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Abstract — This paper deals with the solution of 

electromagnetic field distribution in the vicinity of 22 kV 

poles equipped with the bird barriers. However, in some 

cases, these barriers serve as birds' habitats. Bird barriers 

are mostly electrically and magnetically non-conductive. 

However, due to the weather conditions, the material 

properties of these barriers are changed. For the purpose 

of this paper, appropriate anti-bird barriers have been 

selected that have been placed in a high-polluted area. Due 

to pollution, electric and magnetic properties on the 

surface had changed. Since pollution was an electrically 

conductive material, it also affected the distribution of 

electrical and magnetic fields. Therefore, this paper 

presents the results of simulations of the distribution of 

electric and magnetic fields around 22 kV poles fitted with 

bird barriers, considering a high degree of pollution of the 

avi-barrier. 
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I. INTRODUCTION 

This article analyzes and describes the electromagnetic 
field distribution around console of the 22 kV pole. The main 
initiative for the solution of the subject matter was the fact that 
the placement of bird barriers in areas with a high degree of 
contamination and pollution can affect the distribution of the 
electric and magnetic fields around the pole. A dirty barrier is 
essentially a high-ohmic load, and for a given high-voltage 
power line it is like a short-circuited turn. Pollution affects the 
change in the distribution of the electromagnetic field and it is 
therefore necessary to consider this change, which can affect 
eg. higher power losses, higher corona rates at the edges or 
edges of the soiled barrier, higher safety requirements for live 
work on these poles and the like. 

For this reason, this article describes a computer simulation 
in the ANSYS Workbench environment of the electromagnetic 
field distribution around the 22 kV pole console. The 
simulation results for different barrier types were evaluated and 
compared. 

II. ANALYSIS OF THE DISTRIBUTION OF THE 

ELECTROMAGNETIC FIELD AROUND THE HV POLES, BEFORE 

AND AFTER EQUIPPING THE BIRD-BARRIER 

A. Analysis of magnetic field distribution 

The 22 kV pole, together with its base and conductor 
fasteners, eventually grounding cables, is the element of the 
support points that form the external power lines. Their shape, 
height, construction and material depend mainly on the voltage 
level and the number of systems. An iron-concrete pole of 
22 kV power line with horizontal conductor arrangement was 
considered in this paper (Fig. 1). 

 

Figure 1.  View of considered (real) 22 kV pole 

 

Figure 2.  View of a modeled 22 kV pole 
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The following material constants listed in Table I [20–24] 
were used to simulate the magnetic field distribution. Pollution 
represents continuous solid contamination of 1 mm thickness 
and with electric and magnetic properties mentioned in Table I. 

TABLE I.  MATERIAL CONSTANTS FOR MAGETIC FIELD 

Material 
Relative magnetic 

permeability [–] 

Electric 

resistivity [Ω/m] 

Concrete 1,0013 400 

Copper 0,99999 1,75.10–8 

Plastic (PVC) 1 1.1014 

Porcelain 1 1.1013 

Air 1,0000003 1.1011 

Iron 50 1,3.10–7 

Pollution 1,0006 34,84 

 

Additional data were needed to be set up in the ANSYS 
Workbench, like current load of the conductors. Since the most 
unfavorable state was sought in this analysis, a full load of 
phase conductors, ie 300 A, was considered. 

The simulations were performed on a server where the 
ANSYS software license was installed (12-core processor, 96 
GB RAM). The calculation was quite fast (meshing about 4 
hours (mesh size 1 cm), calculation of magnetic induction 
distribution, or electrical intensity: about 3 hours). 

Pole without bird barriers 

In order to compare the magnetic induction values around 
the contaminated bird barrier, it was necessary to first calculate 
the magnetic field distribution around the 22 kV pole console 
without using an avi-barrier (Fig. 3). 

