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Abstract: The article presents an analysis of the influence of various mechanical impurities of transformer oils on electric
and magnetic fields based on scientific literature. The analysis showed that mechanical impurities contained in transformer oil
affect the electric field. However, the influence of sludge, fibers and metal particles on the magnetic field is stronger. At the same
time, the electromagnetic field is influenced by such types of mechanical impurities contained in transformer oil as asphalt
deposits, fibers, soap compounds and metal particles.
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Introduction. Various types of mechanical impurities are considered the main
factors affecting the performance properties of transformer oil. These mechanical
connections are deposits and do not dissolve in or react with oil. These mechanical
compounds are varnishes, various paints, etc., fibers, dust used in parts of oil-immersed
power transformers. The concentration of mechanical deposits in transformer oil
increases due to internal damage to the transformer (as a result of an electric arc, a pulsed
increase in the internal temperature of the transformer over a long or short period of time,
damage during transportation, vibration of the transformer exceeding the permissible
value, partial discharge and other factors) [1, 2].

Materials and methods.

Mechanical deposits are divided into 3 types based on their origin:

a) Mechanical deposits in the oil when pouring oil into the transformer;

b) Mechanical deposits that got onto the oil in transformer parts during production
and assembly;

c) Mechanical deposits formed in the working transformer;

These mechanical wastes negatively affect the dielectric characteristics of
transformer oil, i.e., they increase dielectric losses and cause a decrease in the breakdown
voltage of transformer oil. Mechanical deposits negatively affect the circulation process
in the small channels of the transformer cooling system, as a result the heat transfer
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process slows down and the transformer does not have time to cool down, as a result, the
service life of the transformer is reduced. Decreases [3].

Mechanical sediments (slags) in transformer oil are divided into 3 groups:

1) Mechanical asphalt concrete mixtures are dark brown in color, resulting from a
mixture of metal and acids. The main negative effect of these mixtures is that the cooling
system of the transformer deteriorates.

2) Mechanical chalk mixtures from light brown to dark brown, formed from
mixtures of metals and acids. When these substances interact with water, they cause
breakdown of the dielectric in the inside of the transformer.

3) Black mechanical connections (carbon material) formed as a result of the action
of an electric arc in transformer oil. This deposit has good electrical conductivity and
rapid flammability, which reduces the breakdown voltage of transformer oil and
increases its flammability [4].

Results and discussion. As a result of partial discharges occurring in transformer
oil, fine carbon particles are formed on the high-voltage side of the circuit. The mass of
these coal particles is very light, so the oil does not sink to the bottom. On the low-voltage
side of a power transformer, the carbon particles generated by partial discharge during
overload conditions are larger than those on the high-voltage side. Under operating
conditions, these particles mix with the oil and increase the degree of oil colloidation. In
addition to the above, the colloidation process is also influenced by the following factors
and substances:

a) Varnish applied to the tank, varnish applied before repairing the transformer;

b) Stale transformer oil, which reacts acidically with metal parts;

c) acidic sludge-like waste that does not contain metals (slag, for example: asphalt
waste and products of condensation and oxidation of oil);

d) In addition, during assembly of the transformer, metal particles separated from
other metal parts of the structure.

e) Copper products used in the transformer accelerate the oxidation process of
transformer oil (aluminum, steel, tin and other metallic substances used in structural
elements are quite passive in the oxidation process) [5].

Among the mechanical deposits mentioned above, the most dangerous for the
insulation of transformer oil are those smaller than 5 microns, which accounts for 95% of
the total amount of mechanical deposits [4]. The danger of these substances is that the
small size of these substances allows them to easily fit between the molecules of solid
insulation, which causes a change in the electrical properties of this solid insulation.
Considering the above, mechanical sediments can be divided into the following main
substances (Fig.1):
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1. Coal
2. Metal particles
Types of 3. Asphalt deposits
mechanical SR
deposition

6. Soap compositions
7. Cuttings
8. Fiber

Figure 1. Types of mechanical deposits in transformer oil.

1) Coal:

A) Electric fields affect small particles of coal in transformer oil. In the presence of
an electric field, electrical discharges can occur, causing the breakdown of transformer oil
and the formation of carbon particles.

B) Magnetic fields usually do not have a significant effect on fine coal particles in
transformer oil. Coal particles are formed as a result of oxidation and thermal
decomposition of transformer oil. Magnetic fields usually do not affect these processes.

B) Electromagnetic fields usually do not directly affect fine carbon particles in
transformer oil. In some cases, high frequency electromagnetic fields can cause ionization
or destruction of transformer oil, which promotes the formation of carbon particles. In
general, in order to maintain the quality of transformer oil and prevent the formation of
carbon deposits, it is important to carry out regular maintenance and diagnostics of the
transformer within the established period of the operating instructions [7].

2) Resin:

A) Electric fields can affect small amounts of resin in transformer oil, creating
electrical charges that cause the transformer oil to break down and form resin. To avoid
such problems, it is necessary to maintain the quality of the transformer oil and regularly
analyze it to monitor its condition. Also, the use of dielectric materials and insulation
helps reduce the effect of electric fields on the resin in the transformer oil.

B) Magnetic fields usually do not have a significant effect on the resin in transformer
oil. Tar is formed as a result of oxidation and thermal decomposition of transformer oil.
However, if the transformer oil contains metal particles or other magnetic materials, the
magnetic fields will affect the behavior of the resin.

