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Abstract. Currently, timely comprehensive diagnostics and analysis is the most important 

condition for the reliable operation of power autotransformers. Continuous monitoring of power 

autotransformers during the entire service life allows you to detect possible damage after a short-

circuit (emergency) situation, because during a short-circuit, the relay protection does not 

immediately turn off the autotransformer, and shock currents flow through it. windings that subject 

the elements of the autotransformer to mechanical overloads, as a result of which displacement 

and deformation of the core and winding of the autotransformer can occur.  

Two modes are considered in this article: normal mode and abnormal (emergency) modes 

of the power autotransformer at the "Yuksak" substation located in Yakkasaray district, Tashkent 

city, Uzbekistan. Diagrams of voltage and current changes on three phases of the line and three 

phases of the autotransformer, as well as information on activated protections and their response 

time were obtained. Diagrams were obtained using Ekra microprocessor panels. 

Keywords: power autotransformer, diagnostics, analysis methods, thermal imaging 

control, service life, monitoring. 

 

 Introduction 

At the moment, the most important issue has become the assessment and analysis of 

electrical equipment in the entire power system. This is due to the fact that the main fleet of power 

autotransformers are operated at the limit of their capabilities, due to an overdue service life. To 

diagnose and assess the state of power autotransformers at power stations and substations, 

monitoring is used using several software and hardware installations. Thanks to this method, 

extensive information is recorded about the parameters of power autotransformers and 

components, based on the data obtained, diagnostics and analysis of the state of the equipment are 

performed. Taking into account the cost of the power autotransformer monitoring system, which 

is approximately 10% of the cost of the power grid facility. The payback period of the system does 

not exceed 5 years, taking into account the cost reduction associated with planned and emergency 

equipment repairs. 

Despite such payback periods and low cost, the technical and material basis for installing 

this monitoring system is not available in all substations, in Uzbekistan they are not available 

outside of Tashkent. In such cases, a data analysis system can serve as a way out of the situation. 

any information available about electrical network equipment obtained during technical 

diagnostics and testing or during its operation. From year to year, one can notice how the 

approaches to the problem of ensuring the working condition of power autotransformers have 

changed: forced repairs were used, that is, repairs after a failure or any breakdowns, routine and 

condition repairs. At the moment, an individual approach to strategies for technical repair and 
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      maintenance has already been formed. Based on the production experience gained, it can be seen 

that the uninterrupted operation of power autotransformers is ensured by modern, high-quality 

maintenance in accordance with the actual state. 

The monitoring system should provide information for monitoring and adjusting operating 

modes, timely taking the necessary measures and emergency modes, analyzing emergency modes 

to reduce operating costs and predicting the technical condition of the reactor equipment. The 

purpose of a continuous condition monitoring system is to increase reliability and reduce operating 

costs.[1]. 

The monitoring system should be based on a three-level scheme. Level I includes primary 

sensors and measuring systems (sensors for temperature, oil gas content, oil moisture content, 

etc.). Level II - monitoring unit (hereinafter referred to as BM) is a set of controllers that provide 

collection and processing of signals received from primary sensors of level I. In addition, BM 

carries out information exchange with level III of the subsystem. Hardware combination of levels 

I and II is allowed. It is allowed to use one BM to monitor the condition of three single-phase 

transformers of a three-phase group. A complete list of the input information used is given in 

Section 4 of this Standard. Level III is performed in the form of a single centralized PTK for all 

transformer equipment of the substation and is intended for: - mathematical processing; - 

calculation and analytical tasks; - remote configuration and serviceability check of lower level 

equipment; - gateway functions; - communications with the upper management level (APCS), if 

these functions are not provided with APCS resources. For substations not equipped with 

automated process control systems, level III should also provide visualization of the state of 

monitored and calculated parameters of transformer equipment, display of alarm and warning 

alarm signals, accumulation of parameter databases, provision of work with accumulated archives 

and logs and transmission of information to remote upper levels of management . Communication 

between Layer II and III devices must be performed using digital channels using wired (shielded 

twisted pair) or fiber optic links. According to the standards of data exchange protocols and 

requirements for resistance to electromagnetic interference, communication channels must comply 

with the requirements of these technical requirements. [2]. 