 

Figure 3.  Magnetic field distribution around the 22 kV pole 

The highest values of magnetic induction B are located in 
the center of the console because it is magnetized not only from 
the middle phase L2, but also from the remaining (outer) phases 
L1 and L3 (Fig. 3). It can also be observed that, without the 
presence of bird barrier, and with a symmetrical load, the 
magnetic field is not deformed. The biggest influence on the 
magnetic field distribution is the metal pole console, which has 
relatively high relative permeability. 

Pole with ridge bird barriers 

Although there are no new ridge barriers at the moment, 
there are still plenty of poles where these ridge barriers are 
being installed. For this reason, these types of barriers were 

also considered in the simulations. The shape and fitting of the 
ridge barriers can be seen in Fig. 4. 

 

Figure 4.  View of the 22 kV pole fitted with the ridge barriers 

 

Figure 5.  Magnetic field distribution around the 22 kV pole fitted 

with ridge barriers 

The presence of ridge barriers does not have a significant 
effect on the magnetic field distribution (Fig. 5). This is due to 
the fact that these ridge barriers are made of a plastic material 
that has a relative magnetic permeability close to 1. For this 
reason, these ridges are very little magnetized. Furthermore, it 
is seen that the highest values of magnetic induction B are 
found on the carrier console, due to the fact that its relative 
permeability is high compared to other materials. It is also seen 
that the higest values of magnetic induction are located in the 
center of the console where the adjacent phases L1 and L3 are 
affected. 

Since the barrier is relatively difficult to contaminate on its 
surface (from the top of the barrier, at the tips), the resulting 
magnetic field distribution, including contamination, was 
almost identical to the no-pollution variant. 

 

Figure 6.  Comparison of the pole magnetic field and the magnetic 

field of the pole with ridge barriers at conductor height 

conductor height – no barriers 
 

conductor height – poluted barriers 

conductor height – clean barriers 
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Pole with bracket barrier against birds 

The currently most widely used type of bird barrier used on 
22 kV pole consoles is so-called bracket barrier. Its advantage, 
compared to other types of barriers, is that it allows the birds to 
short-time to sit on barrier, while electrically isolating the 
conductive parts from the possible contact of the bird with the 
conductor. 

 

Figure 7.  View of the 22 kV pole fitted with a bracket barrier 

 

Figure 8.  Magnetic field distribution around a 22 kV pole fitted with 

a bracket barrier 

The largest values of magnetic induction appeared on the 
support metal console (Fig. 8). Thanks to the middle phase 
(L2), a magnetic induction of 0.27 mT is induced on the surface 
of the bracket barrier. Based on the results of the simulation, it 
can be said that the presence of the bracket barrier itself does 
not affect the shape of the magnetic field, mainly because the 
bracket barrier is made of plastic material. 

 

Figure 9.  Magnetic field distribution around a 22 kV pole fitted with 

a bracket barrier and with pollution 

The pollution caused an increase in the maximum magnetic 
induction value to 6.2 mT, because the electrical conductive 
contamination represented a quasi short-circuit turn (Fig. 9). As 
a result, magnetic induction values have increased in other 
locations around the console. This fact is due to the bracket 
barrier is fixed directly to the support console and also its top 
surface, which can become dirty, is quite large, therefore its 

influence on the magnetic field distribution is also greater than 
in other types of bird barriers. 

 

Figure 10.  Comparison of magnetic field of pole without avi-barrier 

and fitted with bracket barrier at height of phase conductors 

Pole with „H“-shape barrier against birds  

Another protection against birds is the 4TECH „H“ barrier. 
The ZSE distribution company mainly uses this bird barrier, 
but it can also serve as an alternative to, for example, a bracket 
barrer or ridge barrier (Fig. 11). 

