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Abstract — This paper deals with measurement of the shielding
effectiveness against the electromagnetic field. Shielding
effectiveness against the electromagnetic field characterizes
property of material to penetrate the electromagnetic field.
Measuring of shielding effectiveness was performed in the
frequency range from 1 GHz to 9 GHz with a step of 0.2 GHz.
Measurement was performed in non-reflection chamber.
Measured objects were the construction materials: Styrodur
polystyrene with thickness of 50 mm, Styrodur polystyrene with
thickness of 25 mm and their combination. The result of
measurement is comparation of shielding effectiveness of shielding
objects.
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. INTRODUCTION

It should be noted that the sources of the electromagnetic
field not only negatively affect the human body but well-
known example of the beneficial uses of source of
electromagnetic radiation at higher frequencies is the thermal
hyperthermia which is described in [1].

Wireless communication is not only represented in the IT
sector, but also the constant development in the medical
environment requires the use of this type of communication.
In the medical field, there are many applications using
wireless communication just for capturing and monitoring of
the human body, the output data are collected from the human
body.

The wireless communication provides long-term monitoring
activities of the human body even under severe conditions [2].

We are exposed to electromagnetic radiation everytime and
everywhere. The trend of number of sources of
electromagnetic radiation will increase. As ordinary persons
we can not perceive the electromagnetic radiation with our
senses. This mean that human is so benevolent to potential
threats. That is why it is a topic of increasing sources of
electromagnetic radiation and its impact on human body for
the general public so actual.

The opinions on this topic are different. On the one hand
manufacturers of devices operating on the principle of
electromagnetic field claiming that their pruducts are safe.
And on the other stands the World Health Organization which
says the opposite. The time of use of such devices is relatively
short. We can not say with certainty whether these devices
cause health risks or not.
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Wide professional community is more and more focused to
resources of electromagnetic fields, their impact and the
associated concept of electromagnetic compatibility.

Modern construction technologies are based on a multi-
layer material. Examples consist of houses whose walls are
made of bricks and polystyrene. Polystyrene is used for
thermal insulation. This article is focused on measuring of the
shielding effectiveness against the electromagnetic field of
polystyrene.

I1. SHIELDING EFFECTIVENESS

Quality shielding materials are determined by three
coefficients, shielding coefficient Ks, absorption coefficient A
and a reflection coefficient R. The shielding effectiveness SE
is closely related to coefficient Ks, R, and A. Shielding
coefficient Ks is determined by the intensity of electric field
strength E, possibly based on the intensity of the magnetic
field H by the relation [3], [4], [5]:
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where E is intensity of electric field measured using the
antenna placed in the prescribed configuration within the
enclosure, E; is intensity of electric field measured using the
antenna placed in the prescribed configuration in the absence
of the enclosure, H; is intensity of magnetic field measured
using the antenna placed in the prescribed configuration
within the enclosure, Hi is intensity of magnetic field
measured using the antenna placed in the prescribed
configuration in the absence of the enclosure [5].

Shielding effectiveness SE is calculated using the formulas
(2-4) if intensity of electric field and intensity of magnetic
field are in basic units [7], [8].
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Formula varies with determining of the shielding
effectiveness SE according to the frequency range. According to
[5], the shielding effectiveness is determined by the relation:
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For the frequency range from 50 Hz to 20 MHz and for the
frequency range from 20 MHz to 300 MHz and also the same
applies to the frequency range 300 MHz to 100 GHz

SE = 20log
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where E; and H; are the intensity of electric field and magnetic
field at any point in the space where there are no shielding
materials respectively. E, and H; are the intensity of electric
field and magnetic field where the shielding materials are in the
same place. V is voltage reading within the enclosure, Vi is
voltage reading in the absence of the enclosure and P, is power
detected within the enclosure, P1 is power detected in absence
of the enclosure. Then SE of the material was calculated at
specific frequency using by (4) [5], [8], [9].

