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This paper deals with modelling the penetration and absorption of high frequency electromagnetic field through the
building material. It is focused on distribution of electromagnetic field in frequency range from 1.5 to 5.0 GHz, penetrating
through the building material of different thickness. Nowadays in some domestic appliances and wide area exists a lot of
electric and electronic devices, which are the sources of electromagnetic interference. To protect against electromagnetic
interference in first case is important design concept of the devices, and some additional protection can be represented by
construction works of rooms or building. For this reason, the article sets out to evaluate the shielding effectiveness and
absorption of specific building materials in term of their harmful effect on the human body. Simulation of the penetration of
HF electromagnetic field is createdin the ANSYS HFSS.
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Posensinymo mo0eno8ants NPOHUKHEHHS | NOIUHAHHA BUCOKOYACHOMHO20 eNeKMPOMACHIMHO20 NOos GyOi6eIbHUMU
mamepianamu. OCHO6HA Y6az2a 30cepedHceHa HA NOWUPENHI eleKMPOMASHIMHO20 OIS, WO NPOHUKAE Yepe3 OYOieenbHi Ma-
mepianu 3 pi3HUMU Xapakxmepucmuxamu 6 oianazowi yuacmom 6i0 1,5 0o 5 I'Ty. Huni € bazamo enekmpuyHoz2o i eneKmpoHHO-
20 0011aOHAHHS, sKe € 0JiCepPesioM eleKmpoMacHimHuX 3a6ao. LLlob 36ecmu 00 MiHIMYMY ye 6MPYUaHHs, OYIHCe BANHCIUBO NPA-
BUNILHO CHPOEKMYBAMU KOHCIMPYKYil0, NPUYOMY 000AMKOBUL 3AXUCH MONCHA 3a0e3nedumu 30 00NOMO20I0 eKPaAHY8aAHHs
OKpeMUX 4yacmut 00naoHanHs. 3 ypaxyeantam eUesuKiaoeH020, npogeoeHo OYiHIO8AHHA eeKMUEHOCMI eKPaHY8aHHA Ha
nesHux 0yoigenbHux Mamepianiax i ix KomOiHayil 3 Memor niosuujerHs epekmugHocmi ekpanysants. Pospaxynxu npoeoou-
aucs y npoepamuomy komnuexci ANSYS HF'SS.

Kniouosi cnosa: enexmpomacnimue noie, nowupents eneKmpomMacHimto2o nojs, eKkpany8anis, eQeKmueHicms ekpamy-
eanns, Ansys.

Puc.: 4. Tabn.: 3. bion.: 7.

Paccmompeno moodenuposanue NPOHUKAHUA U NOLTOWEHUSL 8bICOKOUACMOMHO20 INEKMPOMASHUMHO20 NOJIA CHPOUne-
aHbIMU Mamepuanamu. OCHO8HOe 8HUMAHUE YOeNAeMCs PACHPeOeNeHUI0 INEKMPOMAZHUMHOZ0 OIS, NPOHUKAIOWe20 Yepes
cmpoumenbHble MAmepualbl PA3HbIX CEOUCME 8 YACMOmMHOM Juanazone 00 1,5 0o 5 I'Ty. B nacmosiwyee epems cywecmeyem
yenvlil psiod ANEKMPUYECKO20 U INEKMPOHHO20 060PYO0BAHIUS, KOMOPOe ABNAEMC s UCMOYHUKOM DNEKMPOMACHUMHbBIX NOMEX.
UYmobwbl ceecmu K MUHUMYMY NOMEXU, NPU paspabomke 9mo2o 000py008aHUs. OUeHb 8AHCHO NPABUILHO CHPOEKMUPOBANTL
KOHCMPYKYUio, npudem OONOTHUMENLHYIO 3AUUNY MOHCHO 06eChequmy ¢ NOMOWbIO 00CMAMOYHO20 IKPAHUPOBAHUS OMOe-
MbHBIX Yacmeti 060pyoosanus. C yuemom GbluleUusoNceHHo20, nPoeedend OYeHKa P HeKmueHoCmu IKPAHUposanus onpeoe-
JIEHHBIX CIMPOUMENbHBIX MAMEPUATIO8 U UX KOMOUHAYULL C Yelblo nogbluleHus e2o dghdexmusnocmu. Cumynsyuu OvLiu npous-
6edeHbl Ha npoepammuom komnaekce ANSYS HFSS.

