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Abstract. The issue of increasing the reliability of relay protection devices by using
programmable logic integrated circuits (PLIC) has been considered.. The algorithm of the current
step protection is analyzed and implemented on PLIC using VHDL language. It is shown that the use
of PLIC can significantly increase the speed, reliability and noise immunity of relay protection
devices. The conclusion is made about the prospect of using PLIC to create highly reliable relay
protection systems.
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Introduction. Relay protection (RP) is designed to protect power systems and its
elements from dangerous consequences of damage and abnormal modes. Reliable RP
operation is essential for normal and reliable functioning of modern power systems.
Currently, microprocessor-based relay protection devices (MPRPD) have been
developed and are widely used. However, the practice of their application shows that
these devices have typical disadvantages of microprocessor equipment, namely:
limited reliability parameters of both hardware and software. Therefore, improving the
reliability of relay protection devices is an important and urgent task.

The use of programmable logic integrated circuit (PLIC) technology can eliminate
some MPRPD disadvantages, and first of all, replace the serial principle of information
processing with a parallel one, which allows to manifold increase the speed, reliability
and noise immunity of RP devices and systems [1].

Conducted studies have shown that implementation of RP systems on PLIC is
possible [2]. A PLIC parallel action controller was taken to practically test the RP
algorithm.

Analysis of recent research and publications.

The analysis of known publications shows that PLICs are widely used to build
digital devices of varying complexity and capabilities in various fields. However, no
mentions of using PLICs in RP devices were found.

Main research materials.

The main algorithms for the functioning of relay protection with relative
selectivity include current step protection. Current cutoff refers to overcurrent
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protection that responds to an increase in current. Its main difference from maximum
current protection [3] lies in the method of ensuring selectivity. Current step protection
is a combination of current cutoffs and maximum current protection, which allows
performing full-fledged protection with high speed. Usually, current step protection is
performed in three stages:

- 1Instantaneous cutoff - protects the initial line section;

- cutoff with time delay - used for reliable protection of the remaining line section;

- maximum current protection - performs the functions of close and remote

backing.

The controlled signal from the current transformer 74 is fed to the current relays
of the first stage KA1.1, KAI1.2, KAI.3, second stage KA2.1, KA2.2, KA2.3 and third
stage KA3.1, KA3.2, KA3.3. In case of short circuit, current relays are activated, which
generate one at the output. The signal at the output of logical elements DWI, DW2,
DW3 becomes equal to one if at least one input signal is equal to one. Elements DT/,
DT2 implement a time delay necessary to meet the requirements of protection
selectivity. KL is the output protection device, KH1, KH2, KH3 are signaling elements
(Figure. 1).

If the protection behavior is represented as a logical function T, then the tripping
condition can be written as:

T=(KAI1.1 OR KAI1.2 OR KA1.3) OR (KA2.1 OR KA2.2 OR KA2.3) AND DT1I

7 OR (KA3.1 OR KA3.2 OR KA3.3) AND D72 1 =1,
where KAI.1, KAI1.2, KA1.3, KA2.1, KA2.2, KA2.3, KA3.1, KA3.2, KA3.3 are the
logical signals at the outputs of the overcurrent protection measuring elements;

DTI 1, DT2 1 are time delay operators.
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Figure 1 - Algorithm of current step protection using logic elements
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In a very simplified version, the end product built using PLIC technology is a set
of discrete logic implemented on a single chip. The main difference is that the
"hardware" of the PLIC-based control device is determined not by the PCB routing and
a fixed set of elements and connections, but is programmatically formed from a set of
semiconductor switches. Thus, it is possible to implement control and processing logic
in a very compact semiconductor device package due to physically implemented
connections and transitions. Since PLIC technologies make it possible to implement
parallel single-cycle processing of vectors of arbitrary length, a PLIC-based device
operates much faster, and importantly, more reliably than any microprocessor device
with a traditional sequential mode of operation.

In addition, modern PLICs have another difference: thanks to the built-in
programming and configuration systems available in many PLIC types, which allow
reprogramming them directly on site without external programmers, PLIC-based
devices can be upgraded even while in permanent operation at the customer's facility.

To implement the RP device, a PLIC parallel action controller was used based on
the EPM7128SLC84 Cyclone family crystal from Altera with flash load memory. An
analog-to-digital converter (ADC) block was added to convert the input analog signals
from current (TA) and voltage (TV) transformers into digital format, as well as an
executive element that is used to disconnect the damaged network section from the
power source (Figure. 2).

FPGA - parallel action controller
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Figure 2 - Functional diagram of relay protection on a PLIC parallel action
controller

The VHDL language and Intel Quartus Prime development environment were
used to write the control program for this algorithm.

Principle of operation. The controlled signals from the current and voltage
transformers are fed to the analog-to-digital converter. Next, the digital value of voltage
and current is transmitted to the discrete inputs of the PLIC parallel action controller,
via galvanic isolation to the input pins of the PLIC chip. In the PLIC, the data is
processed according to a given algorithm (Figure. 1) and, depending on the result,
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signals are generated at the discrete outputs of the controller. In case the algorithm is
executed with critical input values, a signal is sent to the executive elements.

Conclusion. The conducted research has significantly advanced our
understanding of the feasibility of integrating current step relay protection through
Programmable Logic Integrated Circuits technologies. The findings underscore the
potential for developing highly reliable relay protection systems by leveraging the
capabilities of PLICs. The successful implementation of current step relay protection
using PLIC technologies opens up promising avenues for enhancing the efficiency and
dependability of protective systems in diverse applications.

Furthermore, the results of this study highlight the adaptability of PLICs in
addressing the intricate requirements of relay protection, demonstrating their ability to
provide intricate and responsive solutions to dynamic electrical environments.

The positive outcomes observed in this research lay a foundation for future
advancements in relay protection technology, paving the way for innovative solutions
that can withstand the evolving challenges in the realm of electrical protection. As
technology continues to progress, incorporating PLICs into relay protection systems
holds great promise for achieving unprecedented levels of reliability, efficiency, and
adaptability.

In conclusion, the study strongly supports the notion that PLIC technologies
represent a viable and promising avenue for the development of highly reliable relay
protection systems. The ongoing exploration of PLICs in the field of electrical
protection is expected to contribute significantly to the evolution of smarter, more
resilient power systems, ensuring the continuous and secure operation of critical
infrastructure.
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Anomauin. Pozensinymo numanusa ni08UWEHHs HAOIUHOCMI NPUCMPOI8 PeNelHo20 3aXUchiy
WTISIXOM 3ACMOCYB8AHHS NPO2PAMOBanux nociunux inmeepanvrux cxem (ILJIIC). Ilpoananizosaro
aneopumm cmpymogo20 CmyneHego2o saxucmy ma peanizoéarno tozo xwa IIJIIC 3 eukopucmanHuim
mosu VHDL. Iloxazano, wo 3acmocysanus IIJIIC modice 3nauno nioguwumu ueuokooiro, Ha0iluHicmo
ma 3a8a00CMitiKiCmb NPUCMPOI8 peleliHo20 3aXucmy. 3pobieHo 8UCHOB0K NPO NEePCheKMUEHICIb
suxopucmanns IIJIIC 05t cmeopents 6UCOKOHAOIUHUX CUCTNEM PEetiHO20 3aXUCT).

KJllouoei cnosa: niOBUUEeHHsT HAOTUHOCMI NPUCMPOI8 penetiHo20 3aXUCHLY, NPOSPAMOBAHI
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