The main factors which determine the shielding effectiveness
are the capability of shielding materials (the electric and
magnetic conductivity and the permeability), the thickness and
the frequency of the incident wave. If we know all these factors,
the shielding effects of materials can be calculated by (5). If
these factors are unknown, we can measure the intensity of
electric field and magnetic field when there are shielding
materials or not, and then SE could be calculated by (2).
According to [7] the shielding effectiveness is the sum of the
reflection R, multiple reflection B and absorption A of
electromagnetic field derived as [10], [11], [12]:

SE=A+R+B (5)
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where t is material thickness, o is electrical conductivity of
shielding material, or is the relative electrical conductivity, pr
is the relative permeability of shielding material, p is the
magnetic permeability of shielding material, f is frequency, &
is depth of penetration. For the simplicity, it is possible to
determine the shielding effectiveness SE also as (6) without
the multiple reflection B.

SE=A+R (6)
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where p is permeability which included permeability of the
shielding material, o is electric permittivity of vacuum. The
expression (6) is simplified expression of (5). Both terms are
correct except of other literatures. From equation (6) we can
see, the relative permeability and relative conductivity affect
shielding effectiveness SE [5].

Shielding effectiveness can be calculated according to the
relations (7-10) if the value of the transmitted signal is set in
logarithmic unit.

SE =|Euog|~[Ezig @
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SE= Pllog - leog [dB] (10)

Formulas (7), (8), (9), (10) are used according to the available
measuring equipment.

I1l. EXPERIMENT

Block diagram for the purpose of measuring of shielding
effectiveness SE of the electromagnetic field is shown in
Fig. 1. This workplace consists of the analog signal generator
Agilent N5181A, spectrum analyzer Agilent N9038A MXE
EMI (Fig. 2), the receiving antenna and transmitting antenna
of horn type (Fig. 4). Measured objects (Fig. 3) were placed at
a distance of 30 cm from the transmitting antenna. The whole
measurement was carried out in an anechoic chamber at the
Department of Electrical Power Engineering of FEI TU and
there is no extraneous influence of electromagnetic field on
the measurement.

The measurement was performed with three samples. The
first sample consisted of Styrodur polystyrene with thickness
of 50 mm. The second sample consisted of two Styrodur
polystyrene with thickness 2 mm x 25 mm. The third sample
was formed by combining the first two samples.

Transmitting antenna Receiving antenna

Agilent N5181A

Spectrum A FSU

Shielding

Door of cage

Fig. 1. The block diagram of measurement of shielding effectiveness.

Fig. 2. View on the measuring instruments.
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Fig. 3. Polystyrene Styrodur — measured object.

receiving antenna

I

Fig. 4. The antennas for purpose of experiment.

IV. RESULTS

Fig. 4, Fig. 5 and Fig. 6 represent the dependence of value
of an electromagnetic field (EMF) with and without shielding
in frequency range 1 GHz to 9 GHz for sample 1, 2 and 3. We
can see from Fig. 7, Fig. 8 and Fig. 9 describe the dependence
of shielding effectiveness against to electromagnetic field (SE) in
frequency range from 1 GHz to 9 GHz for sample 1, 2 and 3.
Shielding effectiveness was calculated by using formula (10).

We can affect overall shielding effectiveness by combination
of shielding materials. Shielding effectiveness against to
electromagnetic field is from 1,5dB to 3 dB for sample 1.
Shielding effectiveness of electromagnetic field is from 0,5 dB
to 2,5dB for sample 2. Shielding effectiveness against to
electromagnetic field is from 0,2 dB to 2 dB for sample 3. We
can see from these results, that by combination of two materials
the shielding effectiveness not increased. It is because between
the materials is formed multi reflection. These multi
reflections cause the reflecting waves reaching the receiving
antenna. The reflecting waves are not reflected as in the case
of a single material. The value of the electromagnetic field
behind the shielding for two materials is higher than with the
only one. Therefore, shielding effectiveness is lower.
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Fig. 5. Dependence of value of an electromagnetic field with and without
shielding in frequency range of 1 GHz to 9 GHz for sample 1.
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Fig. 6. Dependence of value of an electromagnetic field with and without
shielding in frequency range of 1 GHz to 9 GHz for sample 2.
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Fig. 7. Dependence of value of an electromagnetic field with and without
shielding in frequency range of 1 GHz to 9 GHz for sample 3.
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Fig. 8. Dependence of shielding effectiveness SE of electromagnetic field in
frequency range of 1 GHz to 9 GHz for sample 1.
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Fig. 9. Dependence of shielding effectiveness SE of electromagnetic field in
frequency range of 1 GHz to 9 GHz for sample 2.
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Fig. 10. Dependence of shielding effectiveness SE of electromagnetic field in
frequency range of 1 GHz to 9 GHz for sample 3.

