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Measuring shielding effectiveness of electromagnetic field for 
degradation shielding paint 

 
 

Abstract. This paper deals with measuring the shielding efficiency of a shielding coating. The paper describes the physical properties of the coating, 
such as εr, tgδ, ρS, which were measured at a frequency of 1 GHz. This measurement was performed in the frequency range from 1 GHz to 5 GHz 
in 100 MHz steps. Measurements were performed in an anechoic chamber to prevent external influences. The examined sample was measured 
every year for 4 years from the initial coating. The measurements were focused on whether the shielding coating loses its shielding ability after 
years. The results show that the decrease in shielding effectiveness was 3 - 6 dB during 4 years. The measurement error is 1.5 - 2.5 dB. It follows 
that the decrease in shielding ability is not rapid. 
 
Streszczenie. Artykuł dotyczy pomiaru skuteczności ekranowania powłoki ekranującej. W pracy opisano właściwości fizyczne powłoki, takie jak εr, 
tgδ, ρS, które zostały zmierzone przy częstotliwości 1 GHz. Pomiar ten wykonano w zakresie częstotliwości od 1 GHz do 5 GHz w krokach co 100 
MHz. Pomiary przeprowadzono w komorze bezechowej, aby zapobiec wpływom zewnętrznym. Badana próbka była mierzona corocznie przez 4 lata 
od pierwszego powlekania. Pomiary koncentrowały się na tym, czy powłoka ekranująca po latach traci zdolność ekranowania. Wyniki pokazują, że 
spadek skuteczności ekranowania wyniósł 3 - 6 dB w ciągu 4 lat. Błąd pomiaru wynosi 1,5 - 2,5 dB. Wynika z tego, że spadek zdolności osłony nie 
jest gwałtowny. (Pomiar skuteczności ekranowania pola elektromagnetycznego pod kątem degradacji farby ochronnej). 
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Introduction 

In today's rapidly evolving society, more and more 
attention is being paid to the concept of electromagnetic 
fields.  More and more, this concept is penetrating the lay 
public and the fact that the general lay public is interested in 
the possible impact of the electromagnetic field on the 
human body.  With the advent of the 5G network, a lot of 
disinformation was created, which is of interest to the 
general lay public.  This is mainly due to concerns about the 
possible effects of the electromagnetic field [1] [2]. 

In the professional and scientific community, research 
focuses on the influence of the electromagnetic field on 
biological effects, but the results of research vary 
considerably.  Not every research can unambiguously 
confirm the negative impact of the electromagnetic field.  
This is because there are a number of other factors that 
affect research results [3] [4]. 

Electric, magnetic and electromagnetic fields that can 
have adverse biological effects can be collectively referred 
to as electrosmog.  These electromagnetic fields are also 
more appropriately referred to as electromagnetic pollution 
[1] [5] [6] [7]. 

In Slovakia, separate legal acts apply to protect the 
population and employees from the electromagnetic field.  
Both legal acts are in line with the recommendations of the 
European Union.  Failure to exceed the action values will 
guarantee that the exposure limit values will not be 
exceeded.  In addition to binding legal documents, there are 
also technical standards that are less strict and non-binding 
recommendations of independent experts, which are 
extremely strict [8] [9] [10]. 

 
Electromagnetic field effect 

In recent decades, the effects of radio frequency 
radiation on living organisms have been addressed, among 
others, by the World Health Organization (WHO) and the 
International Commission on Non-Ionizing Radiation 
Protection (ICNIRP).  These set limiting criteria for electrical 
equipment due to their electromagnetic compatibility with a 
view to minimizing adverse effects on humans, but only 
after a number of negative responses, the number of which 
began to increase. The result of the interaction also 

depends on the physico-chemical properties of the 
organism, especially on the dimensions, weight, nature of 
the surface (clothing), layer thickness (skin - fat layers - 
muscles), water content, immediate state of the organism 
(health and mental) [11] [12].  

 In principle, two main groups of electromagnetic field 
effects are distinguished: 

 ● Thermal effects - are given by an increase in 
temperature due to absorbed EM energy 

 ● Non-thermal effects - direct effects of the 
electromagnetic field 

However, this division is possible only on a theoretical 
level, in real practice these two types of effects of the EM 
field are practically inseparable.  The thermal effects of EM 
fields are already very well mapped and widely used in 
medicine for various therapeutic applications in oncology, 
cardiology, urology, surgery, physiotherapy, etc.  

