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Foreword 

The text of document 78/1051/FDIS, future edition 1 of IEC 61481-1, prepared by IEC/TC 78 "Live 
working" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as 
EN 61481-1:2014. 
 
The following dates are fixed: 

• latest date by which the document has to be 
implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2015-08-28 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2017-11-28 

 
This document supersedes EN 61481:2001 (partially). 
 
Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 

Endorsement notice 

The text of the International Standard IEC 61481-1:2014 was approved by CENELEC as a European 
Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards indicated: 
 

IEC 60071-1:2006 NOTE Harmonized as EN 60071-1:2006 (not modified). 

IEC 60743:2013 NOTE Harmonized as EN 60743:2013 (not modified). 

IEC 61235:1993 NOTE Harmonized as EN 61235:1995 (modified). 

IEC 61936-1:2010 NOTE Harmonized as EN 61936-1:2010 (modified). 

ISO/IEC 17025 NOTE Harmonized as EN ISO/IEC 17025 (not modified). 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 
 
The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 
 
NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant 
EN/HD applies. 
 
NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here: 
www.cenelec.eu 
 
Publication Year Title EN/HD Year 
     
CISPR 11 -   Industrial, scientific and medical  

equipment - Radio-frequency disturbance 
characteristics - Limits and methods of 
measurement 

EN 55011 -   

IEC 60060-1 2010  High-voltage test techniques -  
Part 1: General definitions and test 
requirements 

EN 60060-1 2010  

IEC 60068-1 -   Environmental testing -  
Part 1: General and guidance 

EN 60068-1 -   

IEC 60068-2-6 -   Environmental testing -  
Part 2-6: Tests - Test Fc: Vibration 
(sinusoidal) 

EN 60068-2-6 -   

IEC 60068-2-14 -   Environmental testing -  
Part 2-14: Tests - Test N: Change of 
temperature 

EN 60068-2-14 -   

IEC 60068-2-31 -   Environmental testing -  
Part 2-31: Tests - Test Ec: Rough handling 
shocks, primarily for equipment-type 
specimens 

EN 60068-2-31 -   

IEC 60068-2-75 -   Environmental testing -  
Part 2-75: Tests - Test Eh: Hammer tests 

EN 60068-2-75 -   

IEC 60304 -   Standard colours for insulation for low-
frequency cables and wires 

HD 402 S2 -   

IEC 60417-DB -   Graphical symbols for use on equipment - -   

IEC 60942 -   Electroacoustics - Sound calibrators EN 60942 -   

IEC 61000-4-2 -   Electromagnetic compatibility (EMC) -  
Part 4-2: Testing and measurement 
techniques - Electrostatic discharge 
immunity test 

EN 61000-4-2 -   

IEC 61000-4-3 -   Electromagnetic compatibility (EMC) -  
Part 4-3: Testing and measurement 
techniques - Radiated, radio-frequency, 
electromagnetic field immunity test 

EN 61000-4-3 -   

IEC 61260 -   Electroacoustics - Octave-band and 
fractional-octave-band filters 

EN 61260 -   
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Publication Year Title EN/HD Year 
     
IEC 61318 -   Live working - Conformity assessment 

applicable to tools, devices and equipment 
EN 61318 -   

IEC 61326-1 -   Electrical equipment for measurement, 
control and laboratory use - EMC 
requirements -  
Part 1: General requirements 

EN 61326-1 -   

IEC 61477 -   Live working - Minimum requirements for 
the utilization of tools, devices and 
equipment 

EN 61477 -   

IEC 61672-1 -   Electroacoustics - Sound level meters - 
Part 1: Specifications 

EN 61672-1 -   

ISO 354 -   Acoustics - Measurement of sound 
absorption in a reverberation room 

EN ISO 354 -   

ISO 3744 2010  Acoustics - Determination of sound power 
levels and sound energy levels of noise 
sources using sound pressure - 
Engineering methods for an essentially 
free field over a reflecting plane 

EN ISO 3744 2010  

ISO 3745 -   Acoustics - Determination of sound power 
levels and sound energy levels of noise 
sources using sound pressure - Precision 
methods for anechoic rooms and hemi-
anechoic rooms 

EN ISO 3745 -   

CIE 15 -   Colorimetry - -   
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INTRODUCTION 

This International Standard has been prepared in accordance with the requirements of 
IEC 61477. 