 

Figure 11.  View of 22 kV pole fitted with avi-barrier of „H“-shape 

 

Figure 12.  Magnetic field distribution around the 22 kV pole fitted 

with avi-barrier of „H“-shape and with pollution 

From Fig. 12 it can be seen that if this barrier is 
contaminated, the maximum value of the magnetic induction 
rises to a value of nearly 8 mT, since the electrical conductive 
contamination represents a quasi short-circuit turn. Therefore, 
there is an increase in magnetic induction values. The shape of 
the magnetic field has not been greatly influenced by the fact 
that these barriers are made of plastic material and because the 
relative permeability of the pollution is in the range of 
paramagnetic substances. 

conductor height – no barriers 
 
conductor height – poluted barriers 

conductor height – clean barriers 
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Figure 13.  Comparison of magnetic field of pole without avi-barrier 

and fitted with „H“-shape barrier at height of phase conductors 

B. Analysis of the electric field distribution 

As mentioned above, the distribution of the electric field 
was solved separately in the ANSYS Workbench, not as 
a coupled field problem of electric and magnetic fields. 

The material properties (electrical resistivity) of the 
respective pole components were selected according to Table I. 
Other input data in the simulations were values of the load. 
Since limit states were addressed for the purpose of this paper, 
a 100% phase conductor load (300 A) and a voltage of 23.6 kV 
were selected for the simulation. 

The presentation of the results of the electric field will be 
in this paper in the form of graphs that were read on the 
selected curves (Fig. 14). 

 

Figure 14.  Curves along which the electric intensity was measured 

 

Figure 15.  The course of the electric field intensity around the pole 

without barrier at different heights above the conductors 

The graph in Fig. 15 shows that the highest values of the 
electric field intensity are at the hight of conductors (note: not 
inside the conductors, where E = 0), where in the places where 
the phase conductors are located it reaches about 25 000 V/m. 
Furthermore, it can be seen that higher values are also in the 
middle. This mean height is needed to make further 
comparisons between individual bird barriers and to compare 
them at the same height. It can also be seen that the highest 
values occur around the phase conductors, with a value of 
about 6000 V/m. This rapid decrease in values was because the 
electric field intensity values are decreasing indirectly with the 
square of the distance from the source. It should be noted that 
the graph did not indicate values from inside the conductor and 
from near surroundings of the conductor (where the path curve 
passed through the conductors) because the values were 

oscilated, respectively, in the order of 1×105 V/m, what would 
lead to distortion of the graph and its visual opacity. 

The following graphs show the results of electrical 
intensity courses around the selected types of avi-barriers. 

 

Figure 16.  Comparison of the electric field intensity around the pole 

with no barrier and pole with ridge bird barriers that are contaminated 

 

Figure 17.  Detailed view of the sites where pollution was applied 

 

Figure 18.  Comparison of the electric field intensity around the pole 

with no barrier and pole with bracket barriers that are contaminated 

conductor height – clean barriers conductor height – no barriers 
 

conductor height – poluted barriers 

Mean height – without barriers Cond. height – without barriers 

Mean height – without barriers Mean height – bracket barriers 

Mean height – without barriers Mean height – ridge bird barriers 
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Figure 19.  Comparison of the electric field intensity around the pole 

with no barrier and pole with „H“-shape barriers that are contaminated 

From graphical dependence in Fig. 19 it can be seen that 
when the bird barrier is contaminated, the values of the electric 
field intensity at the conductor height decrease. As far as the 
electric field intensity in the middle height is concerned, the 
trend continues from the variant without pollution. The values 
of the electric field intensity at this height are comparable to 
those of a pole without barriers or even decrease below these 
values in some places. Exception is the location around the L3 
phase conductor. This trend is because the “path” curve along 
which the electric field intensity values are measured is high 
above the bird-placing where the bird barrier is polluted. 

III. CONCLUSION 

The aim of this paper was to analyze and describe the 
distribution of the electromagnetic field in the case of the 
application of a bird-barrier to the construction of 22 kV pole 
console. To compare the values, the EMF characteristic values 
were selected, namely the magnetic induction and the electrical 
intensity that are given in this paper. 

