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ABSTRACT
The relevance of the research is determined by the need to 

develop and consistently implement effective methods of the 
monitoring of the current technical condition of power transformer 
substations within the railway system of the Republic of 
Kazakhstan. The methodological approach in this research is 
based on combination of methods of system analysis of currently 
existing approaches to monitoring the current technical condition 
of power transformers using acoustic diagnostic methods with an 
analytical study of the fundamental possibilities of carrying out 
these operations within the railway system of the Republic of 
Kazakhstan. 

During the experimental part of the study, acoustic sensors of 
partial discharges showed high efficiency in detecting partial 
discharges on the surface of the insulating layer of equipment of 
power transformer substations. This equipment, when using the 
acoustic emission testing method, demonstrated high performance.

Good results were also shown by the acoustic control method, 
since the promptitude of control and the possibility of taking readings 
without interrupting power voltage supply make it possible to reduce 
time of the experiment while obtaining high-precision results, to 
determine the causes of faults on the surface of the insulating layer 
of power transformers and to localise areas of occurrence of such 
defect most accurately. 

Several proposals have been made on the role that the 
acoustic control method could play in the overall system for 
organising the inspection of the technical condition, operation, and 
repair of the electrical power equipment.

The results obtained indicate availability of various options for 
using acoustic emission testing methods and also confirm the need 
for their further improvement to achieve high quality of control of 
technical condition and functioning of railway power transformer 
substations. 

Keywords: power transformer substations, train traction, railway rolling stock, acoustic diagnostics, acoustic emission testing, railway 
industry of the Republic of Kazakhstan, control of the technical condition.

For citation: Erkebaev, A. Zh. Control of the Technical Condition of Power Transformers by Acoustic Diagnostics. World of Transport 
and Transportation, 2022, Vol. 20, Iss. 1 (98), pp. 149–157. DOI: https://doi.org/10.30932/1992-3252-2022-20-1-2.

The text of the article originally written in Russian is published in the first part of the issue. 
Текст статьи на русском языке публикуется в первой части данного выпуска.

© Erkebaev, A. Zh., 2022• 



150
INTRODUCTION

Modern transformer stations are important 
for ensuring train traction within the system 
of electrified railways, for safe operational use 
of electric power equipment . This issue is quite 
relevant for the railway transport system of the 
Republic of Kazakhstan as well .

Most common and practically effective 
methods for monitoring the technical condition 
of power transformers comprise the method of 
acoustic emission testing, which involves 
location and point detection of the level of 
distributed sound discharges . Such discharges 
are those, shunting only a certain section of 
the insulating coating of a power transformer . 
They indicate the presence of local defects that 
require timely elimination . These can be 
weakening of the insulating coating due to 
formation of gas cavities, as well as to the 
appearance of sharp edges of metal structures 
[1] . Gas inclusions are weakened areas, 
regardless of the consistency of the insulating 
coating (solid or liquid), the weakening of 
which occurs due to a mismatch in the values 
of dielectric constant (permittivity) of the gas, 
as well as due to high electric field strength 
(intensity) that occurs in the inclusions, and 
which are several times higher than similar 
values at other points of the insulating coating . 
One should also consider the fact that the 
electric density index of a gas is significantly 
less than that of solid and liquid dielectrics . 
The occurrence of the described partial 
discharges is also possible in the immediate 
vicinity of the sharp edges of the electrodes, 
in the areas where the electric field strength 
increases significantly [2] .

The need for timely monitoring of the 
technical condition of power transformers by 
acoustic diagnostics is largely due to frequent 
damage to the insulating coating of power 
transformers, which occurs due to frequent 
discharges in oil layers that are in direct contact 
with solid insulation . In such situations, stable 
conductive traces appear on the surface of 
a hard insulating coating . In such areas, due to 
the occurrence of excessive overvoltage, as 
well as ща operating voltages, surface-type 
discharges may occur, the development of 
which occurs continuously and ends with 
a breakdown of the insulating coating [3] . This 
indicates that  part ial  discharges carry 
significant damage for the insulation of power 
transformers, due to the high probability of 

destruction of the insulating coating in certain 
areas and development of breakdowns in 
insulation gaps .