V.CONCLUSION

This article was aimed to measuring of shielding
effectiveness against to electromagnetic field. The
measurements were focused on measuring of shielding
effectiveness in the range of higher frequencies from 1 GHz to
9GHz by step of 0.2GHz. The measured object was
polystyrene with different thicknesses. Size of shielding was
2mx2m. It should be noted that with increasing frequency
the shielding effectiveness oscillates between maximum and
minimum values.

It must also be noted that the results of the experiment show
that between the materials is formed multi reflection. These
multi reflections cause the reflecting waves reaching the
receiver antenna. These reflecting waves are not reflected as in
the case of a single material. Therefore, the value of the
electromagnetic field behind the shielding for two materials is
higher than with the only one. Therefore, the shielding
effectiveness is lower.

ACKNOWLEDGMENT

This publication is the result of the Project implementation:
Protection of the population of the Slovak Republic from the
effects of electromagnetic fields, ITMS: 26220220145,
Activity 2.1 supported by the Research & Development
Operational Programme funded by the ERDF.

QOperatny program
KUM a Vivo) ;/g

Wish

A \\

W W
r

Eurépska unia

Eurdpsky fond regionaineho rozvoj =

Agentira
Ministerstva Skolstva, vedy, vyskumu a Sportu SR

pre strukturalne fondy EU

4

We support research activities in Slovakia / Project is cofinanced from EU funds.

REFERENCES

[1] R.W.Habash, D.Krewski, R.Bansal, H.T. Alhafid, “Principles,
Aplications, Risk and Benefits of Therapeutic Hyperthermia,” Frontiers
in Bioscience (Elite Edition), vol. 3 2011, pp. 1169-1181.

[2] A. Plawiak-Mowna, A. Krawczyk, “Wireless Body Sensor Network-
Fundamental Concepts and Application,” Przeglad Electrotechniczny,
no.12b/2012, 2012, pp. 267-268.

[3] G.B.Tait, C.Hager, M.B. Slocum, M. O. Hatfield, “On Measuring
Shielding Effectiveness of Sparsely Moded Enclosures in a Reverberation
Chamber,” IEEE Transactions on electromagnetic compatibility, vol. 55,
no. 2, pp. 231-240, 2013. http://dx.doi.org/10.1109/TEMC.2012.2220779

[4] “Scientific Committee on Emerging and Newly Identified Health Risks
SCENIHR”, Possible effects of Electromagnetic Fields (EMF) on
Human Health, The SCENIHR adopted this opinion at the 16" plenary
of 21 March 2007 after public consultation.

[5] IEEE 299-2006 “Standard, Method for Measuring the Effectiveness of
Electromagnetic Shielding Enclosures”, EMC Society, New York 2006,
p. 39. http://dx.doi.org/10.1109/IEEESTD.2007.323387

[6] L.Zhang, Y.Zhang, Simulation Analysis for the Materials Shielding
Effectiveness of EMP. Cross Strait Quad-Regional Radio Science and
Wireless Technology Conference (CSQRWC). vol. 1, pp. 32-35, 2011,
ISBN 978-1-4244-9792-8 http://dx.doi.org/10.1109/CSQRWC.2011.6036877

[7] T.W. Wieckowski, J. M. Janukiewicz, “Methods for Evaluating the
Shielding Effectiveness of Textiles”. Fibres & Textiles in Eastern
Europe, Vol. 14, No. 5 (59), 2006.

