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Abstract: The rapid evolution of digital technologies has significantly

transformed the electric power industry, leading to the emergence of advanced
automation systems. One of the most important innovations in this field is the transition
from conventional substations to digital substations, which rely on intelligent
electronic devices (IEDs) and microprocessor-based solutions. These systems provide
enhanced monitoring, control, and protection capabilities. This paper presents the
design and development of a modern microprocessor-based system for operational
interlocking and protection of electrical equipment in digital substations. The proposed
system is aimed at improving reliability, response speed, and safety under various
operating conditions. Special attention is given to system architecture, data modeling
based on electrical cxemes, and compliance with international standards such as IEC
61850. The results demonstrate that the implementation of such systems significantly
enhances automation efficiency and ensures stable operation of power facilities.

Keywords: digital substation, microprocessor system, protection, interlocking,
IEC 61850, automation.

Annotatsiya: Ragamli texnologiyalarning tez rivojlanishi elektr energetikasi
sanoatini sezilarli darajada o'zgartirdi va ilg‘or avtomatlashtirish tizimlarining paydo
bo'lishiga olib keldi. Bu sohadagi eng muhim yangiliklardan biri an’anaviy
podstansiyalardan ragamli podstansiyalarga o'tish bo'lib, ular aglli elektron qurilmalar

(IED) va mikroprotsessorga asoslangan yechimlarga tayanadi. Ushbu tizimlar
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yaxshilangan monitoring, boshqgarish va himoya gilish imkoniyatlarini taqdim etadi.
Ushbu maqolada ragamli podstansiyalarda elektr uskunalarini  operatsion
markazlashtirish va himoya gilish uchun zamonaviy mikroprotsessorga asoslangan
tizimni loyihalash va ishlab chigish tagdim etilgan. Taklif etilayotgan tizim turli ish
sharoitlarida ishonchlilik, javob tezligi va xavfsizligini oshirishga garatilgan. Tizim
arxitekturasiga, elektr sxemalariga asoslangan ma'lumotlarni modellashtirishga va IEC
61850 kabi xalgaro standartlarga muvofiglikka alohida e'tibor garatiladi. Natijalar
shuni ko'rsatadiki, bunday tizimlarni joriy etish avtomatlashtirish samaradorligini
sezilarli darajada oshiradi va energiya inshootlarining bargaror ishlashini ta'minlaydi.

Kalit so‘zlar: ragamli podstansiya, mikroprotsessor tizimi, himoya,
markazlashtirish, IEC 61850, avtomatlashtirish.

AnHoTamusi: beicTpoe paszBuTHe UHUQPOBBIX TEXHOJIOTUH 3HAYUTEIHHO
Hp606pa30BaJ'IO QJICKTPOIHCPICTUICCKYIO OTPAC]Ib, IIPUBCAA K ITOABJICHUIO IICPCAOBBIX
cucteM aBToMatu3anmu. OOHUM K3 BaXHEWIINX HOBOBBEICHHUN B DTOM 00JIacTHU
ABILACTCA IICPCXOoda OT TpaAUIMOHHBIX HO,Z[CTaHHI/Iﬁ K HH(i)pOBBIM IHoACTaHIIUAM,
KOTOpbIE€ HCIOJIb3YIOT HWHTEIUIEKTYaJbHbIE AJIEKTpOHHBbIE ycTporcTtBa (MOVY) un
MUKPOIPOIIECCOPHBIE PEIICHUS. ITH CHCTEMbI OOCCICUYHMBAIOT PaCIIUPCHHBIC
BO3MOKHOCTH MOHHUTOPHUHI'A, YIIPABJICHUSA U 3allIUTEI. B I[aHHOﬁ CTAaThC MPCACTABJICHBI
MPOEKTUPOBAHUE M Pa3padOTKa COBPEMEHHOW MHUKPOIPOIIECCOPHON CUCTEMBI IS
OMEpPaTUBHOM OJIOKUPOBKA M 3AIIUTHl DJEKTPOOOOPYAOBaHUS Ha IU(POBBIX
IMOACTAHIIUAX. Hpe,/i[J'IO)KCHHaH CUCTCMa HalIpaBJICHA Ha IOBLIIICHUC HAICKHOCTH,
CKOPOCTH peakUuy U 0€30MacHOCTH B Pa3IUYHBIX YCIOBUAX JKcIUTyatanuu. Ocodoe
BHUMAHHC YACJICHO apXUTCKTYPC CHUCTCMBbI, MOICIIMPOBAHUIO AJAHHBIX Ha OCHOBC
QJICKTPHUYCCKHUX CXEM M COOTBCTCTBHUIO MCXKAYHAPOAHBIM CTaHAAPTAM, TAKUM KaK IEC
61850. Pe3ynbrarThl MOKa3bIBAIOT, YTO BHEJIPEHHUE TAaKUX CHCTEM 3HAYUTEIHHO
noBbIMaeT dHPEKTUBHOCTh ABTOMATH3AIMK U OOECTICUMBACT CTAOUIIBLHYIO PabOTy
OHCProCUucCTEM.