B) Electromagnetic fields usually do not have a direct effect on the resin in
transformer oil. High-frequency electromagnetic fields cause ionization or
decomposition of transformer oil to form resins [7].

3) Sludge:
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A. Electric fields can affect various fine deposits in transformer oil. Sludge in
transformer oil can be electrically discharged when exposed to an electric field. These
electrical discharges cause the transformer oil to decompose and form various insoluble
slurries.

B. Magnetic fields can affect suspensions in transformer oil. Sludges typically
consist of insoluble impurities such as metal particles and organic compounds. If these
connections contain magnetic elements, they will be affected by magnetic fields. This
causes sludge to move and accumulate in certain areas of the transformer.

C. Electromagnetic fields generally do not have a significant effect on transformer
oil sludge. Metal particles and organic compounds contained in suspensions are not
exposed to electromagnetic fields [8].

4) Asphalt:

A. An electric field can affect transformer oil containing asphalt compounds. Under
the influence of an electric field, the phenomenon of electric polarization and perforation
may occur in transformer oil, which may change its physical and chemical properties.
This can change the thermal conductivity, viscosity and dielectric of transformer oil with
asphalt compounds. In addition, the electric field can cause dangerous electrical and
corona discharges in transformer oil with asphalt deposits. Therefore, when designing
systems in which transformer oil is present, it is necessary to take into account the
influence of the electric field and take appropriate measures to reduce or control it.

B. The magnetic field does not directly affect the asphalt joints in transformer oil.
Asphalt compounds in transformer oil are an insulating material and do not have
magnetic properties.

C. Asphalt compounds in transformer oil are exposed to electromagnetic fields,
especially if the asphalt contains transformer oil or other insulating fluids. This is due to
the fact that electromagnetic fields can cause various phenomena and reactions in the
substances that surround them [7].

5) Volokno:

A. The electric field can affect the fibers in the transformer oil. The fibers contained
in transformer oil are polarized or charged under the influence of an electric field. For
example, an electric field can lead to the accumulation of fibers in the structure of
transformer oil, the formation of electrical circuits or a change in the viscosity of
transformer oil.

B. The magnetic field affects the fibers contained in the transformer oil. In some
cases, the magnetic field generates a magnetic force in the fibers contained in the
transformer oil, which negatively affects the insulation of this transformer oil. The effect
of the magnetic field on the fibers contained in the transformer oil affects its intensity and
other parameters such as the viscosity and temperature of the transformer oil.

C. Electromagnetic fields affect the fibers contained in the transformer oil. Such
fields cause electric current and power currents in the transformer oil, which causes
contamination of the transformer oil. In addition, electromagnetic fields cause damage to
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the oil by forming thermal processes in the transformer oil, and therefore the reliability
of the transformer's operation is reduced [7].

6) Soap connections:

A. The electric field affects the soap connections in the transformer oil. In
transformer oil, the strength of electrical insulation usually depends on the amount of
soap compounds contained in it. These soap compounds can change their structure or
take the form of slag or solid matter under the action of an electric field. When an electric
tield is applied to the transformer oil, it causes the redistribution of soap molecules,
causing the formation of soap particles in the oil.

B. The magnetic field does not affect the soap connections in the transformer. Soap
compositions are not exposed to a magnetic field, and their properties do not change.
Electromagnetic fields can affect the properties and condition of transformer oil,
including its electrical conductivity, dielectric strength and thermal conductivity. In
addition, magnetic fields cause an induction electric current in the transformer oil, which
leads to an increase in heat losses in the oil and a decrease in the efficiency of the
transformer.

C. Soap compounds in transformer oil are considered sensitive to the
electromagnetic field [5].

7) Metal particles:

A. The electric field affects the metal particles in the transformer oil. The electric
tield can cause the movement of metal particles and the accumulation of force on the
surface of the conductive parts of transformers. This leads to an electrical discharge in the
conductors or walls of the tank, as well as to a spark.

B. The magnetic field acts on metal particles in the transformer oil. The magnetic
tield acts on the alkali metal particles in the transformer oil, causing the particles to move.

C. Electromagnetic fields affect metal particles in transformer oil. The
electromagnetic field generated inside the transformer creates electromagnetic forces on
metal particles, causing them to move and accumulate in certain areas of the oil [9].

Discussion. The analysis of the influence of various mechanical compounds in
transformer oils on electric and magnetic fields based on scientific literature showed that
mechanical compounds contained in transformer oil have an effect on the electric field,
and the effect of sludge, fiber and metal particles on the magnetic field is greater. At the
same time, it was found that the types of mechanical impurities in the transformer oil,
such as asphalt deposits, fibers, soap compounds, and metal particles, have an effect on
the electromagnetic field, and this is presented in Table 1.
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Table 1. The following table shows the sensitivity of mechanical deposits to various
fields.

Coal Resin  Sludge Asphalt Volokno Soap Metal
sediments compounds  particles
Electric field + + + + + + +
Magnetic field _ _ + _ + B +
Electromagnetic _ _ _ + + + +
field
Conclusion:

1. It turns out that there is an influence of mechanical impurities in transformer oil
on the electric field. But the influence of slag particles, fibers and metals on the magnetic
tield is greater.

2. Types of mechanical impurities in transformer oil, such as asphalt deposits, fibers,
soap compounds and metal particles, affect the electromagnetic field.
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