At present, it is possible to apply a shielding coating to 
the walls, which prevents the penetration of the 
electromagnetic field.  In the past, we have focused on 
measuring the effectiveness of shielding.  Shielding 
effectiveness is an indicator of the shielding quality of the 
electromagnetic field.  In our experiment, we focused on 
measuring the shielding effectiveness of this coating after a 
year, two, three and four and compared the shielding ability 
of the material 4 years ago.  4 years ago, the coating was 
applied twice [11] [13] [14] [15]. 

 
 

Measuring shielding effectiveness  
Electromagnetic shielding can be characterized by the 

so-called  shielding coefficient Ks.  It is the ratio of the 
intensity of the electric field E2 (or magnetic field H2) at a 
certain point of shielding the space to the intensity E1 (H1) 
of the field incident on the shielding partition.  A better 
indicator of shielding is the shielding effectiveness of the 
SE.  According to [8] shielding effectiveness is the sum of 
the reflection R, multiple reflection B and absorption A of 
electromagnetic field derived as [6] [16]: 

(1)    BRASE   
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where t is material thickness, σ is electrical conductivity of 
shielding material, σR is the relative conductivity, μR is the 
relative permeability of shielding material, μ is the magnetic 
permeability of shielding material, f is frequency, δ is depth 
of penetration. For the simplicity, it is possible to determine 
the shielding effectiveness SE also as (3) without the 
multiple reflections B [6] [17]. 

(3)    RASE   
 

From the relationships for the shielding effectiveness, 
reflection and absorption of the electromagnetic field, it can 
be seen that the shielding effectiveness depends not only 
on the frequency but also on the physical properties of the 
shielding material.  The problem, however, is that these 
properties change in the observed frequency band and are 
not constant.  If these properties did not change, it would be 
relatively easy to calculate the shielding effectiveness, 
reflection and absorption of the electromagnetic field.  
However, for the reasons mentioned above, it is necessary 
to measure these values [6] [18] [19] [20]. 

Evidence of a change in the permittivity property is also 
provided by subsequent research, which confirms this 
statement. Process which causes orientation of electric 
dipole moments within dielectrics into a direction of an outer 
field is known as an Electrical polarization. Arrangements of 
centres of gravity positive and negative charge particles 
have significant influence on the polarization. The next 
important influence has an amount of impurities and type of 
a bond between molecules. The polarization mechanisms 
can be divided in to the three groups based on force of 
bonds in a dielectric structure. Deformation polarizations 
occur in dielectrics with strong bond of charge particles in 
atoms, molecules or crystals. Relaxation polarizations occur 
within dielectrics with week forces between molecules 
especially in gases and liquids. The last type is migration 
polarizations caused by free charge particles in a dielectric. 
If dielectric is subjected to the outer electric field, the 
particles are focused in areas of imperfections or 
irregularities and space charges are developed. The main 
differences of the polarization types are physical processes 
within material structures and a value of relaxation 
(stabilizing) time [21] [22]. 

Following contributions from K. S. Cole and R. H. Cole, 
one of the methods for studying the frequency dependence 
of complex permittivity of dielectric materials has been by 
the use of Cole-Cole diagrams. Such a diagram is the plot 
between real and imaginary components (ε’ and ε”) of 
complex permittivity over the entire frequency range. 
Subsequently, Cole-Cole plots have been used by 
researchers for characterizing different materials and 
composites including pure as well as dielectric mixtures, 
ferrite films, ionic liquids, cable insulating oil, and polar 
liquids [23] [24]. 

Preliminary investigations on how Cole-Cole diagram 
can be used to demonstrate the changes in material 
structure and individual polarization mechanisms in 
dielectric liquids were reported by S. Martin et al.. Possibility 
of application of the Cole-Cole model for analysis of 
dielectric response measurement results on transformer oil 
paper insulation was initiated by S. Wolny et al. . The above 
investigations however, did not consider the distributed 
nature of the relaxation processes [6] [16] [25] [26]. 

 
Experiment  

The experiment was performed under the same 
conditions in an anechoic chamber.  The experiment was 

performed in the frequency range from 1 GHz to 5 GHz.  
With this experiment, we wanted to find out whether the 
shielding coating degrades over the years and whether the 
shielding effectiveness of the electromagnetic field 
changes. 