Taking into consideration the two different functioning principles of portable phase 
comparators of capacitive type available on the market, the maximum a.c. nominal voltage to 
be associated with each of them has been considered for delimiting the scope of this 
standard. 

The following table presents the rationale for the resulting maximum nominal voltage to be 
associated with each functioning principle of phase comparator of capacitive type. 

Functioning principle Maximum 
nominal 
voltage 
kV rms 

Rationale 

Single-pole phase 
comparators operating 
with a memory system 

36 

– With this principle of functioning, the clear indication of the 
phase comparator is limited by the memory holding time. 

 With higher nominal voltages, the distance between phases of 
the installation increases and the time necessary to move the 
pole of the phase comparator between the two parts to be 
compared becomes the limitation. 

Two-pole phase 
comparators operating 
with a wireless 
connection 

245 

– With this principle of functioning, there is no theoretical limit 
for the maximum nominal voltage. 

– The definition of 245 kV corresponds to the present limit of 
validation of the electric test set-up. 

 

The product covered by this standard may have an impact on the environment during some or 
all stages of its life cycle. These impacts can range from slight to significant, be short-term or 
long-term, and occur at the global, regional or local level. 

In terms of environmental improvement, this standard includes neither requirements nor test 
provisions for the manufacturers of the product nor recommendations to the users of the 
product. However, all parties intervening in its design, manufacture, packaging, distribution, 
use, maintenance, repair, reuse, recovery and disposal are invited to take account of 
environmental considerations. 
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LIVE WORKING –  
PHASE COMPARATORS –  

 
Part 1: Capacitive type to be used for voltages exceeding 1 kV a.c. 

 
 
 

1 Scope 

This part of IEC 61481 is applicable to portable phase comparators of capacitive type to be 
used on electrical systems for voltages exceeding 1 kV a.c. and frequencies of 50 Hz and/or 
60 Hz. 

This standard is applicable to: 

• single-pole phase comparators of capacitive type operating with a memory system up to 
36 kV a.c., 

• two-pole phase comparators of capacitive type operating with a wireless connection up to 
245 kV a.c. 

This standard is applicable to phase comparators of capacitive type used in contact with the 
bare conductive parts to be compared:  

• as a complete device including its insulating element or  

• as a separate device, adaptable to an insulating stick which, as a separate tool, is not 
covered by this standard. 

NOTE Some parts such as the contact electrode or the insulating element of a phase comparator as a complete 
device may be dismantled. 

Some restrictions on their use are applicable in the case of factory-assembled switchgear and 
on overhead systems of electrified railways (see Annex A). 

A device that is designed to provide other functions than phase comparison is a different 
device and is not covered by this standard. For example a device designed to be also used as 
a voltage detector is not covered by this standard (see Annex A). 

Products designed and manufactured according to this standard contribute to the safety of 
users provided they are used by persons trained for the work, in accordance with the hot stick 
working method and the instructions for use. 

Except when otherwise specified, all the voltages defined in this standard refer to phase-to-
phase voltages of three-phase systems. In other systems, the applicable phase-to-phase or 
phase-to-earth (ground) voltages should be used to determine the operating voltage. 