Technical personnel, whose direct duties 
include maintenance of power transformer 
substations, are forced to directly face the 
problems of breakdowns in the insulating 
coating, as well as the appearance of partial 
discharges in the insulating layer, at high and 
ultra-high voltage values in substation lines . 
This explains the need for timely and high-
quality monitoring of the technical condition 
of power transformers by the method of 
acoustic diagnostics to prevent insulation 
breakdowns and ensure the uninterrupted 
operation of power transformer substations [4] .

The current situation necessitates research, 
the main tasks of which are: assessment of the 
technical  condi t ion of  modern power 
transformer substations that are used within 
the railway transport system of the Republic 
of Kazakhstan with an emphasis on identifying 
current problems in the technical condition of 
oil-filled equipment, performed during 
monitoring of partial discharges; development 
and implementation of acoustic measurement 
techniques intended for the diagnosis and 
analysis of partial discharges on the insulating 
coating of transformer substations, as well as 
for determining the specific location of 
transformer insulation defects; conducting 
scientific experiments aimed at studying the 
existing methods of monitoring of the existing 
equipment of power transformer substations .

The problem of existing research on the 
issues of monitoring the current technical 
condition of transformer substations is the lack 
of detailed and reliable, practically verified 
scientific developments using acoustic 
techniques of diagnosis of the technical 
condition of power transformers [5] . This work 
intends wherever possible to fill a certain gap 
in the study of the topic of using acoustic 
diagnostic techniques to solve problematic 
issues related to monitoring the technical 
condition of equipment of power transformer 
substations . The study used information 
obtained experimentally when conducting 
specific scientific experiments .

MATERIALS AND METHODS
The basis of the methodology of this 

research is a combination of methods of system 
analysis of currently used approaches to 
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monitoring the current technical condition of 
power transformers using acoustic diagnostic 
methods, with an analytical study of the 
fundamental possibilities for carrying out these 
operations within the railway system of the 
Republic of Kazakhstan .

The theoretical basis of the research 
includes available publications of domestic 
and foreign researchers devoted to various 
theoretical aspects of developing fundamentals 
and creating methods for monitoring the 
technical condition of power transformers by 
acoustic diagnostics .

During the study, the following sequence 
of stages of the work performed was established .

The first stage included theoretical study 
of available scientific publications devoted to 
research on the concept of acoustic diagnostics, 
as well as on the monitoring of the technical 
condition of power transformers using these 
techniques . The theoretical study preceded 
a systematic analysis of currently existing 
approaches to monitoring the current technical 
condition of power transformers using acoustic 
diagnostic technology, which was also 
consistently performed at this stage of the 
research work .

The next stage comprised an analytical 
study of the features of monitoring of the 
technical condition of power substations by 
the method of acoustic diagnostics within the 
railway system of the Republic of Kazakhstan . 
Besides, this stage of the research concerned 
an analytical comparison of the obtained 
preliminary results with the results of research 
by other scientists, who had also studied the 
possibilities of monitoring the technical 
condition of transformer substation equipment 
through the practical application of the 
acoustic diagnostics method . This ensured the 
quite objective perception of the results 
obtained in the context of their subsequent 
implementation for solving specific problems 
arising during operation of transformer 
substations within the railway sector of 
a particular state .

At the final stage, the results obtained 
earlier allowed to formulate final conclusions .

RESULTS AND DISCUSSION
Completing the tasks of the research 

comprised conduct of experimental studies 
involving the placement of acoustic-type 
sensors on several transformers used as the 

object of experimental study . «AC-Sensor» 
acoustic discharge sensors were used, designed 
for contact registration of partial discharge 
pulses on the surface of insulation and power 
equipment of transformer substations .

The methodology implied the following 
sequence of the study:

1 . «AC-Sensor» which allows tracing the 
occurrence of partial discharges within the 
system, as well as characteristic acoustic 
impulses is attached to the device that records 
the level of partial discharges on the surface 
of the insulating layer of the power transformer . 
In case if it is possible to detect an area of 
partial discharges, several acoustic sensors of 
the specified type are located sequentially at 
a strictly defined distance from each other . The 
received acoustic signals are recorded and 
a clear sequence is built based on the received 
data .

2 . The maximum allowable threshold value 
of the acoustic signal is experimentally 
determined, which can be further used for 
subsequent studies .

3 . The threshold values of the settings are 
built directly in the areas of detection of partial 
discharges, the parameters of interference that 
occur when the signal level exceeds the 
specified threshold value are built as well . All 
these values are determined by the type of 
transformers and are calculated directly during 
the experiment based on specific initial data .

