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Abstract The article provides a comparative analysis of methods for reducing the
electromagnetic effects of power transformers and demonstrates the potential for
achieving significant improvements by simultaneously employing high-quality
insulation, electromagnetic shielding, superior magnetic materials, and optimized load
management.
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AHHOTanus B cTaThe npoBe/ieH CPAaBHUTEIBHBIN aHATIN3 METO/I0B CHUKEHUS DJIEKTPOMArHUTHBIX
BO3/ICHICTBUI CUJIOBBIX TpaHC(POPMATOPOB U 0OOCHOBAHA BO3MOYKHOCTD JOCTUKCHHUS
BBICOKHX pe3yJIbTaToB 3a cyer OJIHOBPEMEHHOT'O HCI0JIb30BaHUs
BBICOKOKAYECTBEHHBIX W30JISIHH, 3IEKTPOMArHUTHOTO SKpPaHUPOBAHMUS,
WCIIOJIb30BAHUS BBICOKOKAYECTBEHHBIX MArHUTHBIX MAaTEPHAIOB M IIPOILIECCOB
ONTUMMU3AIMU HATPY3KH.

CHJIOBOH TpaHc(hOpMaTOp, 3JIEKTPOMATHUTHOE BO3JIEHCTBHE, IJIEKTPOMArHUTHAS
COBMECTUMOCTb, H3OJSIUS, DJIEKTPOMAarHUTHOE SKPaHUPOBAHME, ONTHMHU3ALIUS
Harpy3KHu.

KiaroueBnle
cJI0OBA:

Power transformers are one of the main devices of modern electrical engineering and energy
systems, playing an important role in providing consumers with high-quality electricity. When designing
a power supply system, it is essential to consider the adverse effects of power transformers on other
components, including electromagnetic interference, energy losses, and overheating. Furthermore,
minimizing the electromagnetic effects of power transformers enhances the efficiency of the power
supply system and reduces energy losses.

In power transformers, the use of high-quality insulation, electromagnetic shielding of systems,
the use of high-quality magnetic materials for the magnetic core, and load optimization play an important
role in reducing electromagnetic influences. In order to conduct research aimed not only at improving
the technical characteristics of transformers, but also at reducing their negative impact on the
environment and identifying the processes of their effective use, we will analyze the most common
methods aimed at reducing the electromagnetic effects of transformers, dividing them into 4 large groups
(Fig. 1).

1. Use of high-quality insulation. The insulation used to mitigate the electromagnetic effects of
power transformers must be carefully selected based on the transformer's technical specifications. It
should be composed of high-quality dielectric materials and installed following the necessary standards.
The types of insulation materials used between different transmission parts of transformers are selected
differently depending on the operating conditions, power, and purpose of the transformer. In most cases,
transformers use various types of insulation, such as pressed hard paper (cellulose) saturated with
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transformer oil resistant to high temperatures (155 °C-180 °C) and voltages (110 kV, 220 kV, 330 kV,
500 kV), synthetically produced special transformer oils (T-1500U, T-1500, TKp, TSp, MVT, GK, VG
AGK) with high electrical resistance in the form of liquid, epoxy alloys (resins) in the form of plastics
(Table 1).

Table 1
Transformer power and application voltage,
Ne | Insulating material MVA/kV/kV
25/10/0.4 | 40/35/10 | 63/110/35 | 100/110/35 | 160/500/110

1. Liquid insulation + + + + +

2. Silicone rubber - - + + +

3. | Paper-oil insulation + - - - -

4. Cast insulation + - - - -

5. Hard insulation +

6. Gas insulation -

According to the results of the analysis, it was established that by using high-quality insulation in
power transformers, it is possible to achieve a reduction in energy losses from 5% to 20%.