Data were taken from the AT autotransformer of the ATDCTN type, with a capacity of 125 

MVA, it was manufactured in 1981 by the ZTZ plant number 114434. The AT was put into 

operation in 1981, the last major overhaul was carried out in 2010. The tests were carried out at 

the Yuksak substation. Passport data of the autotransformer are given in table 1. 

 Table 1. 

Rated U (kV)  Rated I (kА) 𝑈к (%) 𝐼ХХ 

(%) 

Р0 

(kVt) 

Losses short 

circuit (kVt) 

HV MV LV HV MV LV HV-

MV 

HV-

LV 

MV

-LV 

   

230 121 10,5 313 595 3464 9,97 31 19,4 0,39 95,3 302 246 235 

              

weight (Т)   
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Fig. 1. Power autotransformer PS Yuksak. 

These diagrams were obtained using special Ekra microprocessor panels, which are 

installed by the manufacturer in the power autotransformer. These EKRA microprocessor panels 

are designed to measure AC voltage and strength, frequency, active, reactive and apparent power, 

active and reactive electrical energy, DC voltage and strength, event registration, oscillography of 

processes, the formation of unified output electrical signals, the issuance of control actions on 

executive mechanisms. 

The operating principle of the terminals is based on analog-to-digital conversion of input 

signals, their digital processing and display of measurement results on an LCD display and 

transmission of measurement results via digital communication interfaces to information systems 

and higher-level control systems. Microprocessor panels are installed for protection and 

automation of a power autotransformer, as well as for the creation of local emergency control 

systems (local PA), as well as emergency control systems for modes; for recording analog and 

discrete signals during disturbances accompanying normal modes in the power system; to control 

the circuit breaker and switching devices of connection, the organization of operational interlocks, 

the collection and processing of analog and discrete information.[1]. 

 
Fig.2. Microprocessor panel Screen. 
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      This panel serves as the black box of the autotransformer, which stores data for 6-9 months. 

The data is opened using a laptop, in which a special program for reading information is installed. 

In Fig.3. a diagram of the change in current strength on phases A, B and C is presented. 

The X-axis shows the value of the current strength on phases A, B, C, and the Y-axis shows the 

value of time. There is a transition from the normal mode to the emergency mode, then again it 

goes from the emergency mode to the normal one. It can be seen from the diagram that in some 

millisecond a short circuit occurred on two phases A (blue) and C (green) there are sharp current 

surges, then after the protection was activated, the short circuit was eliminated and the abnormal 

mode switched to normal. There was no short circuit on phase B (yellow line), so the sinusoid is 

the same. 

 
Fig.3. Change in current strength on phases A, B, C. 

In Fig.4. the change in voltage on phases A, B and C is shown. The diagram shows that 

due to a short circuit that has occurred on two phases A and C, the voltage drops, this happened 

due to sharp current surges in these phases. After the accident was eliminated, the sinusoid returned 

to normal. In phase C, no short circuit was observed, the sinusoid is monotonous. 

 

 
Fig.4. Voltage change on phases A, B, C. 

According to the diagram in Fig.5. it can be seen which protection worked during the 

accident on phases A and C, namely the distance protections of the second stage. 

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

2,5

-250 -200 -150 -100 -50 0 50 100 150 200 250

Change current strength

Ia Ib Ic

-100

-50

0

50

100

-250 -200 -150 -100 -50 0 50 100 150 200 250

Voltage change

Ua Ub Uc



 

SCIENCE AND INNOVATION 
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 2 ISSUE 4 APRIL 2023 

UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ 

 63  

 

      Due to a short circuit on lines A and C, the DZ of the lines themselves worked, as a result of which 

the DZ of the first zone worked without delay, but the autotransformer did not turn off, but despite 

this, the DZ of the autotransformer felt a short circuit and therefore it was not the first DZ that 

worked instantly, but the second DZ made a start without turning off the autotransformer for 128 

ms. 

 
Fig.5. relay protection activated during a short circuit. 

Conclusion 

Based on the data obtained, this method is effective for detecting damage and short circuits. 

The advantage of this method is that it is possible to obtain data not only on the strength of current, 

voltage, and time, but it is also possible to identify the time of the actuated protection and the type 

of relay protection, it is also possible to obtain data on the voltage and current of the three phases 

of the power autotransformer and the three phases of the line . The main disadvantage is that the 

monitoring is carried out offline, the staff must come to the PS to connect the panel to a laptop and 

take the analysis. 
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