The temperature in the anti-reflection chamber is  22 -
 24 degrees Celsius and humidity 43% - 45%. The 
parameters of shielding paint we can see in Table 1. The 
parameters measuring we performed for frequency 1 GHz. 
 

Table 1. The parameters of shielding paint 
Frequency 1 GHz 
εr[-] 53,3 

tgδ[-] 0,56.10-2 
ρS[Ω] 350 

 

This workplace consists (Fig.1 and Fig.2) of an analog 
signal generator Agilent N5181A, EMI receiver Agilent 
N9038A MXE EMI, the receiving antenna and transmitting 
antenna horn type. Antennas were placed indoor of non-
reflection chamber. Analog signal generator and spectrum 
analyzer were placed outdoor of non-reflection chamber. 
The workplace calibration was performed before the 
measurement. Measured object was placed at a distance of 
0.3 m from the transmitting antenna [14, 15, 18, 25, 26]. 
 

 
Fig.1. Workplace for measuring shielding effectiveness 
 

 
Fig.2. Workplace for measuring shielding effectiveness 
 

The coated sample was placed in a room for 4 years 
and exposed to normal environmental influences.  The 
sample was applied to the plate.  Prior to the measurement 
itself, the shielding effectiveness of the board itself was 
measured.  The shielding effectiveness of the board itself 
was subtracted from the total shielding effectiveness (board 
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+ coating).  The measurement was performed under the 
same conditions.  The measurement was repeated 10 times 
and an automated system was created for the purpose of 
this measurement in the Keysight VEE program. 
The software automatically set the monitored frequency and 
amplitude of the transmitted signal on the pulse generator.  
At the same time, he read the value of the amplitude of the 
receiving signal at this set frequency on the spectrum 
analyser.  The software saves the data from the set 
frequency and the received signal to a file and to the cloud.  
A view of the created software can be seen in Fig. 1. 
 

 
Fig.3. Software for processing data 
 

The coated sample was placed in a room for 4 years 
and exposed to normal environmental influences.  The 
sample was applied to the plate.  Prior to the measurement 
itself, the shielding effectiveness of the board itself was 
measured.  The shielding effectiveness of the board itself 
was subtracted from the total shielding effectiveness (board 
+ coating).  The measurement was performed under the 
same conditions.  The measurement was repeated 10 times 
and an automated system was created for the purpose of 
this measurement in the Keysight VEE program. 

The software automatically set the monitored frequency 
and amplitude of the transmitted signal on the pulse 
generator.  At the same time, he read the value of the 
amplitude of the receiving signal at this set frequency on the 
spectrum analyser.  The software saves the data from the 
set frequency and the received signal to a file and to the 
cloud.  A view of the created software can be seen in Fig. 3. 
 From the shielding effectiveness results, the average 

value at each monitored frequency was calculated.  Figure 
4 shows six dependencies.  The solid line shows the course 
of the shielding effectiveness 4 years ago.  The 
measurement was then performed immediately after the 
coating had dried.  Other waveforms show the shielding 
effectiveness in the monitored frequency range after one, 
two, three and four years. From the results it is possible to 
observe a decrease in the shielding effectiveness in the 
whole frequency range.  The decrease in shielding 
effectiveness in the monitored frequency range after four 
years is approximately 3-8 dB.  As the frequency increases, 
the decrease in shielding effectiveness also increases 
slightly.  As could be expected, the longer the coating is 
applied, the lower its shielding ability. 
 The coating manufacturer states that after two coats, the 
coating achieves an attenuation of approximately 50 dB at a 
frequency of 1 GHz.  These values were confirmed by 
experiments 4 years ago.  At the same time, another 
experiment confirmed that over the years, these values 
gradually decrease, but not rapidly.  This statement applies 
in the whole frequency range from 1 GHz to 5 GHz. 
 
Conclusion and discussion  

This paper was focused on repeating the measurement, 
which was performed 4 years ago.  The authors set out to 
measure the shielding effectiveness of the electromagnetic 
field for a shielding coating.  This experiment was 
performed one year, two, three and four years after the first 
application.  The task was to find out whether the shielding 
effectiveness of the electromagnetic field of the shielding 
coating changes over the years. 

