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Abstract

The article discusses the possibility of a potential reduction in the number of
operations of microprocessor relay protection of feeders of the contact net-
work of AC railways TsZA-27.5-FKS (FTS) for unknown reasons. Real statis-
tics on the number of microprocessor relay protection operations at the Bu-
ryatskaya traction substation are presented, simulation of the real train situa-
tion (in accordance with the regime maps of the throughput capacity of the
sections of the Trans-Baikal railway) was carried out in the specialized soft-
ware complex “KORTES”. Based on the results of the analysis of simulation
modeling, the process of forming a unified template of settings using neural
network technologies is considered, which characterizes only this specific regu-
lar train situation. To protect objects in the event of pre-emergency and emer-
gency modes of operation of the traction power supply system, a variant of
changing the standard operation algorithm of the TsZA-27.5-FKS (FTS) ter-
minal by introducing additional blocks for calculating the predictive func-
tions of current and voltage has been proposed.

Keywords

Automated System, Microprocessor, Relay Protection Devices, Feeder,
Traction Substation

1. Introduction

At present, the traction substations of the Zabaikalskaya Railway use micropro-
cessor-based relay protections (MRP) for overhead feeders of the AZ (m), TsZA-
27.5-FKS (FTS), InTer-27.5 brands [1] [2] [3]. Let us dwell on the TsZA-27.5-
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FKS (FTS) terminals in more detail, since the team of authors has previously

considered the possibilities of automation and integration with the main MRP

terminal of additional visualization systems and elements of “learnability” [4]

[5].

The use of modern MRP systems leads to the implementation of new promis-
ing and potential opportunities:

- Design and new approaches to the principles of building the defenses them-
selves;

- Guaranteed operation of the MRP even in the absence of some of the neces-
sary information;

- Pre-forecast of the occurrence of pre-emergency situations (according to
some parameters);

- Fundamental self-diagnostics and introspection of the operation of the MRP
modules;

- Work of MRP on more accurate digital parameters;

- Receiving, analyzing and storing data arrays received from neighboring li-
near objects of the traction power supply system;

- Automatic generation of MRP settings according to operating parameters
and the possibility of their manual adjustment.

At the same time, it is impossible not to note the structural shortcomings of
modern MRP and the problems arising during its operation:

- Uninterrupted operation and quality of functioning (strict adherence to the
temperature regime);

- Violation of the conditions of electromagnetic compatibility and noise im-
munity, especially in cases of the possibility of using super-powerful directed
electromagnetic influences;

- Overly complex and multi-level functionality of setting operating parameters
both when using the functionality of the control unit and when using the ap-
propriate automated control system (software);

- The initially high cost of the finished MRP terminal (including delivery, in-
stallation and commissioning);

- Excessive sensitivity, leading to the operation of the MRP for unknown rea-
sons;

- The overall reliability of the MRP, as a result, turns out to be practically the
same as in the case of the operation of relay protections of previous genera-
tions (electromechanical, electronic).

Analyzing the statistics of the operation of the MRP (for example, the Bu-
ryatskaya traction substation (TS)) for 2021, one can make sure that not the last
place in the total number of outages is occupied by outages for unknown reasons
(Figure 1).

Studying this issue, associated with a possible decrease in the number of out-
ages of the MRP for unknown reasons, the authors propose to consider the real
process of organizing train traffic on a specific section of the Trans-Baikal Rail-

way, using the KORTES software complex generally accepted for these purposes
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Figure 1. Distribution of the number of outages due to unknown reasons (for the period
January-September 2021) devices MRP TsZA-27.5-FKS (FTS) TS Buryatskaya.

on the Russian railway network (Complex calculations of traction power supply)
[6]. In parallel with this, the processes associated with the possible comprehen-
sive automation of the existing system of microprocessor-based protection of
feeders of the contact network of traction substations of alternating current rail-
ways TsZA-27.5-FKS (FTS) will be considered. Based on the results of the study,
options and recommendations for the modernization of existing and operating

MRP terminals of the specified type will be proposed.

2. Materials and Methods

The object of research is a typical protection and automation unit (PAU) of a
digital protection and automation device for a 27.5 kV traction network feeder
of AC railways (TsZA-27.5-FKS (FTS)).

