JARITS. 2022. Issue 33

https://doi.org/10.26160/2474-5901-2022-33-39-43

DEVELOPMENT OF A MODEL OF A MICROPROCESSOR RELAY
PROTECTION AND AUTOMATION DEVICE IN MATLAB

Baishev Yu.T., Kugusheva N.N.
Ammosov North-Eastern Federal University, Yakutsk, Russia

Keywords. microprocessor device, relay protection, matherahtimodel, algorithm, MatLab
software package.

Abstract. Within the framework of this work, the developmeht model of a microprocessor relay
protection and automation device in the MatLab wsaffe package using transformerless analog
signal input devices, as well as a discrete sigsailloscope device is presented. In addition,otesi
types of algorithms for detuning from known noisel alisturbances were tested both in analog and
discrete circuits.
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KoueBble cj10Ba: MUKPOIIPOLIECCOPHOE YCTPOHCTBO, pelieiiHas 3amuTa, MaTeMaTH4ecKast MOJeb,
anropuT™, maxet mporpamm MatLab.

AnHoTanus. B pamkax naHHoW paboThl IpeAcTaBiieHa pa3padOTKa MOJEIH MHUKPOIPOLECCOPHOTO
YCTpPOMCTBA peNeiHOi 3aluThl ¥ aBTOMAaTHKH B makere nporpamm Matlab ¢ ucnons3oBannem
OecTpaHc(OPMaTOPHBIX YCTPOWCTB BBOJA aHAJOTOBBIX CHUTHAJIOB, a TakXke YCTpOMcTBa
ocrmIorpaupoBaHys JAUCKPETHBIX CHTHaJOB. Kpome Toro, ampoOHMpOBaHbI pa3iM4YHBIC BHIBI
QITOPUTMOB 110 OTCTPOMKE OT HM3BECTHBIX IIOMEX W BO3MYLICHHMH KaKk B aHAJIOTOBBIX, TaK M B
JHCKPETHBIX LETISIX.

Introduction. The development of new approaches in the impleatient of
relay protection devices is of great importanceani{s to the use of new materials,
methods and tools that were not available at thendaf the development of
microprocessor relay protection terminals, there apportunities for advanced
research to solve a wide range of problems. Atrtleenent, the electric power
industry is experiencing the so-called digital sfammation, namely: digital
substations are being built, new types of curreaemsformers are being used, etc.
Therefore, the creation of a mock-up of a micropssor relay protection device for
the purpose of experimental testing of new appreschill make it possible to
develop more efficiently, and in the future to implent the results obtained.
Within the framework of this work, the development a model of a
microprocessor-based relay protection device usiagsformerless analog signal
input devices, as well as a discrete signal osulipe device is presented. In
addition, various types of algorithms for detunifigm known noise and
disturbances were tested both in analog and descneuits [1, 2].
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Features of the conversion of analog and discrete signals. Traditionally,
current and voltage measuring transformers are wsedecondary measuring
converters of analog input signals. The main diaathge of these passive
functional devices is the presence of conversioorgr mainly due to power losses
due to magnetization reversal and an increaseran as a result of increasing load.
Even in conditionally ideal open circuit and shontcuit conditions for voltage
transformers and current transformers, respectieetprs are not eliminated [3].

In the developed device, it is proposed to useeotirand voltage sensors
from LEM. They differ in miniature dimensions actape for installation on a
printed circuit board, but at the same time theweha sufficiently high
transformation accuracy (relative error less th&99). An LA25-NP series sensor
with a primary rated current of 5 to 25 A is usedam active measuring current
transducer. An LV25-P type sensor is used as ag®lsensor, designed to convert
level voltage from 10 to 500 V [4].

To date, a large number of conducted interferenuegpagating in the
network have been identified. One of these is img@uloise. These interferences
occur due to sufficiently large capacitances oflilenched network relative to the
ground. During lightning strikes as a result oftetving power equipment and short
circuits on the high voltage side of the networlnsients occur, accompanied by
voltage surges. In some cases, these interferaneeax short duration. However, in
addition to short-term perturbations, pulses ajéagiuration and amplitude can also
come, as a result, the existing delay is no loradpe to help in detuning from this
interference, which leads to false operation of ph&tection. The source of such
interference is DC switching of electromagnetsdosing switches (Fig. 1).
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Fig. 1. Interference when turning on/off the elestagnets of switches

Currently, protective diodes or surge suppressoesnaost widely used to
limit impulse noise in DC circuits. The protectiability of the diodes is sufficient
to cut the amplitude of long-term pulses, but wéidden voltage surges, they
quickly fail. In such cases, surge arresters havggm themselves well, having a
non-linear current-voltage characteristic and atstesponse time, which helps to
limit high-frequency interference, but at the satimee, the amplitude of these
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interferences is quite small, which leads to butnolithe surge arrester with
powerful pulses [5].

On fig. 2 (a) shows in blue the contact of the ygleotection output relay, in
red - an alternating voltage with an amplitude 50 2/. As a detuning from this
phenomenon, a delay in operation can help, howewen in this case, excessive
operation is possible, but only at the moment efdisappearance of the alternating
voltage, as shown in fig. 2 (b).
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Fig. 2. Operation of protection when exposed teralting voltage (a), reverse operation in
the event of an alternating voltage failure (b)

Based on the fact that the proposed solutions éurdng from the above
disturbances in the form of adding a delay do netigs work properly, it was
decided to develop a universal intelligent deviaghwthe possibility of flexible
detuning from all types of interference.

Device for oscillography of analog and discrete input circuits. To
implement the oscillography of discrete signalsjsmtation amplifier (Fig. 3) was
developed according to the optocoupler circuit.c8ithe signal is galvanically
isolated in this device, two parts are distingutshethe circuit: the first, powered
from the network, and the second, powered frompbweer supply of the relay
protection microprocessor. Thanks to the lineagzZeedback, the input signal is
accurately transmitted. So, this device was testken working with the current
relay RT-40. A feature of the device is the useoné multi-channel multi-digit
ADC for oscillography, due to which the dimensiaighe device are significantly
reduced.

As an algorithm for processing a discrete signakiraple algorithm for
checking the state of the signal at the input andparing it with the value at the
previous point in time can be presented, as showkig. 4. At the first moment of
time, the ADC reads the signal value and storethétn the algorithm introduces a
delay, and then compares the current signal vaitretiae previous one. As a result,
if the values match, then the protection is triggerotherwise the algorithm starts
the check from the beginning. This approach wilbwalyou to correctly tune out
from long pulses and power frequency signals ifdéky is less than 20 ms.
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Fig. 3. Isolating amplifier model on optocoUpIems implementation of oscillography of
discrete signals in the MatLab environment
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Fig. 4. Discrete signal processing algorithm

Conclusion. Thus, in the course of the work carried out, a ehoof a
microprocessor relay protection and automation agewas developed, the main
feature of which is its compactness due to the gssiog of both analog and
discrete channels by one multichannel ADC, as aglits prospects due to the use
of new approaches not only with the hardware, st &om a software point of
view. The next step in the development of the mtoje to test it in laboratory
conditions in various electromagnetic environmemtamely testing under the
influence of various interferences. In addition,edto the use of a flexibly
configured single-board computer, it is possiblexpand the functionality of the
device in the future.
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