4 . All measurements are taken within 
a predetermined period .

The distribution of the detected damage to 
the insulating layer of power transformers was 
carried out directly by the classes of voltages 
characteristic of transformers of a certain class . 
The data obtained during this distribution are 
presented in Table 1 .

Based on the results obtained in the course 
of the study using «AC-Sensor» acoustic 
sensors, a graphical dependence of partial 
discharge pulses on acoustic pulses that occur 
when sensors are placed on the surface of the 
insulating layer is plotted . The data is presented 
for two transformers with different voltage 
classes: 220 kV and 500 kV . A graphical 
dependence of this kind is shown in Pic . 1 .

As can be seen from the data presented in 
Pic . 1, a uniform increase in the dependence 
of the indicators under consideration takes 
place in the case of the practical use of power 
transformers with a voltage class of at least 
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500 kV . When using power transformers with 
parameters of other voltage classes, there is 
practically no systematic development of the 
dependence of partial discharge pulses on 
acoustic pulses that occur when sensors are 
placed on the surface of the insulating layer, 
which in some cases may indicate a high 
probability of breakdowns of the insulating 
layer of the power transformer and the 
emergence of an accident [6] . Besides, there 
are significant differences in the dependence 
of the studied parameters in a number of cases, 
which may indicate violations of the operational 
use of power transformers and problems with 
the quality of the material of the insulating 
layer, which extremely negatively affects the 
general condition of power transformer 
substations in the context of the prospects for 
their practical use in the future wihin the 
railway transport system of Kazakhstan .

Methods for detection of partial discharges 
and their measurement are fundamental from 
the point of view of studying the prospects for 
monitoring the technical condition of the 
equipment of power transformer substations . 
Pic . 2 shows the main methods for monitoring 
partial discharges and their detection in the 
context of the prospects for their use for 
monitoring the technical condition of power 
railway substations . The acoustic control 
methods presented in this chart are the main 
ones in the context of the research and are the 
most promising ones in terms of the possibility 
of carrying out high-quality control of the 
technical condition of power transformers, 
without interrupting their operation and 
turning them off to perform the necessary 
study .

Acoustic methods for detecting partial 
discharges involve searching and successively 

Pic. 1. Dependence of partial discharge pulses on acoustic pulses arising when sensors are placed on the surface of the insulating layer 
[compiled by the author].

Table 1
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Damage 42 28 34 15 6 1 5
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detecting, as well as measuring the magnitude 
of oscillations caused by partial discharges . 
The high frequency of such sound vibrations 
can only be determined using special recording 
equipment . In addition, the time and place of 
occurrence of such a discharge, as well as its 
power, are determined . In the future, the use 
of special equipment for recording changes in 
the amplitude of sound vibrations can be 
essential for obtaining high-precision results 
that reflect the real possibilities of using 
acoustic methods for detecting partial 
discharges .

For practical use of each method, it is 
assumed to use sensors of various kinds, which 
basically use the principles of the transformation 
of acoustic and electromagnetic oscillations in 
a certain frequency range: microwave, high 
frequency, medium frequency, and low 
frequency . The range of these sensors can vary 
significantly depending on the type of 
transformer equipment and the features of its 
insulating layer . Also, when choosing a method 
and type of measurement, it is necessary to 
consider the tasks to be solved and the 
parameters of the electric power transformer 
unit of the railway transport facility . To 
determine the parameters of frequency 
discharges over short distances, microwave 
sensors demonstrate high efficiency . Moreover, 
they are very compact and can be easily placed 
in the internal space of power units, such as 
the stator of an electric motor .

Particular attention when recording partial 
discharges in the insulating coating of power 
transformers should be given to discharges of 
this kind that occur in oil layers that come into 
direct contact with solid-type insulation . In 
such cases, as a rule, damage to the solid 
insulating layer cannot be avoided, which 
implies the need for subsequent repair work to 
restore the damaged insulating coating . This 
causes a significant danger posed by partial 

discharges for electric power equipment, in the 
context of the possibility of its rapid destruction 
in certain areas and the occurrence of 
breakdowns of the insulating layer .

