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ABSTRACT

In this article is described the avatar-based energy-efficient power engineering control system, which 
is based on authors results published previously related to development of an Internet of Things and 
people (IOTAP) and the digital twins systems. The authors are described the development of the 
innovation tools for digital twins system, based on Avatar-based Control Techniques.
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INTRODUCTION

Electric capacitors are the essential part of energy generation, transmission and accumulation systems. 
They are widely used in reactive power compensation systems in order to increase the capacity of 
transmission lines, in capacitive voltage dividers, and power electronics. Energy effective high-voltage 
electrical capacitor is a key factor of the modern electrical power equipment design. Nowadays the 
most frequently used capacitors in the above-mentioned areas are the devices designed in the 1980s 
by the soviet capacitor industry. These capacitors’ parameters are far from modern energy-efficiency 
and ecological standards. Being based on aluminum foil electrodes and liquid dielectrics impregnation, 
these capacitors have the characteristics, which are listed below. The significant improvement 
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of capacitors’ specific volume characteristics is possible when metallized electrodes replace the 
conventional foil electrodes. The metallized electrodes capacitors or metal-film capacitors (MFC) 
have the feature of so-called self-healing (SH).

This article is dedicated to the investigations of physical processes of electrodynamics destruction 
of thin metal layers during SH. In spite of the fact that the SH process has been studied over several 
decades, the clarity of the SH physics remains unclear. There is no agreement among the proposed 
models regarding the role of the electric explosion and the micro discharge phenomena. The design 
of the capacitors is based on empirical approaches.

The relevance of this work is confirmed by the fact, that similar investigations have been conducted 
by China, France, Finland, and USA scientists for the last years. It is obvious that clarifying of the 
metallized electrodes degradation mechanisms is a key to efficient capacitors development. The aim 
is characterized by the scientific novelty and no investigations of segmented MFC’s dielectric systems 
have not been conducted so far. Meanwhile, in the other countries, this aim has a high priority. There 
is some information on ABB’s pilot version of a high-voltage capacitor with segmented metallization, 
which has best energy-efficiency parameters in class.

BACKGROUND

Metal film capacitors are widely used in modern technology: from household electrical appliances to 
high-voltage pulse systems. The wide distribution of capacitors of this type is due to the high specific 
energy and high reliability. The high reliability of these capacitors gives them ability to heal themselves 
– this is a restoration of their performance after a dielectric breakdown. At this time, work is at the 
stage of increasing the specific energy and it is possible due to the use of new dielectric materials 
with a large relative dielectric constant and by improving of electrode systems to increase operating 
electric field’s strength. Currently the research is on a stage of creation of a new hybrid polymer 
films (consisting of two or more). These films are obtained by hot pressing technology, followed by 
a broach. The advantage of this technology is that during production, ready-made original polymer 
films with high electrical strength and rather low dielectric losses are used. Such polymer films today 
can increase the specific energy of the IPC in 2 - 2.5 times.

Another promising direction in the creation of new materials is production of composite materials 
based on polymer matrix and inorganic filler. As a matrix, it is possible to use traditional polymers 
for capacitor films: polypropylene and others. There are various types of inorganic dielectrics in the 
role of filler, it also includes ferroelectric ceramics. Scientists working in this direction predict growth 
in the specific energy of capacitors based on such materials by 10 or more times. However, a high 
dielectric constant value does not guarantee a great potential for the use of these composite materials. 
There is no data in the literature on the electrical strength and dielectric spectroscopy for recently 
created composite materials. Such materials may be completely inapplicable in capacitor technology.

The improvement of electrode systems mainly goes along the path of creation of optimal electrodes 
for limiting the self-healing energy. Segmented or ultrathin electrodes are used for this purpose. The 
low value of the SH energy gives less damage to the dielectric and electrodes and a lower probability 
of thermal breakdown of the capacitor and as a result higher reliability. However today there are not 
so many researches in open press on segmented electrodes or electrodes with ultrafine metallization. 
Quite often the authors of the articles mention that these technologies make it possible to reduce the 
energy of the solar wind and to increase the specific energy of the IPC in comparison with traditional 
electrodes, however, the details of the production technology and design features of the capacitors 
are not disclosed. This is probably because of the privacy policy of the capacitor manufacturers. In 
addition, there is no clear opinion on the ways to limit SH in the frame of preference.

