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SUMMARY

To protect the worker against the possibly
harmful effects of electric field can be
ensured effectively by a well-designed
conductive clothing acting as a Faradaycage. Inside an ideal Faraday cage –
which is an enclosed metal surface –
electric field is zero. Efficiency of
conductive
clothing
are
mainly
determined by the maximal size of the
holes on them and is usually above 99%.
In case of extra-low frequency (ELF),
effects of electric and magnetic fields
have to be taken into consideration
separately from each other. Although
conductive clothing – which are widely
used during high voltage live-line
maintenance – can shield the electric
field effectively, based on the result of the
measurements executed in the High
Voltage
Laboratory
of
Budapest
University of Technology and Economics
(BUTE), they are not effective enough to
shield magnetic field at all.
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Calculations and finite element (FEM)
simulations based on the data of the
Hungarian high voltage grid – as an
essential part of the European power
market – have proved that in some cases
the
current
flowing
through
the
conductors of a high voltage power line
may induce currents in the human body.
This induced current might be higher than
the current limits. It is a practical and
actual question to eliminate all the
hazards which may endanger the safety
of live-line workers. Although it is not
easy to shield magnetic field effectively in
practice, a new way of protection has
been developed and introduced in the
High Voltage Laboratory of BUTE. The
application of this method together with
the conductive clothing can be the key of
totally safe high voltage live-line work
with the full control of both electric and
magnetic fields at any time. Safety of the
worker has always to be handled as a
first priority during any kind of work –
especially in case of an energized
network.

the current density and the length of the line

Introduction

cannot been in the same scale than the
Live-line maintenance can guarantee the
execution of various kinds of activities on the
different equipment of the low, medium and
high

voltage

grid

while

the

system

is

energized. This way of work has numerous
technical and economic benefits without any
consumer disturbance. The method – often
called as the “future of maintenance” – is
beneficial from both the side of the consumer

wavelength. In case of typical power lines with
a frequency of 50 or 60 Hz, typical wavelength
is 6000 and 5000 km, which is much longer
than the length of any conventional power line
regardless of voltage level. Drift currents are
determined by material and frequency; in case
of aluminium-steel conductors with a supposed
conductivity of 107 Ω/m, critical frequency is
about 1017 Hz.

and the TSO or DSO [1].
Lately different methods of LLM became
popular because of the advantages introduced
above. Besides its well-known benefits, from
the other side all risks related to the LLM
personnel have to be taken into consideration.
The main aim of this paper is to clarify the nonvisible sources of danger from the aspect of
both short and long-term effects of electric, but
especially magnetic fields. With the growth of
TSOs and DSOs applying different LLM
methods, this

mostly unclarified question
Figure 1. Electromagnetic wave [2].

become up-to-date, important, practical and
more and more urgent to handle in a proper
Both

way.

the

length-

and

material-related

conditions show that in case of industrial

Electric and magnetic fields (EMF)

frequency,

and

conventional

material

selection/design, none of the fields around the
Electric and magnetic fields together are often
referred as “electromagnetic fields” but from
the aspect of the topic it is especially important
to

clarify the

basic

differences

between

electric, magnetic and electromagnetic fields.
Static electric/magnetic fields have two criteria
to meet: drift currents have to be negligible to

power

lines

can

be

handled

as

an

electromagnetic field; electric and magnetic
fields – and the effects of them – have to be
taken into consideration separately from each
other. These properties are often summarized
by referring them as extra low frequency (ELF)
fields, usually below 100 kHz.

Both electric and magnetic fields have several

Effects of ELF magnetic fields

short- and long term health effects above a
given limit. These limits are defined by the
International

Commission

on

Non-Ionizing

Radiation Protection. Because of the nonionizing nature of these kinds of exposures,
exposure doses cannot been defined. Current
values together with the past-2010 limits are
summarized in Table 1.

Short-term

effects

magnetic fields have several effects on body
organs especially with high moisture rate (e.g.
human

eyes).

regarding to ELF electric and magnetic fields
[3], [4], [5].

precision

of

based on the results of different in-vitro and in-

epidemiological inspections

have been executed lately to inspect the
possibly harmful long-term effects of magnetic
fields above the limits. The main reason is that

Magnetic field

ELF magnetic fields are often referred as the

limit [kV/m]

limit [µT]

possible reason of childhood leukaemia [4]. As

2010

(8h/day)

in

Electric field

Before

Occupational

Decrease

movements is also reported in various articles

[4]. Numerous

(24 h/day)

above-the-limit ELF

vivo experiments inspecting bio-currents [3],

Table 1. Current and previous limits of ICNIRP

Public
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Before
2010

a result of the studies, WHO’s cancer research
Currently

institute, International Agency for Research on
Cancer has qualified ELF magnetic fields as

5

5

100

200

10

10

500

1000

possibly carcinogenic to humans (category
“2B”) [6]. As it can be seen, proper shielding of
ELF magnetic field is as important – or even
more important – than the proper shielding of

Effects of ELF electric fields

ELF electric fields. For the proper simulation of
a typical high voltage power line, a crossborder Hungarian interconnection – as a part

However electric fields are not categorized as
the root cause of any possibly harmful effect,
short-term above-the-limit exposure values
may cause discharges on the surface of the
skin and generate eddy currents in the human
body - as a result of drift currents - which have
similar long-term effects than static magnetic
fields. These are the main reasons why electric
fields also have a specified limit prescribed by
ICNIRP.

of ENSTO-E’s European grid – has been
selected. Based on the data of the Hungarian
TSO, typical peak current load of this given
power line is about 2 kA per phase. In case of
localized sources (in a distance of less than 20
cm) limits of Table 1 cannot been applied
directly [3], [4], [7]; dosimetric calculations
have to be executed case by case instead. For
this case the reference current density value is
10 mA/m2 inside the human body. Model of
IEC 62233 [8] is shown in Figure 2 with the
results of the finite element calculations for

current densities. The distance from the phase
conductor was 10 cm (3.94”) which is typical in
case of barehand method – widely applied as
a

technology

of

high

voltage

live-line

maintenance worldwide. As it can be seen
form the results, current density in the head –
which is one of the most critical part of the
human body – may exceed the limit during
normal

operational

conditions.