To avoid the occurrence of such a situation, 
it is necessary to implement a set of measures, 
in general, focused on:

• Monitoring of partial discharges to form 
a qualitative assessment of the technical 
condition of oil layers of the equipment of 
power transformer substations, as well as to 
assess the possibility of breaking the solid 
insulation layer due to the effect of partial 
discharges on oil layers .

•  Implementat ion of  equipment for 
diagnosing and analysing the magnitude of 
partial discharges and formation of defective 
areas in the insulating coating of power 
transformers on an industrial scale .

• Carrying out scientific experiments in the 
field of diagnosing the current technical 
condi t ion of  the  equipment  of  power 
transformer substations and ensuring their 
subsequen t  un in t e r rup t ed  ope ra t i on , 
considering the possibility of destruction of 
the insulating layer .

The prospects for development of the 
railway system of the Republic of Kazakhstan 
are largely built on the high-quality work of 
electric power equipment, and in this context, 
the issues of monitoring the technical condition 
of power transformers by acoustic diagnostic 
methods play a crucial role, since they allow 
maintaining the functioning of all equipment 
of transformer substations at the proper level 
for a long period of time without carrying out 
major repairs and ensuring high-quality 
maintenance of equipment of transformer 
substations and timely detection of all possible 
failures in operational use .

Over the past few decades, the energy 
departments of individual enterprises of the 
railway industry and the energy sector of the 

Pic. 2. Methods of control of partial discharges and their detection [compiled by the author].

•  •  World of Transport and Transportation, 2022, Vol. 20, Iss. 1 (98), pp. 149−157 

Erkebaev, Aibek Zh. Control of the Technical Condition of Power Transformers by Acoustic 
Diagnostics



154
economy of Kazakhstan as a whole, have 
gradually begun to adopt tendencies towards 
a consistent transition from the practice of 
carrying out scheduled repairs, designed to 
prevent the occurrence of malfunctions of the 
electrical equipment of the railway transport 
and prevent the occurrence of problems in the 
energy system of the railway rolling stock, to 
identification and elimination of real errors in 
the technical condition of electrical equipment, 
which is mainly practiced in countries with 
developed economies and a well-functioning 
railway transport system . This state of affairs 
involves development and implementation of 
a set of methods for the timely diagnosis of the 
state of electrical equipment [7] .

The uninterrupted operation of power 
transformers should be considered a factor that 
largely determines safety of operation of 
industrial enterprises, as well as the reliability 
and quality of the supply of electrical energy 
to organisations belonging to various economic 
sectors . The high-quality functioning of power 
transformers ensures the coordination of the 
operation of transformer substations with the 
system, as well as the transformation of 
a whole list of electricity parameters into those 
necessary for  i ts  subsequent  pract ical 
application . A significant level of wear and tear 
of transformer equipment creates a potential 
hazard for both end users and personnel whose 
direct duties include servicing transformer 
substation equipment and monitoring their 
technical condition [8] .

The energy security of rail industry 
enterprises using power transformers, which 
largely determine quality of power supply and 
reliability of operation of the entire power 
system of  ra i lway t ranspor t ,  requires 
establishment of a clear system for monitoring 
the technical condition of power transformers, 
through the use of various control methods, 
one of which is the method of acoustic 
diagnostics [9] . The use of transformers is 
risky in itself, and the high degree of risk of 
such use represents a significant danger both 
for the end consumers of electrical energy and 
for the maintenance personnel of transformer 
substations .

The introduction of diagnostic equipment 
into the practices of monitoring the condition 
o f  t r a n s f o r m e r  s u b s t a t i o n s  i n v o l v e s 
development of a series of preparatory 
measures aimed at obtaining information on 

current key issues: identifying the total number 
of power transformers with an expired service 
life that are capable of provoking an increased 
number of failures during their further use; the 
current quality of monitoring of the functioning 
of power transformer substations;  detected 
cases of violation of the principles of operation 
of power transformer substations, in accordance 
with the provisions of state industry standards; 
the possibility of a gradual transition from the 
practice of carrying out scheduled repairs to 
repairs based on real problems of the technical 
condition of transformer equipment [10] . At 
the same time, it should be considered that 
operation of transformer equipment after the 
expiration of its warranty period is a generally 
accepted practice throughout the world, even 
though without taking appropriate measures to 
prevent and avoid accidents, it is associated 
with considerable dangers for the equipment 
of transformer substations . Another important 
aspect is the practical impossibility of replacing 
a large amount of transformer equipment in 
a short time; in addition, it is unprofitable from 
an economic point of view .