KiroueBbie ciaoBa: mudpoBas MOACTAHINS, MUKPOIPOIIECCOPHAsl CUCTEMA,
3amuTa, 6;okupoBka, |[EC 61850, aBromartuzarus.

Introduction
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In recent years, the power engineering sector has undergone substantial
modernization due to the integration of information and communication technologies.
Traditional substations are gradually being replaced by digital ones, which utilize
advanced computing and communication infrastructures. Digital substations are built
on intelligent electronic devices that enable real-time data exchange, remote control,
and automated decision-making. These features allow operators to improve system
reliability, reduce human errors, and respond quickly to emergency situations. One of
the key challenges in such systems is ensuring effective protection and operational
interlocking of electrical equipment. Failures or incorrect switching operations can lead
to serious damage and system instability. Therefore, the development of intelligent
protection systems based on microprocessors is essential. The objective of this study is
to design a flexible and efficient protection and interlocking system that meets modern
technical requirements and supports integration into Smart Grid environments. [1, 165]

Results

Figurel. Structure of the Automated Process Control System (APCS).
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Architecture of the Proposed System
The developed system is based on a modular architecture that includes the
following main components: Intelligent electronic devices (IEDs), Communication

network, Central control unit, Monitoring and diagnostic modules. [1, 15]
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Each component performs a specific function within the system. The IEDs are
responsible for collecting data, executing protection algorithms, and sending signals to
other devices. The communication network ensures fast and reliable data exchange.
The central control unit processes incoming data and makes decisions based on
predefined logic. Additionally, diagnostic modules continuously monitor system
performance and detect faults at early stages. Such an architecture allows scalability
and flexibility, making it suitable for various types of substations. [2, 65]

Information Modeling Based on Electrical Schemes. An important aspect of
digital substations is the creation of an information model based on the electrical
scheme. This model describes all system elements and their interconnections. Each
element of the electrical system is represented as an object with specific attributes,
including: Equipment type (breaker, transformer, relay, etc.), Identification number,
Electrical parameters (voltage, current, power), Functional role, Operational status. [3,
55]

Discussion

Connections between elements are also modeled to represent both electrical and
communication links. The use of standardized data models ensures compatibility
between devices from different manufacturers and simplifies system integration. [4,
19]

Role of IEC 61850 Standard. The IEC 61850 standard plays a crucial role in the
development of digital substations. It defines communication protocols, da ta
structures, and device models. By following this standard, engineers can:

1. Ensure interoperability between equipment

2. Reduce engineering and configuration time

3. Improve data exchange speed

4. Enhance system reliability

In the proposed system, all components are designed according to IEC 61850
requirements. Logical nodes are used to represent system functions, while
communication is performed through standardized protocols.

Figure 2. Hardware structure of the microprocessor- based protection device.
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Operational Interlocking and Protection Mechanisms. Operational interlocking
Is essential to prevent incorrect switching operations. It ensures that equipment
operates only under safe conditions. The proposed system implements interlocking
logic using microprocessor-based controllers. These controllers analyze system states
and block unsafe actions automatically. Experimental Results and Analysis. To
evaluate the performance of the system, several tests were conducted under different
operating conditions. [1, 47]

Conclusion

The transition to digital substations requires advanced protection and control
systems. The microprocessor-based interlocking and protection system presented in
this paper provides an effective solution to these challenges. By utilizing modern
technologies and international standards, the system ensures safe, reliable, and efficient
operation of electrical equipment. Future research may focus on integrating artificial
intelligence for predictive maintenance and further optimization.
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