It should be noted that, according to the simulated values, if 
the plastic material is used for barriers, their influence on the 
magnetic field is minimal. As far as the impact on the electric 
field is concerned, the electric field intensity values have 
increased mainly around the phase conductors. Therefore, it is 
also necessary to consider whether these elevated values can 
adversely affect birds in contact, and whether high electric field 
intensity can result in any injury or injury to birds and whether 
the operator cannot be compromised in the event of 
maintenance. Therefore, distribution system operators should 
address this issue, develop similar but more complex analyzes, 
complemented by real measurements and innovate bird-barriers 
so that their impact, whether on birds, distribution of 
electromagnetic fields or operators, is minimized. 

ACKNOWLEDGEMENT 

This work was supported by the Ministry of Education, 
Science, Research and Sport of the SR and the Slovak 
Academy of Sciences under the contract No. VEGA 1/0372/18 
and VEGA 1/0435/19. 

REFERENCES 

[1] L. Deutschová, M. Galis, „Vtáky a elektrina“. [online]. Available 
at: < https://www.lifeenergia.sk/index.php/projekt/hlavne-
informacie/item/406-vtaky-a-elektrina > 

[2] Úrad priemyselného vlastníctva SR, „Ochranný kryt elektrických 
rozvodných vedení“, 2008. [elektronický dokument]. Available 
at: < http://skpatents.com/7-u5054-ochranny-kryt-elektrickych-
rozvodnych-vedeni.html > 

[3] D. Mayer, „Aplikovaný elektromagnetizmus“, Nakladatelství 
Kopp, České Budejovice 2012, 540 p. ISBN 978-80-7232-436-1. 

[4] D. Mayer, J. Polák, „Metody řešení elektrických a magnetických 
polí“, Praha 1983. 450 p. 

[5] D. Rot, J. Jiřinec, J. Kožený, A. Podhrázký, J. Hájek, S. Jiřinec, 
„Induction system for hardening of small parts”. In Proceedings 
of the 2018 19th International Scientific Conference on Electric 
Power Engineering (EPE). Piscataway: IEEE, 2018, p. 277-282. 
ISBN: 978-1-5386-4612-0, ISSN: 2376-5623. 

[6] R. Cimbala, L. Kruželák, S. Bucko, J. Kurimský, M. Kosterec, 
“Influence of Electromagnetic Interference on Time-Domain 
Spectroscopy of Magnetic Nanofluids”, In: EPE 2016. Danvers: 
IEEE, 2016, p. 279 - 282. ISBN 978-1-5090-0907-7. 

[7] J. Zbojovský, P. Liptai, M. Moravec, “Modelling and 
calculating the shielding effectiveness of building materials”, In: 
Technical sciences and technologies. Vol. 6, no. 4 (2016), p. 
205-210. ISSN 2411-5363. 

[8] M. Kanálik, M. Pavlík, M. Kolcun, “The impact of multi-system 
overhead lines operation with different voltage levels to voltage 
unbalance”, In: Elektroenergetika 2015. Košice: TU, 2015, 
p. 73-76. ISBN 978-80-553-2187-5. 

[9] M. Kanálik, M. Kolcun, “Computation of harmonic flows in 
three-phase systems”. In: Acta Electrotechnica et Informatica. 
Vol. 7, No. 3 (2007), p. 41-45. ISSN 1335-8243. 

[10] J. Zbojovský, M. Pavlík, Z. Čonka, L. Kruželák, M. Kosterec, 
“Influence of shielding paint on the combination of building 
materials for evaulation of shielding effectiveness”, In: EPE 
2018. Brno: Un.ofTechn., p. 324-327. ISBN 978-1-5386-4611-3. 

[11] J. Zbojovský, et al., “Model of anechoic chamber for evaluating 
the shielding effectiveness of electromagnetic field”, Acta Techn. 
Corviniensis. Vol. 10, no. 3, pp. 159-161, ISSN 2067-3809. 