In modern economic realities, development 
and practical application of methods for 
monitoring the technical  condit ion of 
equipment of power transformer substations 
are among the main tasks of the technical 
control services of enterprises using equipment 
of this kind in their practical activities . 
Unscheduled shutdowns of power transformer 
substations, which occur due to an emergency 
failure of transformer equipment, lead to 
significant material losses, and in some cases 
can result in unpredictable consequences [11] . 
In this context, the tasks of timely monitoring 
of the state of power transformers used in the 
railway industry are of particular importance, 
since they are inextricably linked with quality 
of functioning of railway rolling stock and 
contribute to an increase in the overall level of 
safety of the railway industry .

Over the past two decades, to diagnose the 
technical condition of power transformers, the 
method of registering partial discharges in 
high-voltage equipment of power systems has 
been used . Such a technique has shown high 
efficiency being directly used by various 
industries, including the railway transport 
system, thanks to the high results obtained . 
Besides, good results were achieved using the 
method of identifying zones of electromagnetic 
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activity, which was used exclusively on the 
surface of the transformer and involved the 
installation of measurement sensors on this 
surface, as well as of other measuring devices . 
Such measures made it possible to formulate 
a full-fledged conclusion regarding the 
technical condition of the power transformer 
assembly, in which defects, problems of the 
insulating layer, malfunctioning of the barriers 
and of the arc of the magnetic circuit, the 
appearance of sparks, etc ., were found [12] . 
Information of this kind, along with data on 
the types of the discharge phenomenon taking 
place and its location, can be identified with 
the design features of both the transformer 
itself and its active part . Thus, performance 
reliability indicators can be predicted with 
a high degree of certainty since the conclusion 
regarding the possibility of further operation 
is formed based not on just general estimates 
of the characteristics of partial discharges but 
considering their exact location . In this 
context, it should be noted that the appearance 
of partial discharges in the places of fastening 
of the magnetic circuits of transformers is not 
of significant importance, since small values 
of partial discharges in the coiled insulation 
cannot cause significant damage to the 
structure .

Constant monitoring of the current technical 
condi t ion of  the  equipment  of  power 
transformer substations of the railway transport 
system is one of the main tasks of the modern 
system for ensuring the energy security of the 
specified transport system . In this context, the 
control of the technical condition of power 
transformers by acoustic sounding seems to be 
one of the most favourable methods for 
ensuring the uninterrupted operation of the 
transport energy system, considering the 
peculiarities of functioning of railway transport 
under the modern economic conditions . In 
general, it is the high-quality and reliable 
operation of power transformers that is 
a necessary condition for consistent conversion 
of a series of energy parameters into the values 
necessary for the further use of electrical 
energy . At the same time, it is imperative to 
consider the degree of risk of using the 
equipment of transformer substations, since 
violations of the operating conditions of power 
transformer equipment can cause significant 
problems for both maintenance personnel and 
end consumers of electrical energy [13] .

Modern equipment of power transformer 
substations, which are used in various nodes 
and facilities of the railway transport system, 
requires regular quality control of the technical 
condition of power transformer substations 
using the most modern diagnostic methods . 
The parallel use of various methods for 
diagnosing the technical condition of power 
transformer equipment makes it possible to 
obtain optimal results when comparing the 
effect of using several diagnostic methods, as 
well as to select the optimal control method 
based on the realities of the current situation . 
In addition, diagnostics of the state of 
transformer equipment is necessary for timely 
detection of defects that can have detrimental 
consequences from the point of view of safety 
of operation of power transformer substation 
equipment .  In this context,  during the 
diagnostics and after its completion, special 
attention should be paid to organisation of 
high-quality repairs and elimination of 
detected defects, which subsequently will 
ensure full functioning of power transformer 
substations for a long time [14] .

