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In the modern world, almost every area of ​​human activity includes electronic devices: people use mobile 
phones for communication and Internet access, special programs and equipment are used in factories to process 
various details, a huge amount of information is stored on personal computers, and often this information is private. 
Therefore, it is very important for manufacturers of electronic devices to protect them from interference and un-
necessary exposure to external factors, as well as from the information leak, because the uninterrupted operation of 
electronic devices is now one of the most important parameters that consumers pay attention to. Undesirable factors 
affecting electronic equipment include electromagnetic, magnetic and electric fields. Such fields surround us every-
where, for example, the magnetic field of the Earth always affects equipment and devices. Therefore, if no measures 
are taken to protect the electronics, this can lead to its incorrect operation and even to its damage. The sun constantly 
emits charged particles. They form the so-called solar wind, which interacts with magnetic field of the Earth when 
it approaches. When flashes or severe shock waves occur on the Sun, the particle flux increases and the colossal 
energy literally “crashes” into the magnetic field, which starts to perturb and tremble from the vibrations. One way 
to protect electronic equipment is magnetic shielding. The article describes a method for studying various materials 
on their ability to shielding at different frequencies. It also provides recommendations on the use of these materials 
for shielding from magnetic, electromagnetic or electric fields.
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The principle of operation of most meas-
uring instruments is based on the conversion 
of electrical and magnetic energies. However, 
under the influence of intense external fields, 
failures in the operation of electronics are ob-
served [1, 2]. Such fields create interference 
due to which semiconductor elements and mi-
crocircuits can fail. Intense radiation also al-
lows you to gain unauthorized access to vari-
ous information: with it you can use special 
remote devices that read data from any elec-
tronic gadgets, for example, from a computer 
or phone. To prevent unwanted failures in the 
operation of electronics and measuring equip-
ment, as well as to protect confidential infor-
mation, it is necessary to create a barrier to the 
external field [3, 4] (electromagnetic, mag-
netic, electric or all fields at the same time). 
A screen with high magnetic permeability or 
high electrical conductivity, equipped around 
the protected space, creates such barrier [3]. 
Now, in the digital age, more than ever, it is 
necessary to ensure uninterrupted operation of 
electronics and measuring devices, as well as 
to ensure the safety of information. The impor-
tance and relevance of solving the problem of 
electromagnetic compatibility in the process of 
designing electronic equipment is confirmed 
by numerous studies of domestic and foreign 
scientists and specialists [3, 4, 5].

Based on the foregoing, knowledge of ma-
terials for magnetic screens and the principles 
of shielding is necessary for students studying 
in the fields of 11.03.03 – Design and Technol-
ogy of Electronic Tools, 12.03.01 – Instrumen-
tation Engineering Technology and 11.03.04 – 
Electronics and Nanoelectronics and a number 
of other areas [6, 7, 8]. 

Purpose of the study
Identify areas of effective use of screens of 

various materials and combinations of materials.
Shielding Principles

By magnetic shielding of some area of 
space is meant the weakening of the magnetic 
field inside this area by restricting it to a shell 
made of soft magnetic materials. In practice, 
another shielding method is also used, when a 
source of a magnetic field is placed in the shell, 
thereby limiting the distribution of this field 
into the environment [1].

The effectiveness of shielding is the ratio 
of voltages, currents, strengths of electric and 
magnetic fields in the shielded space in the ab-
sence and presence of a screen: Э = U / U´.

According to the principle of action, elec-
trostatic, magnetostatic and electromagnetic 
screens are distinguished.

During electrostatic shielding, the electric 
field is closed on the metal casing of the screen, 
and electric charges are transferred to the de-
vice casing. In this case, the electric field inside 
the device is equal to zero due to the specific 
location of the induced charges on the outer 
surface of the screen. Thus, even a small metal 
screen can effectively shield the electric field.

Magnetostatic shielding is based on the 
closure of the magnetic field in the thickness of 
the screen having increased magnetic perme-
ability. The screen material must have a mag-
netic permeability significantly greater than the 
magnetic permeability of the environment.

The effectiveness of such a screen is great-
er, the greater its magnetic permeability and 
thickness. A magnetostatic screen is used only 
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with a constant field or in the low-frequency 
range of a change of this field. For magneto-
static shielding, steel and permalloy of various 
thicknesses are well suited.

Electromagnetic shielding is based on the 
interaction of an alternating magnetic field with 
a field created by eddy currents induced first 
in the thickness and on the surface of the con-
ductive material of the screen. High-frequency 
field screening is based on the reflection and 
absorption of an electromagnetic wave dur-
ing the transition from one medium to another. 
An electromagnetic wave interacting with the 
screen is partially reflected by its surface, par-
tially absorbed by the screen material. These 
processes lead to energy loss of the wave and its 
attenuation. For shielding high-frequency fields, 
the main requirement is the high conductivity 
of the screen material and the absence of holes, 
slots, poor contact of the screen elements, that 
would allow radiation to pass through. Under 
these conditions, electromagnetic shielding will 
be effective in high frequency fields.

Equipment, devices and tools

The structural scheme of the complex 
for studying the effectiveness of using vari-
ous materials as magnetic screens is shown in 
Fig. 1. One of the main elements of the com-
plex is the installation [8] which includes a 
coil 1 on a non-magnetic frame 2 (solenoid) 
and a non-magnetic base 3. To evaluate the 
electromagnetic field, a measuring coil 4 is 
placed in the central part of the solenoid. Ter-
minal sockets 5 of the excitation coil 1 and 
terminal sockets 6 of the measuring coil 4 are 
based on 3. To create an electromagnetic field, 
a special form of signal generator is used 8. 
The signal from the measuring coil 4 is evalu-
ated by an oscilloscope 10 and a millivolt-
meter 11. Samples screens (Fig. 2) are made 
of different materials in the form of glass of 
different thicknesses. The material and wall 
thickness of the corresponding screen sample 
are given in table. The general view of the 
complex is shown in Fig. 3.