The subject of the research is the standard algorithm for the operation of a
digital protection and automation device for a 27.5 kV feeder contact network
(FCN) (TsZA-27.5-FKS (FTS)), the improvement of which is proposed by in-
troducing additional blocks for calculating the predicted values of voltage, as
well as a neural network for the formation of unified templates that characterize
each specific train situation.

The study was carried out using the methods of statistical information processing,
simulation of the operating modes of the traction power supply system of the
railway section, neural network technologies and predictive evaluation of func-

tions.

3. Setting up the Experiment

The section of the Karymskaya—Buryatskaya—Bulak railway was chosen as an
experimental one; the studies were carried out at the Buryatskaya traction subs-

tation (TS). Calculations will be made in a specialized software package (SP)
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“KORTES” approved for use on the railway network of Russia and the countries
of the Commonwealth of Independent States (CIS) for drawing up regime maps,
carrying out traction calculations and calculating the throughput of sections [7]
[8]. The general window for controlling modules and the functionality of the SP
KORTES is presented below (Figure 2).

The result of the first stage of simulation modeling is the traction calculation
for a single freight train weighing 6000 tons, driven by the Ermak-2ES5K electric
locomotive when moving along the investigated section in an odd direction
(Figure 3).

The second stage of the study is the formation of a power supply scheme for
the traction power supply system (PSS) of the Karymskaya—Buryatskaya—Bulak
section (Figure 4), the creation of a schedule for the movement of trains (circu-
lating on this section) and the calculation of the available throughput to deter-
mine the main design parameters of the normal operation of the MRP FCN on
TS Buryatskaya. The result of simulation moderation will be the following pa-
rameters that characterize the mode of operation of the section’s STE and MRZ
TsZA-27.5-FKS (FTS):

- Voltage levels on the buses of traction substations and on the current collec-
tor of the electric locomotive;

- Consumption of active and reactive electricity for traction of trains;

- Losses of electricity in the contact network and in the traction transformers
of substations;

& KORTE'S - Control Center
Complex calculations of traction power supply.

KORTES @ VNIZHT,2002-2018
Calculations of 2*25 kV AC system

Catalog | C:\Program Files (x86)\Cortes\Example\ | = Add | Remove

Data (file type) Working file :‘j Last | New |
Plot parameters Karymskaya - Bulak
Traction load Karymskaya - Bulak
Traction load
Traffic schedule { Karymskaya - Bulak |
Plot diagram 2*25 kV Karymskaya - Bulak L]

N . By data type

Uchastk. Plot Parameters Editor o
- Official

FrLem Locomotive database —_—
Fabtri Database of standard compositions Used I

Trelk Traction calculations

EdTrel Traction Load Editor
KGrafDw Traffic Graph Editor
DbFaK2 Database of devices of the 2*25 kV system

Kabas | 2*25 KV System Circuit Editor - Completion

Select the directory, data (file) and run the necessary program

Figure 2. The main information window of the SP “KORTES” and the functionality of
the modules included in it.
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Figure 3. Results of traction calculation for a freight train with an electric locomotive of the Ermak series when moving
along the Karymskaya—Buryatskaya—Bulak section (direction of movement—odd).

- Heating temperatures of wires of FCN substations of the site;

- Heating temperatures of windings and oil in traction transformers of substa-
tions;

- Parameters limiting the bandwidth, etc. (Figure 5).

The data obtained in this way: the type of electric locomotive, the mass of the
train, its speed, the coordinate of being on the track profile at a given time, the
voltage level in the contact network and the level of current flowing in it are the
fundamental parameters (initial data) for the formation of a unified template for
the settings of the MRP Central Locomotive-27.5-FKS (FCS) for a given, specific
train situation.

Previously, the authors have already suggested using the data received by the
duty personnel of traction substations via a dedicated wired channel from the

automated system for maintaining and analyzing the schedule of the executed
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" Exit A7 e -
Exit6310 | No. 65 "% ExitNo. 67 Exit No. 69 Loiss hnye Exit No. 71

Figure 4. Power circuit of the traction power supply system of the site Karymskaya—Buryatskaya—Bulak,
created in SP “KORTES”.