The results show that the shielding effectiveness of the 
shielding coating decreased after 4 years.  In the frequency 
band from 1 GHz to 5 GHz, a decrease in shielding 
effectiveness of 3-6 dB was recorded.  However, the 
shielding coating still serves as a shielding material.  It 
should be noted that the measurement error was 1.5 - 
2.5 dB, which also affected the accuracy of the results.  The 
decrease in shielding effectiveness could be caused, for 
example, by degradation of the material from which the 
shielding coating is formed.  The second reason could have 
been contamination of the paint, which is a common 
phenomenon in practice.  On the other hand, in practice, a 
conventional wall paint is applied to this coating to prevent 
contamination of the coating. 

 

 
 
Fig.4. Shielding effectiveness depending on frequency range 
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It is possible to assume that this gradual decline in 
shielding effectiveness will continue over the years, but we 
do not expect it to be a rapid decline.  On the other hand, by 
adding another layer after years, we will increase the 
shading effectiveness again. 

 
This work was supported by project: FEI-2021-74,  

Research of the influence of selected building materials and 
elements in order to evaluate their interaction with high-
frequency electromagnetic radiation. 

 
Authors: Ing.Marek Pavlík, PhD., Department of Electric  Power 
Engineering, Faculty of Electrical Engineering and Informatics, 
Technical university of Kosice, E-mail: marek.pavlik@tuke.sk 
Doc.Ing. Dušan Medveď, PhD. Department of Electric  Power 
Engineering, Faculty of Electrical Engineering and Informatics, 
Technical university of Kosice, E-mail: dusan.medved@tuke.sk 

 
REFERENCES 

[1] S. Tumański, “Modern magnetic field sensors – a review,” 
Przegląd Elektrotechniczny, Vol. 2013, No. 10, pp. 1-12, ISSN 
0033-2097. 

[2] A. Rusiecki, “Calculations and measurements of shielding 
effectiveness of slotted enclosure with built-in conductive 
stirrer,“ In:Przegland Elektrotechniczny, R. 88 NR 10b/2012, p. 
328-329, ISSN 0033-2097. 

[3] S. Bucko et al., Modulation of Staphylococcus Aureus Biofilm 
by Elecromagnetic Radiation, 2020. In: The journal of 
microbiology, biotechnology and food sciences. - Nitra 
(Slovensko), Fakulta biotechnológie a potravinárstva, 2011 
Roč. 9, č. 5 (2020), 1020-1022 [online]. - ISSN 1338-5178 

[4] J. Zbojovský, A. Mészáros, P. Kurimský, Modelling the high 
frequency electromagnetic field propagation through the 
polystyrene, 2015. In: Elektroenergetika 2015. - Košice : TU, 
2015 S. 556-559, ISBN 978-80-553-2187-5. 

[5] IEEE 299-2006 Standard: Method for Measuring the 
Effectiveness of Electromagnetic Shielding Enclosures, EMC 
Society, New York 2006, p.39. 

[6] Pavlík, M.,“Compare of shielding effectiveness for building 
materials,“ Przeglad Elektrotechniczny, 95(5), 137-140. 
doi:10.15199/48.2019.05.33. 

[7] M. Pavlík et al., Measuring of Dependence of Shielding 
Effectiveness of Wet Materials on The Frequency of 
Electromagnetic Field in the High Frequency Range, Acta 
Electrotechnica et Informatica, Vol. 13, No. 3, 2013, pp. 12-16, 
ISSN 1335-8243. 

[8] D. Bambynek, A. Jakubas, P. Jablonski, “Examination of the 
possibilities to shield the electromagnetic field by selected 
polymer composites,” Przegląd Elektrotechniczny, Vol. 2017, 
No. 01, pp. 121-124, ISSN 0033-2097. 

[9] S. Martin, M. Vaclav, T. Pavel, B. Jiri, P. Josef and M. Petr, 
Cole-cole diagram as diagnostic tool for dielectric liquids, 2011 
IEEE International Conference on Dielectric Liquids, 2011, pp. 
1-4, doi: 10.1109/ICDL.2011.6015448. 

[10] M. Bereš and O. Slavko, "Four Leg Interleaved DC-DC Buck-
Boost Converter with Modifiable Topology Using Proposed 
Windows Application," 2019 IEEE International Conference on 
Modern Electrical and Energy Systems (MEES), 2019, pp. 214-
217, doi: 10.1109/MEES.2019.8896428. 

[11]  S. K. Ojha, P. Purkait and S. Chakravorti, Cole-cole 
representation of transformer oil-paper insulation dielectric 
response, 2017 3rd International Conference on Condition 
Assessment Techniques in Electrical Systems (CATCON), 
2017, pp. 36-41, doi: 10.1109/CATCON.2017.8280180. 