Knioueguie cnosa: snekmpomacnumnoe none, pachpocmpanenue 601H, IKpAHUPOSAaHue, dPHekmusHocms SKpAHUposa-
Husl, Ansys.

Puc.: 4. Tabn.: 3. buébn.: 7.

Introduction. We can say that nowadays everyone is exposed to electric and magnetic
fields generated from electricity transmission, telecommunication, broadcasting devices,
aviation and from industrial area. The electromagnetic fields exposition has been continually
increasing since the 20th century. Based on numerous scientific studies it is established, that
exposition to electromagnetic field can affect the correct function of devices, and can cause
harmful effects on biological organism. For example, one case from 1984. The fighter aircraft
has crashed near Munich due to the interference of the electronic control system by
electromagnetic waves. Therefore it is necessary to protect equipment’s and biological
organisms against the harmful effect. Electrical systems must be resistant against the activity
of other systems and cannot adversely affect the normal operation of other systems and
devices. Electromagnetic interference can cause severe problems, and this should be taken
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into account during the design of new equipment. Shielding is commonly used to protect
against the harmful effect of electromagnetic field.

Modeling of electromagnetic fields around electrical equipment and in each part of these
devices are now an important part of the development and analysis which are important to the
quality of equipment with regard to electromagnetic compatibility. These analyzes are
performed by computing program. The simulation is performed in the program Ansys high
frequency structural simulator. In this article is simulated and calculated the shielding
effectiveness of field penetration through the glass and brick, and combinations with
conductive surface. Frequency range is from 1.5 GHz to 5 GHz and simulations are created in
HFSS (High frequency structural simulator). In the conclusion is described the comparison of
shielding effectiveness for common frequencies using in telecommunication area.[1][2][3][4]

1. Equations of the electromagnetic field

The electromagnetic field is characterized as a physical field in which the electric and
magnetic forces operate in the space.

It is described by Maxwell’s equations:

vxH=1+D; (1)
ot
VxE = _9 B; (2)
ot
V-B=0 V-D=p. (3)
And supplementary equations:
B=uH D=¢E; 4)

1 A 0’4 0°4
[8 0 0 ]z—J;I—jwvA. (5

+——5+
ot (OX° dy" 0z

The electromagnetic compatibility (EMC) is divided to EMC of biological systems and
EMC of technical systems. The EMC of biological systems dealt with effects of
electromagnetic field on human organism and they have been published in many research
works. The EMC of technical systems deals with the interaction and coexistence of technical
equipment, especially electrical and electronic devices and equipment. [3], [4]

As it was mentioned above, one of the basic ways to protect against harmful effect and
interference between equipment’s is shielding. [5], [6]

Shielding effectiveness can be expressed by:

SE=|Ei|-| E (6)
SE=|H,|-| H> (7)

Where E;, H; represents the magnitude of electric and magnetic field impinging on a
shielding material (barrier) and E,, H, represents the magnitude of electric and magnetic field
at some specific point of shielded area. [7] These equations is for case, if the value of the
transmitted signal is set in logarithmic unit.

2. Modelling the propagation of electromagnetic waves and calculation of shielding
effectiveness

The electromagnetic field simulations depending on frequency are realized in the program
HFSS (High Frequency Structure Simulator). HFSS is a high-performance full-wave
electromagnetic field simulator for arbitrary 3D volumetric passive device modeling and uses
a numerical technique called the Finite Element Method (FEM), Integral Equation (IE) or
Physical Optics (PO) solution techniques.