2 Normative references  

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

CISPR 11, Industrial, scientific and medical equipment – Radio-frequency disturbance 
characteristics – Limits and methods of measurement 
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IEC 60060-1:2010, High-voltage test techniques – Part 1: General definitions and test 
requirements 

IEC 60068-1, Environmental testing – Part 1: General and guidance 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-14, Environmental testing – Part 2-14: Tests – Test N: Change of temperature 

IEC 60068-2-31, Environmental testing – Part 2-31: Tests – Test Ec: Rough handling shocks, 
primarily for equipment-type specimens 

IEC 60068-2-75, Environmental testing – Part 2-75: Tests – Test Eh: Hammer tests 

IEC 60304, Standard colours for insulation for low-frequency cables and wires 

IEC 60417, Graphical symbols for use on equipment (Available from: http://www.graphical-
symbols.info/equipment) 

IEC 60942, Electroacoustics – Sound calibrators 

IEC 61000-4-2, Electromagnetic compatibility (EMC) – Part 4-2: Testing and measurement 
techniques – Electrostatic discharge immunity test 

IEC 61000-4-3, Electromagnetic compatibility (EMC) – Part 4-3: Testing and measurement 
techniques – Radiated, radio-frequency, electromagnetic field immunity test 

IEC 61260, Electroacoustics – Octave-band and fractional-octave-band filters 

IEC 61318, Live working – Conformity assessment applicable to tools, devices and equipment 

IEC 61326-1, Electrical equipment for measurement, control and laboratory use – EMC 
requirements – Part 1: General requirements 

IEC 61477, Live working – Minimum requirements for the utilization of tools, devices and 
equipment 

IEC 61672-1, Electroacoustics – Sound level meters – Part 1: Specifications 

ISO 354, Acoustics – Measurement of sound absorption in a reverberation room 

ISO 3744:2010, Acoustics – Determination of sound power levels and sound energy levels of 
noise sources using sound pressure – Engineering method for an essentially free-field over a 
reflecting plane 

ISO 3745, Acoustics – Determination of sound power levels and sound energy levels of noise 
sources using sound pressure – Precision methods for anechoic and hemi-anechoic rooms 

CIE 15, Colorimetry  

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 61318, as well as 
the following apply. 
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3.1  
accessory 
supplementary item not necessary for the functioning of the phase comparator and provided 
by the manufacturer to facilitate its use under certain operating conditions 

Note 1 to entry: An accessory is not considered as a part of a device. Without the accessory, the device is still 
functional. An item that is required each time a device is used is not an accessory but a part of the device which 
may be disassembled. 

Note 2 to entry: For example an accessory is used to lengthen the handle, to improve the efficiency of the contact 
electrode, to enable the contact electrode to reach the parts to be compared, etc. 

3.2  
active signal 
visual phenomenon, and optionally audible phenomenon, whose presence, absence or 
variation is considered as representing information on the condition “correct phase 
relationship” or “incorrect phase relationship” 

Note 1 to entry: A signal indicating that the phase comparator is ready to operate is not considered as an active 
signal. 

[SOURCE: IEC 60050-101:1998, 101-12-02, modified – the definition of “signal” has been 
modified to fit the specific context of diagnostic of phase relationship and Note 1 to entry has 
been added.] 

3.3  
adaptor 
part of a phase comparator as a separate device which permits attachment of an insulating 
stick 

3.4  
clear indication 
unambiguous detection and indication of “incorrect phase relationship” and/or “correct phase 
relationship” between the parts to be compared 

3.5  
clear perceptibility 
case when the indication is unmistakably discernible by the user under specific environmental 
conditions when the phase comparator is in its operating position 

3.6  
contact electrode 
bare conductive part of the phase comparator which establishes the electric connection to the 
part to be compared 

3.7  
contact electrode extension 
externally insulated conductive part to enable the contact electrode to reach the parts of the 
installation to be compared 

Note 1 to entry: For a certain installation configuration, the contact electrode extension is used to increase the 
insertion depth (see Figure 1d). 

Note 2 to entry: The contact electrode extension is an accessory of the phase comparator. 

3.8  
end fittings 
part of an insulating stick permanently fitted to the end of an insulating tube or rod 

[SOURCE: IEC 60050-651:2014, 651-22-02] 
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3.9  
family of phase comparators 
for testing purposes, a group of phase comparators, delimited by a minimum and a maximum 
rated voltage and/or by the two frequencies (50 Hz and 60 Hz), that are identical in design 
(including dimensions) and only differ by their nominal voltages or nominal voltage ranges 
and/or their nominal frequency 

3.10  
hand guard 
distinctive physical guard separating the handle of a phase comparator as a complete device 
from its insulating element  

Note 1 to entry: The purpose of a hand guard is to prevent the hands from slipping and passing into contact with 
the insulating element. 