At the same time, the system of monitoring 
of the technical condition of power transformer 
substations increases the efficiency of the 
functioning of power transformers of railway 
transport facilities, since the frequency of 
checks, combined with their quality and 
focused character, allows preventing the 
occurrence of damage and other design defects, 
which eliminates the subsequent occurrence 
and development of problem situations, 
associated with violations of the rules for the 
operation of transformer equipment . In this 
context,  i t  should be noted that power 
transformers belong to the group of electrical 
equipment with the highest frequency of 
damage [15] . Studies conducted at different 
times have demonstrated that high-voltage 
transformer bushings are characterized by the 
greatest damageability, since they account for 
about 22 % of all damages, while windings 
account for approximately 16 %, and on-load 
tap changers (OLTC, intended for voltage 
regulation at load) account for 13,5 % . It is 
noted that such damage occurs with the same 
frequency in transformers with different 
service life, while in relation to transformers 
with a service life of 10 to 30 years, it is true 
that they have the highest frequency of failure 
of the on-load tap-changer equipment . It was 
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also noted that after 10 years of operation of 
power transformer substations, the frequency 
of damage to high-voltage bushings increases . 
In this case, one should take into account the 
fact that the most significant problem of power 
transformers, leading to disruption of their 
operation, sometimes for a long time, is a short 
circuit [16] . According to the analytical 
information received, damage to the windings 
of power transformers leads to short circuits 
in 80 % of all cases of violations and of the 
total number of damages to transformer 
windings, damage to high-voltage inputs – in 
up to 89 % of all cases, failure of the on-load 
tap changer – in up to 25 % of all cases, while 
damage to other nodes, as well as errors during 
installation, various situations that arise during 
the operation of equipment and its repair 
together give up to 36 % of all cases of short 
circuits [17] .

Carrying out high-quality diagnostics of 
the current technical condition of power 
transformers used at various railway facilities 
often requires the use of special devices, as 
well as additional methods for locating 
electromagnetic activity zones on the surface 
of the transformer . The set of methods used to 
ensure high quality of checking the technical 
condition of power transformers, involving the 
use of acoustic diagnostic techniques and 
related ones, provides a wide variability of 
monitoring data, that provides possibility to 
obtain a complete picture of the current state 
of the power supply system of various railway 
transport facilities and of the prospects for 
development of the industry in the future [18] .

Maintaining the high quality of work on 
diagnosing the state of electrical equipment and 
ensuring a high level of work on prevention of 
breakdowns of power transformers during 
operation is facilitated by special experimental 
studies aimed at establishing the relationship 
between the technical condition of transformer 
substations and quality of functioning of the 
energy system of railway transport as a whole 
[19] . The conduct of research of this kind makes 
it possible to assess the quality of work of 
transformer substations and to form a set of 
measures aimed at improving the functioning of 
transformer substations, considering the need for 
repair and recovery work in case of breakdowns 
of the main equipment of power lines . In this 
case, repair and recovery work should be carried 
out considering the features of specific types of 

transformers and the degree of breakdowns, and 
the quality of repair of equipment of power 
transformer substations is closely related to the 
efficiency of determining the causes of 
breakdowns in electrical equipment, as well as 
the time of their detection [20] .

Thus, the issues of monitoring the technical 
condition of power transformers by the method 
of acoustic diagnostics require a detailed study 
to form a qualitative understanding of the 
issues of ensuring energy security and the 
integrity of the most important nodes and 
objects of railway transport, which include the 
equipment of power transformer substations . 
At the same time, the level of safety of these 
facilities should be correlated with the level of 
implementat ion of  measures  aimed at 
maintaining safety of the entire energy system .

CONCLUSIONS
The study of the key aspects of monitoring 

the technical condition of power transformers 
by the method of acoustic diagnostics led to 
the following conclusions .

«AC-Sensor» resonant acoustic partial 
discharge sensors have shown high efficiency 
in detecting partial discharges on the surface 
of the insulating layer of power transformer 
substation equipment . This explains broad 
prospects for the use of sensors of this type in 
the future, when conducting experimental 
research and work to determine the main 
features of the technical condition of power 
transformers using acoustic diagnostic 
methods . This equipment has demonstrated 
high performance when this method was 
directly used .

In general, the acoustic method of control 
has shown good results, since its main 
advantages, such as the efficiency of control 
and the possibility of taking readings, while 
maintain a continuous supply of power voltage, 
can reduce in general time of the experiment 
and to obtain high-precision results . Besides, 
the method of acoustic diagnostics and the use 
of «AC-Sensor» partial discharge sensors have 
shown high efficiency in determining the 
causes of faults on the surface of the insulating 
layer of power transformers, as well as the 
possibility of the most accurate localisation of 
areas of occurrence of such damage .