The

main

Figure 2.b. Calculated induced current

question about the topic is whether ELF

densities in the head.

magnetic fields can be shielded by the
conductive clothing similarly to ELF electric
fields or not. To clarify this question different
types

of

conductive

clothing

have

been

inspected in the High Voltage Laboratory of
Budapest

University

of

Technology

and

Economics (BUTE). As results show none of
the conventional clothing is effective from the
shielding of ELF magnetic fields at all [9].
Because of the exposure values (induced
currents) above the limits and the ineffective
way of current shielding it is especially urgent
and important to find a solution to prevent the
workers from the possibly carcinogenic effects
of these kind of fields.

Ways of EMF shielding EMF
Although generation of both ELF electric and
magnetic fields are regardless from voltage
level or current load, in case of most low and
medium voltage overhead lines, relatively low
voltage

and

current

(or

relatively

high

distances) can guarantee the safety of the
worker without any additional need of any kind
of shielding. In case of high voltage LLM, both
electric and magnetic fields might be above
their valid limits [10], [11], [12]. Electric fields
can be shielded effectively by a conductive
clothing acting as a Faraday cage. Inside an
ideal Faraday cage (an enclosed conductive
surface) electric field is zero from outer source.
However ideal Faraday cages cannot been
applied practically during any kind of live-line
work, conductive clothing – with a face screen
[13] – usually act as an effective way of
shielding, with screening efficiencies above
99%. However shielding of ELF electric fields
is solved practically during LLM, in the current
practice magnetic fields cannot been reduced

Figure 2.a2 3D human body model

significantly at all during any kind of live-line
work. The main aim of this paper is to present
a possible (currently mainly theoretical) way of

shielding ELF magnetic fields during high

As a result of the reasons above a so-called

voltage live-line maintenance. Development of

“protected area” is being generated between

practical

under

the conductors. If the worker remains inside

development in the High Voltage Laboratory of

this area, this kind of shielding can guarantee

Budapest

and

the safety of the work at any time. An example

Economics as a part of an international

for the shielding in case of 2 conductors (1

research and development project in co-

original phase conductor and 1 additional

operation with European TSOs.

conductor installed at the working site) is

way

of

application

University

of

is

Technology

shown in Figure 3. Protected area marked with

Principle of shielding ELF magnetic

“P” is also shown both in the magnetic flux

fields

density distribution map and the magnetic flux
density strength curve as a function of
distance.

It is possible to “shield” ELF magnetic fields by
the application of basic physical laws. If an
additional current path is ensured in parallel
with the original current-carrying conductor,
two effects of the distributed currents will
decrease

magnetic

flux

density

simultaneously:

•

Original

magnetic

field

of

phase

conductors is generated by the phase
current flowing through them. In case of
parallel current path(s) ensured at the site
of the work, summarized current is divided
by a ratio depending on the number of
branches; current of each branch will be
lower than the original value.
•

If there are two or more conductors with a
current in the same direction a given area
between the conductors will be “shielded”

Figure 3. Principle of shielding ELF magnetic
fields.

by the cancellation of the magnetic field
between the conductors. The size and the
shape of this area depends on the currents

Current issues regarding to high
voltage LLM equipment

of each branch and the geometry of the
arrangement.

Nowadays different types of equipment are
used depending on the live-line technology

applied. During high voltage LLM a common
point of them is that the potential of conductive
parts is established being the same than the
potential

of

the

phase

conductor

itself.

Practically one or more “potential clamps” are
applied to ensure the proper connection
between

the

equipment

and

the

phase

conductor(s). In case of more than one
potential clamp, an unknown amount of current
of the current phase flows through the

Figure 4. High current circuit in the High

structure of the equipment itself. This ratio

Voltage Laboratory of BUTE.

depends

on

many

environmental

circumstances (such as impedance of material,

As it can be seen, a notable amount of current

connection, design of structure, etc.) These

of a given phase flows through the structure of

currents have to be handled at any time of any

the conductor car, but in a totally uncontrolled

live-line work properly; in case of their

way. This current might cause inhomogeneous

unknown ratio, in extreme cases voltage drops

potential distribution as it is shown in Figure 5.

caused

Impedance

by

the

inhomogeneous

potential

values

(including

contact

distribution may endanger the safety of the

impedances) are based on measurements in

worker. In case of proper regulations and

the

guidelines for designing these high-current

Laboratory.

arrangement

at

the

High

Voltage

paths the structure of the live-line equipment
itself might be used as an additional current
path of Chapter 4. To investigate some
practical total and equipment current ratios, a
widely used type of conductor car has been
inspected in the High Voltage Laboratory of
BUTE. Arrangement of the measurement is
shown in Figure 4. Results are summarized in
Table 2.

Table 2. Total and equipment currents in a
practical case.

Figure 5.a. 3D model of the conductor car for
FEM simulations

Isum [A]

Ieq [A]

Ieq/Isum [%]

1200

72.22

6.02

structure itself can be used as an alternate
current path for ELF magnetic field shielding.
Principle of a possible way to shield ELF
magnetic fields has been introduced in this
paper.

Practical

application

is

under

development in the High Voltage Laboratory of
Budapest

University

of

Technology

and

Economics.
Figure 5.b. Results of potential distribution.
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