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SUMMARY 

 

Live-line maintenance has several 
different working methods depending on 
the voltage level and the task to be 
executed. While using so-called bare-
hand method – when potential of the 
worker is connected directly to the 
energized parts – use of conductive 
clothing is essential and required. 
Conductive clothing act as Faraday-
cages: in optimal case, extra-low 
frequency (ELF) electric fields – like 50 or 
60 Hz which is commonly applied in 
power transmission worldwide – are zero 
inside the clothing. In practice, this 
special protective equipment must 
contain some openings and have to 
guarantee the proper ventilation during 
the whole period of work. 
One of the main aim of the inspections 
executed in the High Voltage Laboratory 
of Budapest University of Technology and 
Economics is to determine the maximal 
allowed size of openings. 
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The revision of the current regulation of 
inspection was a part of an EU 
Framework Programme Project in co-
operation with the Hungarian TSO. The 
result of the inspections is a proposed 
modification of the related IEC standard 
60895. 
From the other hand, it is also necessary 
to review the current way of regulations 
regarding to the use of conductive 
clothing. Although some suggestions are 
available for the limits of ELF electric 
fields by international commissions, in 
some countries stricter laws may apply. 
From the aspect of health effects, it is 
suggested to re-examine the current 
limitations and extend the requirements 
for example for substation works, as well. 
It is also suggested to unify the 
recommendations for working near the 
energized parts or on tower structures. 



 

 

 

 

 

 

Introduction 

 

Conductive clothing used during high voltage 

live-line maintenance have to be examined 

periodically. Investigations carried out in the 

High Voltage Laboratory of Budapest 

University of Technology and Economics have 

shown that the current way of screening 

efficiency measurements is not efficient 

enough. Therefore, various researches were 

executed to suggest modifications in the 

current arrangement described of the related 

standard, IEC 60895. 

On the other hand, safety of working personnel 

has to be guaranteed during any kind of work. 

In this case, it is important to determine the 

affecting electric field which mainly depends on 

the size of openings on the conductive surface. 

The main aim of these investigation to keep 

the exposures below the limits specified in the 

current guidelines [1]. 

 

Inspection of conductive clothing 

 

In the European Union (EU), limits of 

exposures – both public and occupational 

cases – are defined by International 

Commission on Non-Ionizing Radiation 

Protection (ICNIRP) based on the research of 

World Health Organization’s (WHO) 

International Agency for Research on Cancer 

(IARC) [2], [3], [4], [5], [6]. Current limits for 

electric fields are summarized in Table 1. 

 

 

 

Table 1. Current limits of ICNIRP regarding to 

ELF electric fields 

Type of exposure 
Electric field 

limits [kV/m] 

Public exposure 

(24 hours/day) 
5 

Occupational exposure 

(max. 8 hours/day) 
10 

 

Table 1. shows that extra-low frequency 

electric fields shall not exceed 10 kV/m, even 

in case of occupational exposure. 

In the High Voltage Laboratory of Budapest 

Univesity of Technology and Economics 

several calculations, simulations and 

measurements have been made to examine 

the critical opening size of the conductive 

clothing. Based on the results, a critical 

“Farady-hole” size can be established. If the 

size of openings exceeds this critical size, 

electric field strength also exceeds its limits 

inside the clothing – even with orders of 

magnitudes. 

Figure 1. shows the maximal electric filed 

strength values as a function of the nominal 

voltage level of the power line in the vicinity of 

an energized conductor. As it can be 

determined from the figure, in case of large 

openings, electric fields may endanger the 

safety of the worker by exceeding their limits 

significantly [7], [8], [9], [10].  

 



 

 

 

 

 

 

 

Figure 1. Electric field strenght inside the 

clothing as a function of face mesh opening 

radius 

 

During the inspection of conductive clothing it 

is important to identify those parts, which can 

endanger the health of the worker. In this case 

the screening efficiency describes the 

protective effect of the Faraday-cage. This kind 

of examination has to simulate worst-case 

working conditions and has to separate 

acceptable and unacceptable results clearly 

from each other. 