[12]  J. H, Calderwood, A Physical Hypothesis for Cole-Davidson 
Behavior, IEEE Trans. Dielectrics and Electrical Insulation, vol. 
10, no. 6, pp. 1006 – 1011, 2003. 

[13]  J. Molnár et al. Weather Station IoT Educational Model Using 
Cloud Services. J. Univers. Comput. Sci., 2020, 26.11: ISSN 
1495-1512. 

14] Z. Jóskiewicz and J. Janukiewicz, "Experimental Study of the 
Shielding Effectiveness Performance Degradation for a 
Shielding Material Used in Protective Storage Pouch," 2020 
International Symposium on Electromagnetic Compatibility - 
EMC EUROPE, 2020, pp. 1-4, doi: 
10.1109/EMCEUROPE48519.2020.9245862. 

[15]  T. Vince, Tibor, et al. IoT Implementation in Remote Measuring 
Laboratory VMLab Analyses. J. Univers. Comput. Sci., 2020, 
26.11: ISSN 1402-1421. 

[16]  M. Bereš et al. Effectiveness Enhancement of Non-Isolated 
DC-DC Interleaved Buck Converter for Renewable Energy 
Sources. Energies, 2021, 14.14: 4127. 
https://doi.org/10.3390/en14144127 

[17] Y. Zhao et al., "Shielding Effectiveness Simulation of 
Rectangular Enclosures Using FIT," 2020 International 
Conference on Sensing, Diagnostics, Prognostics, and Control 
(SDPC), 2020, pp. 317-321, doi: 
10.1109/SDPC49476.2020.9353113. 

[18] D. X. Yan, H. Pang, B. Li et al., "Structured Reduced Graphene 
Oxide/Polymer Composites for Ultra-Efficient Electromagnetic 
Interference Shielding", Advanced Functional Materials, pp. 
559-566, 2015, ISSN: 1616-3028. 

[19] C. Chen, Yu-sang and Yi-Miao, "The research on shielding 
effectiveness measurement for electromagnetic shielding 
garments," 2017 7th IEEE International Symposium on 
Microwave, Antenna, Propagation, and EMC Technologies 
(MAPE), 2017, pp. 336-340, doi: 
10.1109/MAPE.2017.8250869. 

[20] D. Kovac, et al., “Circuit elements influence on optimal number 
of phases of DC/DC buck converter”, Electronics Letters, vol. 
54, no. 7, pp. 435-436, 2018. 

[21] J. Dudas, M. Guzan, S. Gabani, et al., “Electric charge 
transport anomalies in holmium and thulium thin films at low 
temperatures,” In: Czechoslovak Journal of Physics. Vol. 54, 
suppl. D (2004), p. D253-D256. - ISSN 0011-4626. 

[22] M. Guzan, “Analysis of 6(4) - Valued Memory,” In: Elektronika 
in Elektrotechnika. Vol. 20, no. 6 (2014), p. 89-92. - ISSN 1392-
1215. 

[23] M. Bereš, D. Schweiner, I. Kováčová and A. Kalinov, "Current 
ripple comparison of multi and single phase Buck-boost 
converters," 2017 International Conference on Modern 
Electrical and Energy Systems (MEES), 2017, pp. 260-263, 
doi: 10.1109/MEES.2017.8248905. 

[24] P. Jacko, D. Kováč, R. Bučko, T. Vince and O. Kravets, "The 
parallel data processing by nucleo board with STM32 
microcontrollers," 2017 International Conference on Modern 
Electrical and Energy Systems (MEES), 2017, pp. 264-267, 
doi: 10.1109/MEES.2017.8248906. 

[25] S. Bucko et al., “Modulation of Staphylococcus Aureus Biofilm 
by Elecromagnetic Radiation,” In: The journal of microbiology, 
biotechnology and food sciences. - Nitra (Slovensko) : Fakulta 
biotechnológie a potravinárstva, 2011 Roč. 9, č. 5 (2020), 
1020-1022 [online]. - ISSN 1338-5178. 

[26] J. Zbojovský et al., “Možnosti zvýšenia účinnosti tienenia 
elektromagnetických polí aplikáciou tieniacich náterov,” In: 
Elektroenergetika. Roč. 11, č. 1 (2018), s. 25-29. - ISSN 1337-
6756. 

 
 
 

 