The main characteristics of the working mode of the sitt KARYMSKAYA - BULAK
Calculation time, min: start 0; duration 1440; step 1.0;
Air temperature, °C 40;
The graphs of the movement of the tracks 1 are used,
Power consumption: active, kWh - 1720986; reactive, kvar * h — 969364.
losses in the traction network 26914 (1.6%);
Transformer temperature, °C 74 (additional 95° oil) BURYAT (left shoulder);
Voltage: minimum 21,90 2-way zone BULAK — BURYAT

Transformer loads of traction substations (Wa - active, Wr - reactive)
Namedsubstations | Wa, Wr, Uk.wed, | Windingtemperature. il
kWh | kVAr* kV °C temperature.
h °C
KARYMSKAYA | 299394 | -185182 | 27,50 69 65
BURYAT 169039 | -163341 | 27,86 67 65
BULAK 298898 | -109784 | 27,63 70 66
Minimum voltages on current collectors of locomotives
Substationzone Way | Ue, kV
KARYMSKAYA - BURYATSKAYA é ;}’28
1 22,07
BURYATSKAYA - BULAK 3 22,05
Electricity consumption and losses
Substations Full, Load losses in | No-load losses in
kV*A-h | transformers, transformers,
kWh kWh
KARYMSKAYA | 352036 806 1440
BURYAT 433946 865 2496
BULAK 525424 1503 1224

Figure 5. The main results of simulation in the SP “KORTES” operating modes of the
traction power supply system of the Karymskaya—Buryatskaya—Bulak section when or-
ganizing train traffic using regime cards of throughput.
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Information from the dedicated channel "GUIDE" ("CORTES")

l .

20 N
- 2 3
Input layer : Inner layer : Inner layer :
Employment of block  Train weight, t Type of electric
sites locomotive

movement of the Ural-VNIIZhT GUI [9], which also contains all the informa-
tion necessary to form the template. However, in case of temporary physical ab-
sence of this wired channel (breakage, repair work, etc.), as an alternative, you
can use simulation in the KORTES software package.

Consider the process of forming a unified template with settings for MRP
TsZA-27.5-FKS (FCS) at the moment of the current train situation described
above, based on the use of neural network technologies. The neural network (NN)
topology for a given train situation is shown in Figure 6.

The description of the developed neural network in terms of linear algebra is
carried out on the basis of binary matrices (for each layer, taking into account
the bit depth), which are easy to use and most suitable for digital processing
[10]. In order to identify the corresponding train situation during the training
and/or regular operation of the NN, it would be advisable to use the proven
SHA-2 (SHA-256) hashing algorithm that has proven itself in solving many
problems [11].

For a specific train situation, displayed in blue on the created NN, the final
settings hash code (unified template) for automated monitoring and control of
operating modes of the MRP TsZA-27.5-FKS (FTS) will have the following form
(the neural network operation process is discussed in more detail in [12]):

digest = 30ecc75187a469f76del4dc11{f40af2cd5
d254bb68c0xWEBx7647x1636262307

Such patterns fit well and characterize the normal operation modes of the PSS

section when organizing train traffic in strict accordance with the regime maps.

TS TP Signals 1=742A U=27xB Z=30 Om - 32rpan
T TET Output layer : Output layer : Output layer : Output layer :
The resulting The resulting The resulting The resulting
current, A voltage, kV module of the complex argument of complex
l l resistance, Ohms resistance, Deg /

0 015

3

Inner layer :
Power supply
and partitioning scheme

of the contact network N . N - ‘\ N
4 6 7 N 9
Inner layer : Inner layer : Inner layer: Inner layer : Inner layer :
Train speed, km/h Current value, A Voltage The value of the complex The value
value, kV esistance modulus, Ohms of the complex

resistance argument, Ohms

Figure 6. Topological diagram of a neural network for the formation of a unified template of settings for the MRP TsZA-27.5-FKS
(FTS) on the example of a specific train situation on the Karymskaya—Buryatskaya—Bulak section when organizing train traffic

using regime cards of capacity.
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Thus, for each current (unique) train situation, its own, unified template of set-
tings will be determined, the base of which will be constantly replenished and
stored on a separate personal computer (PC) by the traction substation duty per-
sonnel.