A model is represented by waveguide with input and output ports, in the center of which
the shielding material is located. The input power is 1W and frequency range is set from 1.5
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to 5 GHz, with step 0.01 GHz. Convergence was created to 6 steps. On the following picture
the waveguide model is shown. The surrounding area is air.

Fig. 1. Model of waveguide

Table 1
Material properties
Material Relative permitivity Relative permeability
Air 1.0006 1.0000004
Glass 5.5 1
Brick 4.01 1

Next picture represents the propagation of electromagnetic wave through the glass with
thickness 0.5 cm.

Wi

Fig. 2. The electromagnetic wave propagation for glass (thickness 0.5cm)
The average value of shielding effectiveness for glass is 0.0002 dB.

On the following picture (Fig. 3) is shown the propagation of electromagnetic wave
through the glass and conductive surface with resistance 50 ohm.
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Fig. 3. The electromagnetic wave propagation for glass (thickness 0.5cm) and conductive surface
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The average value of shielding effectiveness in that case is 3.4175 dB.
The propagation of electromagnetic wave through the brick and conductive surface with
resistance 50 ohm is shown on the last picture.

E Field [¥#n]

4, BIZTEE

. u.stase 002
4. ABBIE B2

5 2

0 1% 30 {om)

Fig. 4 The electromagnetic wave propagation for brick (thickness 10cm)

The average value of shielding effectiveness for brick with thickness 10 cm is 0.0233 dB.

Generaly, shielding effectiveness of building materials is very low. If we want to increase
the shielding effectiveness it is appropriate to combine the materials.The following tables
shows the frequencies, for which is the shielding effectiveness calculated, calculated shielding
effectiveness and average value of shielding effectiveness.

Table 2
Frequencies for comparing of the shielding effectiveness
Frequency [GHz] Utilization
1.8 Mobile network (2G)
2.1 Mobile network (3G)
2.4 WiFi
2.6 Mobile network (4G LTE)
5 WiFi
Table 3
Calculated shielding effectiveness
Frequency [GHz] Shielding material Shielding effectiveness [dB]
Glass 0.5 cm 0,000011
1,8 Glass — conductive surface 50 ohm 0,2870721
Brick thickness 10 cm 0,000899
Glass 0.5 cm 0,000042
2,1 Glass — conductive surface 50 ohm 0,5343802
Brick thickness 10 cm 0,000176
Glass 0.5 cm 0,000299
2,4 Glass — conductive surface 50 ohm 0,8451156
Brick thickness 10 cm 0,002037
Glass 0.5 cm 0,0000264
2,6 Glass — conductive surface 50 ohm 1,10207195
Brick thickness 10 cm 0,003566
Glass 0.5 cm 0,0001325
5 Glass — conductive surface 50 ohm 11,0739871
Brick thickness10 cm 0,112538

Conclusion. This paper was aimed to determinate the shielding effectiveness of glass,
brick and combinations of some materials. This was achieved by simulation of
electromagnetic field in computational software Ansys HFSS. Frequency range was from 1.5
to 5 GHz with step 0.01. The average value of shielding effectiveness for glass with thickness
0.5 cm was 0.0003dB. It means that glass shield the electromagnetic field minimally. For
combinations glass + conductive surface with 50 ohm it was 3.4175dB. The average value of
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shielding effectiveness for brick with thickness 10 cm is 0.0233 dB. Then the shielding
effectiveness for frequencies using in telecommunications was compared. The best value of
shielding effectiveness achieved combination glass + conductive surface for frequency 5 GHz
and it was 11.0739871 dB.

In this article there were shown the simulations of the electromagnetic field distribution
and calculated shielding effectiveness some building materials with different thickness and
with conductive surface.

In the future it will be interest to investigate the shielding of electromagnetic field, with
wider frequency range, and with various building and other materials which can be used as an
appropriate shielding material for various equipment’s.
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