2. Electromagnetic shielding. Installing electromagnetic shields around the transformer helps
restrict the spread of magnetic fields into the surrounding environment. Copper foil and magnetic
materials (aluminum, brass, copper, permalloy 79NM) with a thickness of 0.5 mm are widely used for
electromagnetic shielding. Compared to other techniques, this method is highly effective in reducing
electromagnetic interference in adjacent devices. Electromagnetic shielding is carried out by active and
passive methods (Table 2).

Active shielding refers to methods that counteract electromagnetic fields by generating an
opposing field. Through active shielding, an active counter field is created to minimize or completely
eliminate the electromagnetic field, thereby increasing the efficiency of transformers, reducing
electromagnetic influences, and eliminating negative electromagnetic influences on devices located near
the transformer. To create an opposite field on the screen to the electromagnetic effects arising in the
transformer, special sensors are installed to determine the value of the electromagnetic field in it, and
the general electromagnetic effect is reduced by creating a field in the opposite phase to the detected
electromagnetic field. By applying active shielding technology in transformers, it is possible to save
electrical energy and increase the efficiency of the transformer due to the reduction of external
electromagnetic influence. Active screening is advantageous over passive screening due to its high
efficiency, relatively compact screen dimensions, and the possibility of minimizing electromagnetic
fields. Despite the fact that active screening has a number of advantages over other screening
systems, due to the complexity of the design, the need to install complex and high-tech equipment
during the installation process, the initial costs of manufacturing and installing such systems are
high, and at the same time, an additional source of electrical energy is required to create an
opposite electromagnetic field.

Passive shielding involves reducing electromagnetic fields by adding multiple shielding layers
within transformers. Shielding materials used in passive screening (steel, nickel, permalloy 79NM,
unsoftened permalloy) have high electromagnetic conductivity and reduce field effects by converting
electromagnetic field energy into thermal energy. For the installation of a passive shielding system in
power transformers, a layer of copper or aluminum metal coating with high conductivity is installed on
the outer body of the transformer. Passive screening is one of the reliable and effective methods of
controlling electromagnetic fields in power supply system devices, and by choosing the appropriate
material and design during screening, it is possible to reduce electromagnetic impact and further increase
the reliability of device operation. This technology can now be widely used in industry and the domestic
sphere.
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Methods of reducing electromagnit effects of power transformers
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Figure 1. “Classification of methods for reducing the electromagnetic effects of power transformers.”
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Table 2.
Ne Feature Active shielding Passive screening
1. Difficulty level high low
2. Efficiency high average
3. In terms of price high low
4. Electricity consumption required not required
5. Repair & Maintenance complicated simple

According to the results of the analysis, it was found that electromagnetic shielding of power
transformers can reduce electromagnetic influences by 75-85%.

3. Use of high-quality magnetic materials. To reduce the electromagnetic effects of power
transformers, increase their efficiency, and reduce energy losses, it is necessary to use high-quality
magnetic materials (permalloy, alsifer, magnetically soft materials, silver, copper, aluminum, brass).
Transformer cores are typically composed of electrically insulated steel sheets. Transformer cores made
of silicon-steel (2-4% silicon) and special amorphous materials have relatively low energy losses due to
higher magnetic permeability compared to transformer cores assembled from steel sheets (Table 3). A
higher silicon content in transformer core materials reduces electrical resistance and minimizes
electromagnetic effects, but if the proportion of silicon in it exceeds the limit, the brittleness of the core
increases and the probability of cracking in various areas of the core increases. Amorphous materials are
also used in the manufacture of transformer cores. Transformers with a core made of amorphous material
are mainly used at low power (transformers with a power not exceeding 5 kVA). When manufacturing
a transformer core from an amorphous material, the degree of brittleness of amorphous materials is
higher than that of pure steel, which is a more difficult process compared to traditional production. For
the preparation of amorphous materials, special equipment is required, i.e., when preparing amorphous
materials for a transformer, the heated metal (at a temperature in the range of 1200 °C-1500 °C) must
be cooled under special conditions at a rate of 10° °C/sec., the cooling time is approximately 10™*-107¢
sec. Currently, cold-processed steels of grades 3404, 3405, and 3406 and electrical steels with cubic
texture and increased silicon content (3% or higher) are mainly used in the magnetic systems of
transformers. Materials of this brand are characterized by high working magnetic induction (1.6-2.2 T)
and high resistivity (0.4-1.0 yOhm-m).