However, with a sudden change in the power supply circuit and sectioning of
the contact network of the section, when using recuperation modes, changing
the number and weight of trains, the occurrence of starting, transient currents
and short-circuit currents, etc. for detuning from operation for unknown rea-
sons, MRP TsZA-27.5-FKS (FTS), the authors propose to make some changes to
the existing typical algorithm of the terminal [2], adding an additional branch to
it (integrated between the second and third stages, but with the possibility of
removing primary information directly from the automated inputs of the MRP
terminal [12]), containing a block for galvanic isolation and preliminary scaling
of input current and voltage signals (consisting of measuring current 1 and vol-
tage transformers 2, blocks for setting control reference signals for current 3 and
voltage 4 based on circuits PLL, blocks of digital frequency filters (Fourier filters)
of the fundamental current 5 and voltage 6, blocks of registers of discrete values
of current 7 and voltage 8); a unit for determining the current and predicted
electrical parameters of the monitored current and voltage signals (consisting of
modules 9 - 14 for calculating the angular frequency, the initial phase and the
first derivative of the predictive functions of current and voltage), the accuracy
and reliability of which are evaluated in [13]; a block for determining the ampli-
tude values of the predicted current and voltage signals (consisting of modules
17 - 20 for calculating the amplitudes of the predicted current and voltage func-
tions either by the values of the first derivatives of the corresponding monitored
signals (found in the vicinity of zero marks), or by three experimental signal
points (taken near local maxima ), depending on the current phase (the choice of
the option for calculating the values of the amplitudes of the predictive functions
of current and voltage is carried out by comparison modules 15 and 16)); block
for making a decision for emergency shutdown of the protected object (consist-
ing of modules for comparing the values of the amplitudes of the predictive cur-
rent and voltage functions with the values of the settings (22, 23, 28 and 30),
time delay modules 24 and 31, modules of the registers of the values of the am-
plitudes of the predictive current functions (25) and voltage (32) for three pre-
dicted half-periods, modules for comparing the values of the amplitudes of the
predictive functions of current (26) and voltage (33) with the setting values for
two predicted half-periods). The final signal to disconnect the protected object is
generated in block 36, depending on the operation algorithm of all previous
blocks and modules (Figure 7).

The proposed branch can be automatically enabled/disabled using a software
key, which is installed in a certain place of the standard operation algorithm of
the MRP TsZA-27.5-FKS (FTS). At the same time, if the additional branch pro-
posed by the authors is connected to the work of the standard algorithm, it

works with it in parallel, without disrupting the main sequence of operations,
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L |
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_ — 1 Unitfor determining current and forecast electrical parameters of controlled current and voltage functions

| | Block for determining the amplitude values of the predicted current and voltage functions

[ ] The decision-making unit for emergency shutdown of the protected object

Figure 7. Block diagram of an additional branch proposed for integration into the standard MRP TsZA-27.5-FKS (FTS) algo-

rithm.

but performing a “tracking” function (collection, analysis and processing of pa-
rameters of controlled functions and assessment of further possible changes us-
ing the predictive method). The result of the work will be the output to the per-
sonal computer of the duty personnel of color indication (block 36, Figure 7),
according to which (including) further analysis of the emergency shutdown of
relay protection will take place.

However, this technical solution can be implemented only after obtaining
official consent to a partial change in the standard operation algorithm of stan-
dard MRP terminals by the manufacturer NIIEFA-ENERGO LLC with the in-
volvement of their specialized personnel.

4. Results of the Experiment

The result of the experiment is the developed methodology and structural dia-
gram of the proposed modernized MRP TsZA-27.5-FKS (FTS), which includes
two independent, complementary “circuits”: one of which contains automated

systems tied to the PC of the duty personnel of the traction substation (system
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on-line visualization, processing and storage (in the form of splines) of oscillo-
grams of voltages and currents flowing in the contact network [4] [14]; dedicat-
ed wired channel—the Ural-VNIIZhT GUID system [9]; SP KORTES [6]; neural
network for the formation, storage and comparison of the base of unified setting
templates corresponding to specific train situations under normal operating
modes of the traction power supply system; color indication system of emergen-
cy operation under the standard standard algorithm (in comparison with the
predictive method for estimating parameters proposed by the authors) for sub-
sequent adjustment settings in order to reduce the number of trips for unknown

reasons, and the second is an additional branch with elements of predictive

-
A
N
. Device for filtering and extracting the A |
i©) »| first harmonic based on the phase-lock = > |
loop N
’ I
[
Personal computer of the staff |
on duty at the traction
substation . 5
7 ek
I | > A | = ¢
[ Neural network ] =
| | gl :
o <8 =
| [ Database of unified templates | | = E