Subsequent diagnostic examinations of 
power transformers used within the railway 
transport system of the Republic of Kazakhstan, 
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using acoustic diagnostic techniques can 
significantly expand the understanding of the 
possibilities of using this technique to resolve 
issues of assessing the technical condition of 
modern transformer substations .

The results obtained during the research, 
can serve in future as a qualitative theoretical 
basis for further research on the problems and 
issues of monitoring the technical condition of 
power transformers, performed using various 
modern techniques, which are capable to bring 
research in the field of ensuring safety of the 
operational use of electric power equipment 
used in the railway transport system today to 
a qualitatively new level .

REFERENCES
1 . Forsthoffer, M . Forsthoffer’s Component Condition 

Monitoring . 1st ed . Oxford, Butterworth-Heinemann, 2018, 
204 p . ISBN 9780128097724 .

2 . Papaelias, M ., Marquez, F . P . G ., Karyotakis, A . Non-
Destructive Testing and Condition Monitoring Techniques 
for Renewable Energy Industrial Assets . 1st  ed . Oxford, 
Butterworth-Heinemann, 2019, 404 p . ISBN 9780128097472 .

3 . Kaneko, A .; Xiao-Hua, Zhu; Ju, Lin . Coastal Acoustic 
Tomography . Oxford, Elsevier, 2020, 362 p . ISBN 
9780128185070 .

4 . Meshkinzar, A ., Al-Jumaily, A . M ., Harris, P . D . 
Acoustic Amplification Utilizing Stepped-Thickness 
Piezoelectric Circular Cylindrical Shells . Journal of Sound 
and Vibration, 2018, Vol . 437, pp . 110–118 . DOI: 10 .1016/j .
jsv .2018 .08 .033 .

5 . Kuznetsov, A . A ., Kuzmenko, A . Yu ., Kuznetsova, M . A ., 
Simakov, A . V . Identification of threshold values while 
diagnosing insulation of high-voltage equipment by the 
methods of registration of partial discharges [Opredelenie 
porogovykh znacheniy pri diagnostirovanii izoliatsii 
vysokovoltnogo oborudovaniya metodami registratsii 
chastichnykh razriadov] . Omskiy Nauchnyy Vestnik, 2019, 
Iss . 2 (164), pp . 30–35 . DOI: 10 .25206/1813-8225-2019-
164-30-35 .

6 . Janssen, L . A . L ., Arteaga, I . L . Data processing and 
augmentation of acoustic array signals for fault detection 
with machine learning . Journal of Sound and Vibration, 2020, 
Vol . 483, article number 115483 . DOI: 10 .1016/j .
jsv .2020 .115483 .

7 . Karandaev, A . S ., Evdokimov, S . A ., Karandaeva, O . I ., 
Mostovoy, S . E ., Chertousov, A . A . Control of the technical 
condition of power transformers by acoustic diagnostics [Kontrol 
tekhnicheskogo sostoyaniya silovykh transfornatorov metodom 
akusticheskogo diagnostirovaniya] . Bulletin of the South Ural 
State University. Series: Energy, 2018, Iss . 26, pp . 26–31 . 
[Electronic resource]: https://dspace .susu .ru/xmlui/bitstream/
handle/0001 .74/662/5 .pdf?sequence=1&isAllowed=y . Last 
accessed 27 .05 .2021 .

8 . Karandaev, A . S ., Evdokimov, S . A ., Devyatov, D . Kh ., 
Parsunkin, B . N ., Sarlybaev, A . A . Diagnostics of power 
transformers by acoustic location of partial discharges 

[Diagnostirovanie silovykh transformatorov metodom 
akusticheskoi lokatsii chastichnykh razryadov] . Bulletin of 
Nosov Magnitogorsk State Technical University, 2012, Iss . 1, 
pp . 105–108 . [Electronic resource]: http://www .vestnik .
magtu .ru/images/data_base/2012_1/%D0%92%D0%B5%D
1%81%D1%82%D0%BD%D0%B8%D0%BA_2012_1_
%D1%81_105-108 .pdf . Last accessed 27 .05 .2021 .

9 . Malik, H ., Fatema, N ., Iqbal, A . Intelligent data-
analytics for condition monitoring: Smart Grid Applications . 
London, Academic Press, 2021, 491 p . ISBN 9780323855112 .