3.11  
indicator 
part of the phase comparator that indicates the status of the phase relationship between two 
parts to be compared 

Note 1 to entry: In the case of single-pole phase comparators, the indicator also indicates that the phase 
comparator is ready to be moved to the second part to be compared ("memory ready"). 

Note 2 to entry: In the case of two-pole-wireless phase comparators, the indicator also indicates the 
communication status. 

3.12  
indicator unit 
additional unit of a two-pole phase comparator with wireless connection, normally intended to 
be hand-held and which is either an indicator or repeater that brings the indication and 
possibly other information close to the user 

3.13  
indoor type 
phase comparator designed for use in dry conditions, normally indoors 

3.14  
insertion depth 
Ai 
distance between the limit mark and the top of the contact electrode for a phase comparator 
as a complete device 

3.15  
insulating element 
part of a phase comparator as a complete device that provides adequate safety distance and 
insulation to the user 

3.16  
insulating stick 
insulating tool made essentially of an insulating tube and/or rod with end fittings 

Note 1 to entry: For phase comparison, an insulating stick is intended to be attached to a phase comparator as a 
separate device in order to provide the length to reach the installation to be tested and adequate safety distance 
and insulation to the user. 

[SOURCE: IEC 60050-651:2014, 651-22-01, modified – the Note 1 to entry has been added.] 

3.17  
interference field 
superposed electric field which may affect the indication 
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Note 1 to entry:  The interference field may result from the parts to be compared or other adjacent parts and may 
have any phase relationship. 

Note 2 to entry: The extreme cases for the tests are:  

– an in-phase interference field. This occurs as a result of the dimensions and/or configuration of the parts of the 
installation to be compared or of adjacent parts of the installation having voltages in the same phase as the 
parts to be compared; 

– an interference field in phase opposition. This occurs as a result of the adjacent parts of the installation having 
voltages in phase opposition to the parts to be compared. 

3.18  
limit mark 
distinctive location or mark to indicate to the user the physical limit to which the phase 
comparator may be inserted between live parts or may touch them 

3.19  
maintenance test 
test carried out periodically on a device or equipment to ascertain and, if necessary, make 
certain adjustments to ensure that its performance remains within specified limits 

[SOURCE: IEC 60050-151:2001, 151-16-25, modified – the definition has been modified to fit 
the specific context of maintenance of device or equipment.] 

3.20  
memory holding time 
for a single-pole phase comparator, maximum available time to contact the second part to be 
compared, after the indication “memory ready” appears when the phase comparator is in 
contact with the first part to be tested 

3.21  
nominal voltage 
Un 
suitable approximate value of voltage used to identify a system or device 

Note 1 to entry: The nominal voltage of the phase comparator is a parameter associated with its clear indication. 
When a phase comparator has more than one nominal voltage, or a nominal voltage range the limit values of the 
nominal voltage range are named Un min and Un max. 

[SOURCE: IEC 600500-601:1985, 601-01-21, modified – the definition has been modified to 
fit the specific context of device or equipment and Note 1 to entry has been added.] 

3.22  
outdoor type 
phase comparator designed for use in wet conditions, either indoors or outdoors 

3.23  
permanent contact electrode extension 
externally insulated conductive element located between the indicator and the contact 
electrode of some designs of phase comparator to move back the indicator from the live part 
to be compared 

Note 1 to entry: The permanent contact electrode extension may contain impedances. 

Note 2 to entry: The permanent contact electrode extension is not an accessory. 

3.24  
phase comparator 
portable device used to provide clear evidence of the presence or the absence of the correct 
phase relationship between two energized parts at the same nominal voltage and frequency 
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[SOURCE: IEC 60050-651:2014, 651-24-03, modified – the definition has been modified to 
specify that the device herein defined is a portable device.] 