==

.
Software |

package |

channel

'

Device for filtering and extracting the A

first harmonic based on the phase-lock
loop

Microcontroller of the relay protection terminal
(taking into account the additional branch of forecasting electrical parameters) |

u(t) .

===

Figure 8. Schematic diagram of the integration and joint operation of the proposed automated systems,

neural networks and software as part of a typical relay protection terminal TsZA-27.5-FKS (FTS).
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analysis of changes in monitored parameters, integrated into the main operation
algorithm (Figure 8).

Thus, the proposed automated systems (indicated by blue, green and red lines)
will be responsible for online visualization, processing (auxiliary microcontrol-
ler) and storage of oscillograms of current and voltage flowing in the contact net-
work (the first part of the initial information for the formation of the initial da-
tabase of the neural network); software tools “GUID” and “KORTES”—participate
in the formation of the initial database of the neural network (as the second com-
ponent). The neural network develops a base of unified setting templates cor-
responding to each specific individual current train situation in normal operat-
ing modes of the traction power supply system, which will be stored on the PC
of the traction substation duty personnel. An additional branch with predic-
tion elements (integrated into the body of the main algorithm) programmed in-
to the microcontroller of the relay protection terminal (light green line) can be
enabled/disabled by a software key, and if enabled (via an auxiliary micropro-
cessor and a digital visualization channel), triggering/non-triggering of the up-
graded the algorithm will be confirmed by the corresponding color signaling dis-
played on the PC of the personnel on duty.

The automated systems proposed by the authors will perform a purely “track-
ing” function, as well as collect, process and store information, which will sub-
sequently form the basis for studying the reasons for MRP shutdowns for un-
known reasons in order to reduce their number. The normal operation of the

terminal will not be disturbed in any way.

5. Conclusions

For the first time, the authors obtained the possibility of creating a base of uni-
fied templates that include a symbiosis of data about each unique train situation
(train weight, type of electric locomotive, speed, train movement mode, coordi-
nate of the point of the outage that occurred, electrical parameters of the contact
network, etc.), implemented on the use of self-learning neural network technol-
ogies in relation to the dynamics of the train schedule (GUID “Ural-VNIIZhT”).

The changes proposed to the standard operation algorithm of the MRP TsZA-
27.5-FKS (FTS) will make it possible to isolate from the total number of emer-
gency shutdowns of the MRP those that are clearly attributable to unidentified
reasons. Subsequently, on the basis of the analysis and the proposed predictive
methods, it will be possible to tune out the combination of parameters that lead
to the MRP to such shutdowns.

It should be especially noted that the operation of all proposed systems will
not affect the normal operation of the MRZ terminal in any way, and the rela-
tionship between the PC of the duty personnel and the TsZA-27.5-FKS (FCS)
microcontroller will be carried out through an auxiliary microcontroller. Thus,
all the information received will be broadcast, processed and stored on this PC

and will not interfere with the normal interaction of the operator with the MRP
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terminal during its operation and maintenance [3].
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Transport Institute, a branch of Irkutsk State Transport University (ZABIZhT
IrGUPS):

- Grant No. 76-gr of February 24, 2020 “Creation and research of a useful
model of a trained microprocessor device for distance protection of overhead
line feeders™;

- Grant No. 109-gr dated 04/28/2021 “Creation and research of a useful model
of an automated microprocessor device for distance protection of overhead

line feeders with learning elements”.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-
per.