10 . Blanloeuil, P ., Francis Rose, L . R ., Veidt, M ., Wang, 
Chun H . Time reversal invariance for a one-dimensional 
model of contact acoustic nonlinearity . Journal of Sound and 
Vibration, 2017, Vol . 394, pp . 515–526 . DOI: https://doi .
org/10 .1016/j .jsv .2017 .01 .050 . 

11 . Arroyo, C . P ., Leonard, T ., Sanjose, M ., Moreau, S ., 
Duchaine, F . Large eddy simulation of a scale-model turbofan 
for fan noise source diagnostic . Journal of Sound and 
Vibration, 2019, Vol . 445, pp . 64–76 . DOI: 10 .1016/J .
JSV .2019 .01 .005 . [Electronic resource]: https://hal .archives-
ouvertes .fr/hal-02419816/document . Last accessed 
27 .05 .2021 .

12 . Weilenmann, M ., Noiray, N . Experiments on sound 
reflection and production by choked nozzle flows subject to 
acoustic and entropy waves . Journal of Sound and Vibration, 
2021, Vol . 492, article number 115799 . DOI: 10 .1016/j .
jsv .2020 .115799 .

13 . The Power Grid: Smart, Secure, Green and Reliable . 
1st ed . Editor Brian W . D’Andrade . London, Academic Press, 
2017, 352 p . Paperback ISBN 9780128053218, eBook ISBN 
9780081009529 .

14 . Bjørnø, Leif . Applied Underwater Acoustics . 1st ed . 
Editors Th . Neighbors, D . Bradley . Oxford, Elsevier, January 
19, 2017, 980 p . eBook ISBN 9780128112472, Paperback 
ISBN 9780128112403 .

15 . Correa, J . C . A . J ., Guzman, A . A . L . Mechanical 
Vibrations and Condition Monitoring . 1st ed . London, 
Academic Press,  2020, 208 p .  Paperback ISBN 
9780128197967, eBook ISBN 9780128203903 .

16 . Varanasi, S ., Siegmund, T ., Bolton, J . S . Acoustical 
characteristics of segmented plates with contact interfaces . 
Journal of Sound and Vibration, 2020, Vol . 485, article 
number 115584 . DOI: 10 .1016/j .jsv .2020 .115584 . [Electronic 
resource]: https://arxiv .org/pdf/2102 .04987v1 .pdf . Last 
accessed 27 .05 .2021 .

17 . Elasha, F ., Greaves, M . J ., Mba, D ., Fang, D . A 
comparative study of the effectiveness of vibration and 
acoustic emission in diagnosing a defective bearing in a 
planetry gearbox . Applied Acoustics, 2017, Vol . 115, 
pp .  181–195 .  DOI:  ht tp: / /dx .doi  .org/10 .1016/ j  .
apacoust .2016 .07 .026 . [Electronic resource]: http://dspace .
lib .cranfield .ac .uk/handle/1826/11144 . Last accessed 
27 .05 .2021 .

18 . Kuryliak, D ., Lysenko, V . Acoustic plane wave 
diffraction from a truncated semi-infinite cone in axial 
irradiation . Journal of Sound and Vibration, 2017, Vol . 409, 
pp . 81–93 . DOI: 10 .1016/j .jsv .2017 .07 .035 .

19 . Wang, Yuebing; Sun, Min; Cao, Yonggang; Zhu, 
Jiang . Application of optical interferometry in focused 
acoustic field measurement . Journal of Sound and Vibration, 
2018, Vol . 426, pp . 234–243 . DOI: 10 .1016/j .jsv .2018 .04 .023 .

20 . Yang, Lietai . Techniques for Corrosion Monitoring . 
2nd ed . Sawston, Woodhead Publishing, 2020, 618 p . ISBN 
978-0-08-103003-5 . 

Information about the author:
Erkebaev, Aibek Zh., Ph.D. student at the Department of Railway Power Supply of Omsk State Transport University (OSTU), Omsk, 

Russia / Almaty, Kazakhstan, erkebaev7397-1@murdoch.in.

Article received 08.12.2021, approved 14.02.2022, accepted 21.02.2022.

 •

•  •  World of Transport and Transportation, 2022, Vol. 20, Iss. 1 (98), pp. 149−157 

Erkebaev, Aibek Zh. Control of the Technical Condition of Power Transformers by Acoustic 
Diagnostics