49


http://dx.doi.org/10.1109/TEMC.2012.2220779
http://dx.doi.org/10.1109/IEEESTD.2007.323387
http://dx.doi.org/10.1109/CSQRWC.2011.6036877

Power and Electrical Engineering

2014/32

[8] P. Marracino, M. Migliorati, A. Paffi, M. Liberti, A. Denzi, G. D'inzeo, [10] Y. Deshan, M. C. Converse, D. M. Mahvi, J. G. Webster, “Measurement
F. Apollonio, “Signal transduction on enzymes: the Effect of and Analysis of Tissue Temperature During Microwave Liver Ablation,”
electromagnetic field stimuli on superoxide dismutase (SOD),” |EEE Transactions on Biomedical Engineering, vol. 54, pp. 150155, 2007.
Engineering in Medicine and Biology Society (EMBC) Annual [11] E. Colebeck, E. Topsakal. “Ultra-wideband Microwave Ablation
International Conference of the IEEE, 2012, pp. 5674-5677. Therapy (UMAT),” 2013 IEEE MTT-S International Microwave
http://dx.doi.org/10.1109/EMBC.2012.6347282 Symposium Digest (IMS), 2013, pp. 1-3.

[9] A. Sasaki, T.Ishihara, N.Shibata, R.Kawano, H.Morimura, http://dx.doi.org/10.1109/MWSYM.2013.6697642
M. Shinagawa, “Signal-to-noise ratio analysis of a noisy-channel model [12] X. L. Chen, S. Benkler, C. Li, N. Chavannes, N. Kuster. “Low frequency

for a capacitively coupled personal area network,” IEEE Transmission
Antennas and Propagation, vol. 61, no. 1, pp. 390-401, 2013.
http://dx.doi.org/10.1109/TAP.2012.2220110

Marek Pavlik was born on 24.10.1985 and he is a
PhD student at the Department of Electric Power
Engineering on the Faculty of Electrical Engineering
and Informatics at Technical University of Kosice.
He received a master degree in electric power
engineering. His scientific research is mainly focused
on research of reflection, penetration and absorption
of electromagnetic waves in layered materials.
Address: Maisiarska 74, 04120 Kosice, Slovak
republic; Phone: +421556023562;

E-mail: marek.pavlik@tuke.sk

Iraida Kolcunova graduated the Department of
High Voltage Engineering, the Faculty of Power
Engineering at the Moscow Power Engineering
Institute in 1979. She received the PhD degree
from Slovak Technical University of Bratislava in
1993. She became a Professor of Electric Power
Engineering at the Faculty of Electrical
Engineering and Informatics at the Technical
University of Kosice in 2009. Since 1979 she has
been working at the Technical University, first as a

research worker in High Voltage Laboratory, then as a teacher at the
Department of High Voltage Engineering. Her main research topics are the
degradation of insulating materials and the measurement of partial discharges
in high voltage equipment. She lectures about the Diagnostics of High Voltage
Equipment and High Voltage Engineering.

E-mail: iraida.kolcunova@tuke.sk

50

electromagnetic field exposure study with posable human body model,”
IEEE International Symposium on Electromagnetic Compatibility (EMC),
2010, pp. 702-705. http://dx.doi.org/10.1109/ISEMC.2010.5711363

Jan Zbojovsky is a PhD student at the Department
of Electric Power Engineering on the Faculty of
Electrical Engineering and Informatics at Technical
University of Kosice. He received a master degree
in electric power engineering. His scientific
research is mainly focused on modelling the
distribution ~ of  electromagnetic ~ field in
inhomogeneous material environment.

E-mail: jan.zbojovsky@tuke.sk

Dusan Medved® is an assistant professor at the
Department of Electric Power Engineering at
Technical University of Kosice. His main
specialization is electro-heat processes and
optimization of heating equipments. Nowadays, he
deals with the computer modelling of thermal and
electromagnetic fields using numerical methods and
with the computer modelling of electrical system
elements.

E-mail: dusan.medved@tuke.sk


http://dx.doi.org/10.1109/EMBC.2012.6347282
http://dx.doi.org/10.1109/TAP.2012.2220110
http://dx.doi.org/10.1109/MWSYM.2013.6697642
http://dx.doi.org/10.1109/ISEMC.2010.5711363