References

[1] (2020) Instructions for the Operational Maintenance of Relay Protection and Au-
tomation Devices AZm at ZabZhD. ZabNTE, Chita, 12 p. (In Russian)

[2] (n.d.) Operation Manual AB036-00-000-00RE. Digital Protection and Automation
Device for a 2 x 25 kV Traction Network Feeder TsZA-27.5-FTS. 61 p. (In Russian)

[3] (n.d.) Operation Manual AB093-00-000-00_01 OM. Intelligent Connection Ter-
minal 27.5 kV Inter-27.5-FKS. 83 p. (In Russian)

[4] Muraveiko, L.A., Vostrikov, M.V. and Tikhomirov, V.A. (2021) Method of On-Line
Visualization and Storage of Information about Currents Flowing in the Contact
Network with Reference to the Train Schedule Using the Example of Relay Protec-
tion TsZA-27.5-FTS. Young Science of Siberia, 1, 244-249. (In Russian)

[5] Sizykh, V., Daneev, A., Vostrikov, M. and Menaker, K. (2021) The Automated Sys-
tem of Unified Templates as an Element of Trainability of Microprocessor Relay
Protection Devices. Journal of Applied Mathematics and Physics, 9, 3045-3057.
https://doi.org/10.4236/jamp.2021.912197

[6] (2018) A Program Complex for Calculating Traction Power Supply Systems. Gener-
al User Manual, Control Software Module of the “KtMain” Complex, JSC “VNIIZhT”,
Moscow, 60 p. (In Russian)

[7] Radzhibaev, D.O. and Kakhramonov, Sh.N.u. (2021) Analysis of Traction Perfor-
mance of the “Ermak” Electric Locomotive (3ES5k). Young Scientist, 8, 16-19. (In
Russian)

[8] (2021) Regime Maps of the Throughput Capacity of the Sections of the Trans-Baikal
Railway. ZabNTE, Chita, 16 p. (In Russian)

[9] GUIDE “Ural-VNIIZHT” [GUIDE URAL-VNIIZHT: Help System] (gidural.ru).
http://gidural.ru/doku.php

[10] Kuzmin, O.V. and Starkov, B.A. (2016) Fractal Properties of Binary Matrices Con-
structed Using Pascal’s Triangle Arithmetic and Noise-Immune Coding. Modern
technologies, System Analysis, Modeling, 4, 138-142. (In Russian)

[11] Veselova, A.S., Gorelik, A.V., Zhuravlev, I.A., Nevarov, P.A., Orlov, A.V., Savchen-

DOI: 10.4236/jamp.2022.102037 502 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2022.102037
https://doi.org/10.4236/jamp.2021.912197
http://gidural.ru/doku.php

V. M. Viktorovich et al.

(12]

(13]

(14]

ko, P.V., Soldatov, D.V. and Taradin, N.A. (2016) Principles of Data Collection and
Processing for Calculating the Performance Indicators of Railway Automation and
Telemechanics Systems. Deposited Manuscript No. 165-B2016. (In Russian)

Sizykh, V.N., Daneev, A.V., Vostrikov, M.V. and Menaker, K.V. (2021) Automation
of Microprocessor Relay Protection Devices Based on the Use of Neural Network
Technologies. Izvestia Tula State University, Tula, 324-337. (In Russian)

Vostrikov, M.V., Menaker, K.V. and Pultyakov, A.V. (2021) Forecasting the Dy-
namics of Starting and Transient Currents in Order to Increase the Selectivity of
Microprocessor Relay Protection Devices of Contact Network Feeders. Transport of
the Urals, 1, 86-92. (In Russian) https://doi.org/10.20291/1815-9400-2021-1-86-92

Menaker, K.V, Vostrikov, M.V., Yakovlev, D.A. and Yarov, E.V. (2019) The Device
for Filtering and Separating the First Harmonic in Microprocessor-Based Relay
Protection Devices for Overhead Line Feeders Based on PLL Circuits: No.
2018134810. Patent No. 2708684 C1 Russian Federation, IPC GO1R 31/00, Appli-
cant Federal State Budgetary Educational Institution of Higher Education Irkutsk
State Transport University (FGBOU VO IrGUPS).

DOI: 10.4236/jamp.2022.102037

503 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2022.102037
https://doi.org/10.20291/1815-9400-2021-1-86-92

	Comprehensive Automation of Microprocessor Protection Relay Terminals Operated on AC Railways
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Setting up the Experiment
	4. Results of the Experiment
	5. Conclusions
	6. Confirmation
	Conflicts of Interest
	References