[12] M. Pavlík, et. al., “The mapping of electromagnetic fields in the 
environment”, In: Acta Technica Corviniensis: Bulletin of 
Engineering. Vol. 10, no.2 (2017), p. 107-110. ISSN 2067-3809. 

[13] M. Pavlík, et. al., “The impact of electromagnetic radiation on 
the degradation of magnetic ferrofluids”, In: Arch. of El. Eng. 
Vol. 66, no. 2 (2017), p. 361-369. ISSN 1427-4221. 

[14] V. Královcová, Z. Martínek, “Evaluation of photovoltaic power 
plan”, Proceedings of the 13th International Scientific 
Conference EPE 2012, Electric Power Engineering 2012, 23.-
25.5.2012 hotel SANTON - Brno, Czech Republic, University of 
Technology Brno. IEEE, ISBN 978-80-214-4514-7. 

[15] J. Kyncl, M. Novotny, “Education of Digital and Analog 
Circuits supported by computer algebra system”, (ISCAS) 2011 
IEEE International Symposium on Circ. and Syst., p. 341 - 344, 
DOI: 10.1109/ISCAS.2011.5937572, ISBN: 978-1-4244-9473-6. 

[16] M. Tesařová, R. Vykuka, “Impact of Distributed Generation on 
Power Flows Along Parallelly Operated MV Feeders”, 
Proceedings - 2018 IEEE International Conference on 
Environment and Electrical Engineering and 2018 IEEE 
Industrial and Commercial Power Systems Europe, EEEIC/I and 
CPS Europe 2018, DOI: 10.1109/EEEIC.2018.8493640. 

[17] K. Nohac, M. Tesarova, L. Nohacova, J. Veleba, V. Majer, 
“Utilization of Events Measured by WAMS-BIOZE-Detector for 
System Voltage Stability Evaluation”, IFAC-PapersOnLine, 
Volume 49, Issue 27, 2016, Pages 364-369, DOI: 
10.1016/j.ifacol.2016.10.747. 

[18] Ž. Eleschová, A. Beláň, B. Cintula, B. Bendík, “Smart grids 
analysis - View of the transmission systems voltage stability”, In 
EPE 2018. Brno: University of Technology, 2018, p. 37-42. 
ISBN 978-1-5386-4612-0. 

[19] D. Kaprál, P. Braciník, M. Roch, M. Höger, “Optimization of 
distribution network operation based on data from smart 
metering systems”, Electrical Engineering, Vol. 99, Issue 4, 
Springer, New York, USA, 2017, December, pp: 1417-1428, 
ISSN 0948-7921.  

[20] Kaye&Laby, “Magnetic properties of materials”, 2017. [online]. 
Available at: < http://www.kayelaby.npl.co.uk/general_physics/ 
2_6/2_6_6.html >. 

Mean height – without barriers Mean height – “H”-shape barriers 



The 10th International Scientific Symposium ELEKTROENERGETIKA 2019, 16.-18. 9. 2019, Stará Lesná, Slovak Republic

80

[21] NGU, “Magnetic Susceptibility Measuremets on Concrete”, 
1998. [online]. Available at: < https://www.ngu.no/upload/ 
Publikasjoner/Rapporter/1998/98_122.pdf >. 

[22] Fyzikální cabinet, “Měrný odpor a teplotní součinitel 
elektrického odporu”, 1988. [online]. Available at: 
< http://kabinet.fyzika.net/studium/tabulky/merny-odpor.php >. 

[23] TechmaniaScienceCenter, “Odpor vodiče”, [online]. Available 
at: < https://edu.techmania.cz/cs/encyklopedie/fyzika/elektricky-
proud/odpor-vodice >. 

[24] ResearchGate, “Electrical resistivity and the dielectric constant 
of materials”, [online]. Available at: < https://www.researchgate. 
net/figure/Electrical-resistivity-and-the-dielectric-constant-of-
materials-related-to-iron-rust-at_tbl1_276039770 >. 

..

 