The given ability to SH IPC can be used in forced modes of operation. Forced modes imply 
an increase of energy efficiency due to exceeding of the limit loads which leads to reduction 
of the capacitors’ service life. The greatest practical interest represents the work of the IPC in 
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modes with an increased electric field strength and high current load, which is associated with 
their use in high-energy pulsed devices. In this application, the mode of operation is characterized 
by a high amplitude of the current pulse (up to several tens of kilo amperes) and short duration 
(units of milliseconds or less), while the service life of capacitors does not exceed several tens 
of thousands of pulses. However, the work of the IPC in such the modes remains hardly studied. 
One of the main reasons of failure of metal-film capacitors in forced modes is the degradation 
of electrode systems. The electrode system includes capacitor electrodes, a contact node, a 
lockout and an external output. During the operation, the electrodes and the contact assembly 
are especially susceptible to destruction; however, the mechanisms of their degradation are 
different and depend on the mode of operation. The degradation of the electrodes is primarily 
due to self-healing processes when IPC operates in the high voltage mode. For the case when SH 
is a lost part of the electrodes’ area it leads to decreasing in capacity. Carbon gets formed which 
is deposited in the breakdown zone as a result of decomposition of the dielectric. This leads to 
deterioration of the insulating properties of dielectric. There are several theoretical models of 
self-healing aimed at determining the energy of the solar energy, the area of the DM zone, and 
the duration of the solar energy process. Each theoretical model takes a number of assumptions. 
However, in some cases, the accepted assumptions significantly influence the results and lead 
to serious discrepancies with experimental data. A significant disadvantage of all SHa theory 
is that it was tested on model capacitor samples and was not always compared with real IPCs. 
The problem with this approach is that in real capacitors, the capacity of which can be several 
hundred microfarads, and the breakdown voltage is several kilovolts, the SH energy will be 
several orders of magnitude higher than in model samples.

MAIN FOCUS OF THE ARTICLE

Issues, Controversies, Problems
This leads to a serious discrepancy with theoretical ideas. Therefore, today there is no optimal theory 
of SH. During the operation of the IPC in a pulsed mode, their failure is primarily associated with the 
loss of capacity because of SH, while a way less work is devoted to the degradation of contact nodes. 
When operating in pulsed mode, the amplitude value of the current can reach several kiloamperes. 
In this case, the failure of the IPC will be caused by the destruction of the contact of the electrode 
and sopping. In addition to the listed mechanisms for the degradation of IPC, an electro migration 
mechanism of destruction of electrode systems is possible. Electro migration is a well-known process 
in integrated circuits and it is one of the causes of device failure. However, this process was never 
considered as the mechanism of destruction of the IPC electrodes. Nevertheless, the influence of 
this mechanism of degradation on destruction of the process of metallized capacitor electrodes is not 
excluded. In addition, it is shown that electro migration destruction can manifest itself in microsecond 
time scales, while in the elements of microelectronics, electro migration occurs in the course of days, 
months, and even years.

Digital twins are widely used in modern industry. The digital twin is a dynamic virtual 
model of a system, process or service. The digital twin continuously learns and updates its 
parameters, receiving information from a variety of sensors, correctly representing the state of 
a physical object. They use current data from sensors, from control devices, from the external 
environment when learning; it combines actual data with the knowledge gained from specialists 
in this field. Digital twins allow you to monitor systems and processes in real time and analyze 
data in a timely manner to prevent problems before they occur, schedule preventive maintenance, 
reduce downtime, open up the new business opportunities and plan the future updates and new 
developments. Digital twins of objects with distributed parameters are mathematically boundary 
value problems for partial differential equations.
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Solutions and Recommendations
The study of the laws of electrodynamics’ destruction of nanometer metal layers and structure is 
based on them in conditions of high densities of the input energy. Establishing patterns of influence 
of polymer and liquid dielectrics in the process of electrodynamics is destruction of metallized 
electrodes. Development of model of electrodynamics’ destruction of structured electrodes of various 
geometries uses CAD / CAE systems. Development use of the “Digital Twin” is high-voltage metal-
film capacitor. Digitalization implies great opportunities for all aspects of society. We are currently 
at what can be seen as the fourth wave of digitalization. The first wave concerned the introduction 
of computers in many parts of society. The second wave, in the form of the Internet, made it easy 
to access and share information. The third wave is the mobile Internet that enables accessing and 
sharing information regardless of where you are. With the fourth wave of digitalization, it is not just 
people who use the Internet to access and share information, but also different types of objects, such 
as vehicles, appliances, and machinery. All parts of our society will be affected by this phenomenon, 
commonly referred to as the Internet of Things (IoT).