Fig. 1. A complex for the study of materials for magnetic screens

Fig. 2. Screen Samples
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Fig. 3. General view of the complex for studying the effectiveness of shielding an electromagnetic field

Research Methodology

An electromagnetic field is created by us-
ing an excitation coil 1 (Fig. 1). The measuring 
coil 4 is connected to an oscilloscope 10 and / 
or a millivoltmeter 11. First, the voltage U 
is measured on the measuring coil without 

shields. Then, samples of screens 9 of different 
materials are alternately put on the coil, and the 
voltage U' on the measuring coil is measured 
by using an oscilloscope (millivoltmeter). The 
lower the voltage U' on the measuring coil after 
installing a sample on it, the more efficient the 
material acts as a screen.

The results of experimental studies

Sample No. Screen material Measuring coil voltage without shields  
U = 100 mV

Wall thick-
ness, mm

100 Hz 1000 Hz 10 kHz 100 kHz

U' U' U' U'
1 Steel 1,4 20,2 19,1 30,1 30,4
2 Steel 2,4 12,2 18,4 28,2 27,3
3 Steel 5.1 6,65 11,1 19,2 22,6
4 Permalloy 0,7 53,0 56,3 26,5 25,9
5 Aluminum 0.5 97,5 74,9 20,8 20,0
6 Aluminum 0.5 98,6 79,1 31,7 23,7
7 Aluminum 1.7 95,7 45,3 17,4 22,4
8 Brass 0,7 99,3 89,1 31,6 32,5
9 Copper (foil) 0,2 99,7 93,6 35,4 21,7
10 Permalloy single layer unannealed 0,2 81,2 84,2 84,2 36,9
11 Permalloy single layer unannealed 0,4 75,1 76,4 69,6 20,5
12 Copper 99,99 % 1,5 96,3 44,2 23,9 31,7
13 Copper 99,99 % with cover 1,5 96,8 43,1 24,5 29,8
14 Copper 99,99 % perforation 1,5 97,4 45,7 24,0 30,0
15 Copper 99,99 % perforation with cover 1,5 97,5 44,9 23,9 23,5

Combination
K1 (4 + 9)

53,1 46,9 19,4 24,4

Combination
K2 (6 + 4 + 8)

52,6 29,1 15,5 25,4

Combination
K3 (8 + 1)

21,3 15,5 15,8 22,1
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To identify the effectiveness of screens 
from a combination of different materials, 
measurements were carried out for a combi-
nation of several samples: permalloy-copper 
(a combination of K1 samples 4 and 9); brass-
permalloy-aluminum (K2 combination of sam-

ples 8, 4 and 6); brass steel (combination of 
K3 samples 8 and 1).

The measurements were carried out at 
frequencies: 100 Hz, 103 Hz, 104 Hz, 105 Hz. 
The results are listed in Table. For the con-
venience of analyzing the results of the study, 

Fig. 4. Graphs of the frequency of shielding efficiency Э of screen samples on frequency

Fig. 5. Graphs of the frequency of shielding efficiency Э of samples from combinations of materials  
on frequency
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graphs are constructed (Fig. 4) as a function of 
the frequency of screening efficiency of vari-
ous materials.

The results of the study
As a result of the analysis of the results of 

the study, it was found:
1. Samples of steel (1, 2) and permalloy 

are significantly superior to samples of alu-
minum (5, 6, 7), brass 8 and copper 9, 12, 13, 
14, 15 in shielding efficiency in the frequency 
range from units to 1000 Hz. They are more 
efficiently used as magnetostatic screens. But 
even at frequencies from 1 kHz to 100 kHz, 
they are slightly inferior in efficiency to sam-
ples of aluminum and copper. Iron-based steels 
and alloys, which have high magnetic per-
meability, also have electrical conductivity. 
Therefore, they are more versatile. 

2. The greater the wall thickness of the steel 
screen, the better its efficiency (Э3 > Э2 > Э1).

3. The presence of perforations (holes) in 
the walls of the screens 14 and 15 slightly re-
duces the effectiveness of shielding, but at the 
same time provides the best thermal regime 
of the screened device (component) due to 
air convection.

4. Samples from unannealed premalloy 
lose their effectiveness in screening constant 
magnetic fields. Permalloy is very sensitive 
to mechanical stress (shock, cutting). There-
fore, to restore the magnetic properties, heat 
treatment (annealing) is necessary. During op-
eration, the screens should be protected from 
shock using, for example, rubber gaskets be-
tween the screen and the housing, to preserve 
its magnetic properties.

5. In the considered frequency range the 
highest efficiency has a combination of a sam-
ple of steel 1 and brass 8.

Conclusions
In the course of this work, the physical 

principles of protecting devices from the influ-
ence of external magnetic fields were studied. 
The characteristics of materials and alloys for 
magnetic screens were studied either. The ar-
eas of effective use of various materials and the 
effect of wall thickness on shielding efficiency 
were determined experimentally. The applica-
tion of a thin layer of material with high elec-
trical conductivity (a multilayer screen) onto a 
screen made of soft magnetic material allows 
expanding the functionality of the screen and 
increasing the screening efficiency.
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