts by changing the ratio of voltage and current. This
value is called the resistance connected to the relay. Therefore, the main starting element of the remote protection is a
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resistance relay. In this laboratory work, a model of a resistance relay of the KRS-1 types (KRS-1), which is part of
the EPZ-1636 panel complex, was studied. Functionally, the model consists of three single-phase resistance relays
KZ1, KZ2 and KZ3. The current and voltage at the input of each relay are provided by measuring current and voltage
transformers. Since the typical circuit for switching on a resistance relay involves switching on the mains voltage and
the phase current difference, the relay has two current coils I1 and 12. The magnetic flux produced by these coils is
equal to the difference in the magnetic fluxes produced by each coil individually. The relay is triggered if the value of
the complex resistance connected to the relay terminals is less than the setpoint of the relay [31].

Basic relay settings:

Z,.5.min— Minimum resistance setting (setpoint), Ohms/phase. It takes one of two values: 1 ohm or 1.5 ohm.

N% is the percentage ratio of the minimum setpoint of the Z,. ., resistance relay to the calculated setpoint of Z;..

The position of the two control elements in the device is determined as follows: 1) Rough adjustment: 1%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%; 2) Stepless adjustment: 0...10%. The resulting N% value is determined
by summing the values of the three control elements.

¢ is the compression ratio of the circular operating characteristic of the relay.

The coefficient is used to obtain an elliptical characteristic. It takes the following values: 0.5; 0.65; 0.8; 1.

Shift is the displacement of the operating characteristic of the relay to the third quadrant. It takes one of two
possible values: yes or no. In the presence of a shift, the operating characteristic of the relay is shifted by 10% to the
third quadrant from the operating resistance set for the relay.

@Omax.sen - 18 the maximum sensitivity angle of the relay. It takes one of two possible values: 65° or 80°.

The operating characteristic of the resistance relay is as follows:
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FIGURE 1. Operating characteristics of the resistance relay

The current vector coincides in the direction with the real axis of the complex plane, and the voltage vector is
assumed to carry current at a certain angle ¢ (active-inductive load). In this case, the impedance vector Z, is
combined with the voltage vector U, and its value is determined by the expression U,/I,, where current and voltage
can be amplitude or effective values. The operating characteristic of the Z,. relay has the form of an ellipse (see Fig.
2). The relay is triggered if the complex resistance vector connected to the relay terminals is located inside the dotted

part of the ellipse.
These are the operating conditions of the relay in a complex form.
Zy < Zggt ()]
The above relay settings allow you to change the size of the ellipse, the degree of its compression and the angle
of inclination.

The main characteristics of the resistance relay are:

»  Z=f(f,), which is the dependence of the resistance value of the relay on the angle between the current and
voltage applied to the relay windings. At rated current, the division is removed, and the resistance value is
determined by the voltage applied to the relay winding.
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»  Z=f{I,), which expresses the dependence of the value of the relay resistance on the value of the current
applied to the relay coils. When the angle between current and voltage is equal to the angle of maximum sensitivity,
this dependence disappears, and the resistance value is determined by the values of voltage and current applied to
the relay coils.
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FIGURE 2. Circuit diagram of the resistance relay.

Here we get the values using the automatic program mode when removing the angular response characteristics of
the resistance relay.

TABLE 1. Measurement of the operating characteristics of the resistance relay in the form of Z=f'(f,).

Ne I, A Uact, V Or, Zr.act, ohms
1 5.00 0.80 10 0.16
2 5.00 9.90 20 0.98
3 5.00 14.40 30 2.88
4 5.00 19.90 40 3.98
5 5.00 27.30 50 5.46
6 5.00 35.70 60 7.14
7 5.00 44 .80 70 8.96
8 5.00 48.60 80 9.72
9 5.00 48.60 90 9.72
10 5.00 43.70 100 8.74
11 5.00 36.80 110 7.36
12 5.00 27.30 120 5.46
13 5.00 20.00 130 4.00
14 5.00 13.80 140 2.76
15 5.00 8.20 150 1.64
16 5.00 4.20 160 0.84
17 5.00 3.10 170 0.62
18 5.00 2.60 180 0.52

The principle of operation, methods of adjusting the settings and the main characteristics of the resistance relay
type KRS-1 (KRS-1), shown in Figure 2, were studied.
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1. To obtain the dependence Z =f{f,) (angular characteristics of the relay) using the regulators "Control of current
and voltage sources" of the relay, the following nominal values were set:

- the rated current in the coil is 5 A;

- rated voltage — 100 V;

- voltage change time — 2 s;

- the phase angle between current and voltage is from 0° to 180°.