A critical component for making IoT successful is that it creates value for the users. To make 
IoT usable and useful is the main focus of the research conducted within the Internet of Things and 
People (IOTAP) research centre. In addition to concrete goals regarding publications, technology 
transfer contributions, etc., IOTAP has the following three main impact goals:

•	 IOTAP should be a reason for a company to place their operations in the Penza region;
•	 IOTAP should contribute to that public organizations in the region are leading in the application 

of IoT;
•	 IOTAP should foster excellent IoT researchers.

The Avatar-Based Control Techniques of Vardan Mkrttchian was published in journals and books 
of IGI Global in 2014-2018 (Mkrttchian et al., 2014; Mkrttchian, 2015; Mkrttchian, et al., 2016; 
Mkrttchian & Aleshina, 2017; Mkrttchian & Belyanina, 2018). For the purpose of breaking down 
cultural and language barriers, which is the primary objective of this book, in the article the authors 
propose to use the technology and methods of the avatar-based management technique for training 
and improvement of technology of response to intervention (RTI), successfully used in the US in the 
special system. Response to intervention has been in existence for only a short period of time; also, 
it has had a powerful impact on the academic achievement of peoples across the United States. The 
National Center on Response to Intervention (2010) defined Response to Intervention as a delivery 
service model that integrates assessment and intervention within a multi-level prevention system 
to maximize people’s achievements and reduce behavior problems. With Response to Intervention, 
schools identify students at risk for poor learning outcomes, monitor student progress, provide 
evidence-based interventions and adjust the intensity and nature of those interventions depending 
on a student’s responsiveness, and identify students with learning disabilities or other disabilities. To 
solve the problems with the Russian language, they propose using the previously obtained teaching 
technologies together with the RTI technology for a new field of application - training the Russian 
language for personnel of state corporations (Vertakova & Plotnikov, 2014; Mkrttchian, 2017).

The article’s authors developed innovation tools based on the results of the analysis of citizens’ 
deliberation in social networks on topics related to online services, using Intelligent Visualization 
Techniques for Big Data Analytics with Avatar-Based Management Techniques introduced by professor 
V. Mkrttchian in 2018, in his book “Avatar-Based Learning and Teaching in Modern Educational 
Environments: Emerging Research and Opportunities” (Mkrttchian, et al., 2019). Social networks 
and the blogosphere, which is a popular and active area of mass communication, may become the 
subject of study and data source for the demand for e-government services. Social networks have 
great popularity among Russian citizens. According to com.Score, nearly every Russian Internet 
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user (99.7% of the average domestic Internet users) has an account in social networks. Scale users of 
Russian social networks account for more than 52 million people. The average Russian social network 
user spends 12,8 hours per month on social networks, which is the highest rate in the world (the world 
average is 5.9 hours per month) (https://ria.ru/society/20171027/1507700280.html). Over the past 
five years, the social network came on the audience of the Central Russian TV channels. These facts 
highlight the demand and popularity of social media in Russia, as well as the possibility of using the 
discussions in social networks to identify attitudes, opinions of citizens and their assessment of the 
activities of the state.

The Intelligent Visualization Technique is a process of presenting data in the form of an image in 
order to maximize the convenience of understanding them; giving a visible form to any conceivable 
object, subject, process, and so on.

CONCLUSION

This article is dedicated to the investigations of physical processes of electrodynamics destruction 
of thin metal layers during self-healing Nano metric structured electrodes.

This article is described Avatar-Based energy-efficient power engineering Control System, based 
authors results published in IGI Global as an Internet of Things and People (IOTAP) and digital 
twins are used.

This article developed for digital twins the innovation tools, based Avatar-Based Control Techniques.
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