 

Current way of measurements  

 

In the European standard – IEC/EN 60985 – 

the acceptance criteria specified as ratio of 

leakage current. During measurements a 

mannequin with conductive surface shall be 

dressed in a conductive clothing, insulated 

from the body. The conductive clothing shall 

be energized and leakage currents has to 

measured in the high voltage side of the 

arrangement. Figure 2. shows the current 

measurement arrangement during a 

conductive clothing inspection in the High 

Voltage Laboratory of Budapest University of 

Technology and Economics. 

 

 

Figure 2. Inaccurate and dangerous way to 

measure leakage current by “shielded” micro-

ammeters 

 

In this measurement the efficiency of the 

shielding micro-ammeters influence the result 

accuracy. It is also dangerous to read the 

measured values of the micro-ammeters. 

Figure 3. shows the variation of electric field 

distribution – so measured leakage current 

values – as the base of determination of 

screening efficiency. The results show that the 

vicinity of the measurement arrangement may 

distort the results significantly; even so-called 

“shielded” areas may be formed, as it can be 

seen in the figure above the mannequin. This 



 

 

 

 

 

 

phenomena make measurements hard to 

compare and repeat. 

 

 

Figure 3. Electric field distribution with (above) 

and without (bottom) gorund object in the 

vicinity of the arrangement 

 

Tha major disadvantage of the current way of 

measurement is that the conductive cloth can 

pass the test without any face mesh, even with 

large with a large opening in front of the face. 

As the result of this issues regarding to current 

way of measurement, many of the poorly 

designed conductive clothing may pass the 

test. 

 

Suggestions to improve 

masurement arrangement 

 

In the High Voltage Laboratory of Budapest 

Univesity of Technolgy and Economics, a new 

model has been developed to make the 

isnpection of the screening efficiency safer, 

more accurate and more repetable. 

Figure 4. shows the principle of the new 

arrangement. As it can be seen from the 

picture, micro-ammeters are grounded both in 

the branch clothing and body currents. Shape, 

position and distance of the energized 

electrode is also clearly determined. To 

simulate the worst-case scenario, a conductor-

shaped electrode is advised to be placed in the 

height of the face. Distance between the 

energized and grounded parts shall be equal 

to the minimum phase-to-ground approach 

distance of the applied voltage, which shall be 

the maximum nominal voltage of the inspected 

clothing. 

 

 

Figure 4. Suggested way of conductive 

clothing measurement 

 



 

 

 

 

 

 

Suggested way of calculation of protective 

effect has remained the same as it is 

introduced in the current standard. 

Electric field distribution in the suggested 

arrangement is shown in Figure 5. As it can be 

seen, distortion effect of the grounded parts in 

the surroundings of the arrangements is 

negligible, compared to the current way of 

inspection shown in Figure 3. 

 

 

Figure 5. Electric field distribution with (above) 

and without (bottom) gorund object in the 

vicinity of the arrangement 

 

In case of the proposed model, conductive 

clothing without any face mesh cannot pass 

the screening efficiency test. There is a 

solution to that case if a conductive cloth made 

without face screen to meet the screening 

efficiency test criteria. As it shown in Figure 5. 

a face mesh can be installed on a conductive 

clothing retrospectively. 

 

 

Figure 5. Additional face mesh installed on an 

existing type of conductive clothing (originally 

made without any face screen) 

 

Suggestions 

 

To shield electric fields properly, face mesh is 

an essential accessory of all conductive 

clothing regardless of the voltage level to keep 

the size of so-called “Faraday-holes” as low as 

possible. Face and neck are very sensitive 

parts of the human body, so efficient protection 

of them is curious. 

By the application of the suggestions 

introduced in this paper, inspection of the 

screening efficiency of conductive clothing may 

become safer, more accurate and more 

repeatable than it is currently. 

 

Summary 

 

Extra-low frequency electric fields may cause 

health effects above their exposure limits. The 



 

 

 

 

 

 

main task of a responsible expert in the field of 

live-line maintenance is to keep these 

exposures below their limits. Some guidelines 

are internationally accepted. Although the 

limits used in this paper are based on 

ICNIRP’s guidelines, there are some stricter 

local regulations, as well. By the proper 

handling of these kinds of risks, electric field 

related sources of dangers can be eliminated 

effectively. 

A new model has been introduced to measure 

and compare the screening property of 

conductive clothing in a more efficient way 

than the current one. Calculations, simulations 

and laboratory measurements for validation 

have been introduced to increase of the safety 

of any bare-hand live-line activities, applied 

widely around the world. 
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