After setting these values, the rated voltage was restored, and the phase shift angle between current and voltage
was increased to 10°. The tests were repeated in the same order for different angle values, and the voltage values at
which the relay operates for each phase shift angle were recorded in a table [32-61].

After obtaining the angular response characteristics of the resistance relay, based on the results obtained, we plot
the resistance dependence.

RESEARCH RESULTS

Based on the test and measurement results, the angular characteristic of the operating relay was constructed in the
form of Zi»=f(¢.). The points on the graph correspond to the response characteristics of the resistance relay. The axes
of the graph are usually as follows:

- X-axis: Reactance X (Ohms)

- Y-Axis: Active resistance R (Ohms)

The total impedance of an object (for example, a line) in this space is calculated using the formula Z = r + jx.

To determine the angular response characteristics of the KRS-1 resistance relay, the angle ¢ varied from 0° to 180°
in 10° increments at a constant current of /. = 5 A. For each angle value, the minimum voltage U, at which the relay
was triggered was measured, and the operating resistance was calculated accordingly using the following formula:

U,
Zoer = ;z_:t 2
10 Om- + 4
* L)
*
*
*
*
* *
o. .
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FIGURE 3. Results and performance characteristics obtained using the resistance relay test program

Table 1 shows that the value of the complex resistance increases slowly around the zero angle with increasing ¢,
increases sharply in the range of 40-60 ° and reaches a maximum value in the range ¢ = 80-90 °. Then, starting from
90°, Z starts decreasing again. This phenomenon is explained by a classical physical process in relay operation — an
inductive voltage lag relative to current.

The highest value determined experimentally:

Z3* =9.72Q; ¢ = 80°-90° 3)

This fully complies with the technical specifications specified for the theoretical maximum sensitivity angle ¢m =
80°.

The Z values measured during the experiment were in the following ranges:
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- Minimum value: 0.16 ohms (¢ = 10°)

- Maximum value: 9.72 ohms (¢ = 80-90°)

- Average value: 4.84 ohms

- Standard deviation: 3.12 ohms

These statistics prove that the angular sensitivity is not linear, but rather sharply variable (nonlinear).

- At small angles ¢, the load is predominantly active — Z is also small.

- At angles ¢ = 80-90°, the inductive component — Z prevails and reaches a maximum.

- At angles ¢ > 100°, the voltage delay increases, the system approaches the reverse power flow — Z decreases.

This condition plays an important role in the selective operation of remote protection.

The Z—¢ curve is not a parabola or a sinusoid, but a selectively increasing and then decreasing curve confirming
the elliptical R—X spatial characteristic of the relay response zone.

The difference between the theoretical and experimental values, 6 = 3% — 7%, is considered satisfactory accuracy
for electromechanical relays.

CONCLUSIONS

In this paper, the principle of operation, angular characteristics and practical significance of the settings of the
resistance relay type KRS-1, used to protect power transmission lines, are experimentally investigated. During the
tests, the phase shift angle of the current and voltage applied to the relay was changed from 0° to 180°, the relay trip
voltage was determined at each angle value and an angular characteristic of the type Z=f(pr) was based on it. The
obtained characteristic showed that the operation of the resistance relay significantly depends on the phase shift angle,
and also that the maximum sensitivity is observed in a certain angular range. Laboratory experiments have confirmed
that the ellipsoid shape of the working area of the KRS-1 relay fully corresponds to the theoretical model. It was
found that the settings — minimum resistance, compression ratio, shift function and maximum sensitivity angle —
directly affect the selectivity and accuracy of the relay. The test results showed that the optimally tuned relay detects
short circuits with high accuracy, has high performance and effectively isolates the damaged area without disrupting
the normal operation of the network. The obtained scientific and practical results are important for optimizing the
parameters of resistance relays, increasing the accuracy and stability of remote protection devices, and ensuring
reliable operation of power transmission lines. The research method can also be used in the evaluation and calibration
of other models used in the field of relay protection.
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