Table 3.

Magnetic Saturation Coercive force

Ne | Naming of materials | permeability induction, u (:; /m) ’
p-103 B (tesla) ¢

1. | Electrical steel 4-+15 1.6+2.2 40+160
2. | Amorphous alloy 100+ 1.5+1.8 1+10
3. | Permalloy 100+1000 0.6+1.0 0.02+0.1
4. | Alcifer 1020 1.2+1.4 80+200
5. | Ferrites 10+100 0.3+0.6 100+4000

According to the results of the analysis, it was established that by using high-quality magnetic
materials in power transformers, it is possible to reduce electromagnetic losses by 15-30 %.

4. Load optimization. Optimizing transformer loads is essential to minimizing electromagnetic
effects and maximizing efficiency (ensuring that the transformer load corresponds to the average
nominal power and the symmetry of the consumers in the phases). Exceeding or falling below the
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nominal load of the transformer leads to a decrease in its efficiency. To optimize the transformer load,
it is necessary to thoroughly study the load and constantly monitor the amount of energy. Switching
large-capacity consumers to night mode is one of the pressing issues of our time. Because in the daytime
mode, as a result of the simultaneous consumption of electricity by the population and large-capacity
consumers, the power consumption of power transformers exceeds its nominal value and leads to a
decrease in the efficiency of the transformer. (Fig. 2)
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Figure 2. Electrical load graph by energy consumption.

In this case, if large-capacity consumers switch to night mode (due to the maximum reduction in
electricity consumption by the population in night mode), the power transformers will not be overloaded
(their load will be optimized), and thanks to this, the transformer will work more efficiently and their
service life will increase.

Discussion. The comparative analysis of methods for reducing the electromagnetic effects of
power transformers reveals distinct advantages, applications, and limitations for each technique. Below
is a synthesis of their effectiveness, applications, and constraints:

High-Quality Insulation. Provides a substantial reduction in energy losses, ranging from 5% to
20%. Best suited for transformers operating at high voltages and temperatures, with varied insulation
types tailored to specific operational conditions. Performance can degrade over time, requiring
maintenance or replacement; initial selection is critical and must match transformer specifications.

Electromagnetic Shielding. Achieves a high reduction in electromagnetic influences (75-85%),
with active shielding offering superior performance compared to passive shielding. Widely used in
industrial and residential settings to mitigate electromagnetic interference in adjacent devices. Active
shielding, though efficient, involves high initial costs and complex maintenance requirements, including
an additional energy source. Passive shielding is less effective but simpler and more cost-effective.

High-Quality Magnetic Materials. Reduces electromagnetic losses by 15-30%, with materials
like silicon-steel and amorphous alloys showing significant performance improvements. Primarily used
in transformer cores, where reducing energy losses and enhancing efficiency are paramount. Materials
such as amorphous alloys are brittle and require specialized manufacturing processes, increasing costs
and complexity.

Load Optimization. Reduces electromagnetic influences and energy losses by 20-25% while
prolonging transformer life. Critical in systems with variable demand, ensuring transformers operate
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within optimal load ranges. Requires continuous monitoring and management of loads, with challenges
in ensuring compliance during peak usage periods.

Conclusion. According to the results of the analysis, it was found that by optimizing the loads in
power transformers, it is possible to achieve a reduction in electromagnetic influences and energy losses
by 20-25%. Analytical research indicates that the combined application of load optimization, high-
quality magnetic materials, electromagnetic shielding, and superior insulation can reduce
electromagnetic effects by 50-70% and energy losses by 6-15% on average. While these methods
complement one another, their combined effectiveness is not simply additive; once significant reductions
are achieved through one approach, the incremental impact of additional methods is relatively small.
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