3.25  
phase comparator of capacitive type 
capacitive phase comparator 
device whose operation is based on the current passing through the stray capacitance to 
earth 

Note 1 to entry: Phase comparators of capacitive type are either two-pole phase comparators operating with a 
wireless connection or single-pole phase comparators operating with a memory system. 

Note 2 to entry: Phase comparators of capacitive type mainly work on the basis of angle measurement 
(frequency-based). 

3.26  
protection against bridging 
protection against flashover or breakdown, when the insulation between the parts of the 
installation, at different potentials, is reduced by the presence of the phase comparator 

3.27  
rated voltage 
Ur 
value of voltage to which certain operating specifications are referred  

Note 1 to entry: The rated voltage of the phase comparator is the voltage selected from IEC 60071-1:2006, 
Tables 2 and 3, column 1, which should either be equal to the nominal voltage (or the highest nominal voltage of its 
nominal voltage range), or the next higher voltage selected from those tables. 

3.28  
response time 
delay between the time when the phase comparator makes contact with the second part to be 
compared and the relevant clear indication 

3.29  
testing element 
built-in element or separate device, by means of which the functioning of the phase 
comparator can be checked by the user 

[SOURCE: IEC 60743:2013, 11.3.7, modified – the definition has been modified to specify its 
application to the phase comparator.] 

3.30  
threshold parameter 
minimum phase angle ϕp between the two parts to be compared which gives a change of the 
status of the active signal 

3.31  
wireless connecting system 
communication system used to exchange information between the different units of a phase 
comparator without physical link 

4 Requirements 

4.1 Indication 

The phase comparator shall clearly indicate the state "incorrect phase relationship" and/or 
"correct phase relationship" by means of the change of the status of one or more active 
signals. 
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The indication shall be visual. An audible indication may be additional. 

For a phase comparator with nominal voltage above 36 kV it is recommended to have both 
visual and audible indication. 

In the case of a single-pole phase comparator, the state “memory ready” shall be indicated. 

In the case of a two-pole phase comparator operating with wireless connection the 
communication status shall be indicated. 

4.2 Functional requirements 

4.2.1 Clear indication 

4.2.1.1 General 

The following requirements apply when both parts to be compared have the same nominal 
voltage and frequency. 

The indication “incorrect phase relationship” shall not appear for an angle difference up to 
±10°. 

The indication “correct phase relationship” shall not appear for an angle difference above 
±30°, ±60° or ±110° according to the class of the phase comparator. 

To fulfil the above requirements, the threshold parameter shall satisfy the following 
relationship: 

Class A: ±10°< ϕp ≤ ±30°  

Class B: ±10°< ϕp ≤ ±60° 

Class C: ±10°< ϕp ≤ ±110°, see Note 1. 
Class D: If it is not possible to use any of the above-mentioned classes, the manufacturer 

and the customer shall reach an agreement to set the appropriate value of the 
phase-angle difference. In such a case the upper limit of the threshold parameter 
shall exceed the one of class C. 

For phase comparators with one nominal voltage, Un max equals Un min. 

NOTE 1 It has been recognized that for networks with small angle differences a device of class C could permit 
increasing the memory holding time. 

NOTE 2 The required phase angle differences to give indication of incorrect phase relationship will depend on 
network situations. 

NOTE 3 A phase comparator may not indicate properly in the presence of large harmonic and/or amplitude 
distortion (e.g. HV a.c./d.c. converters, non-linear loads, etc.). Relevant data, acceptable limits and performance 
requirements are under consideration.  

4.2.1.2 Settings 

The user shall not have access to the settings of the indicator. 

A selector for different nominal voltages or different nominal voltage ranges is allowed, but for 
each position of the selector the user shall not have access to any settings. 

On each unit of a wireless phase comparator there could be an accessible selector for setting 
a multi-channel connecting system (e.g.: radio communication). 
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4.2.1.3 Continuous indication 

Once the phase comparator gives clear indication it shall continue to indicate as long as it is 
in direct contact with the live part. 

4.2.1.4 Influence of interference fields 

The presence of an interference field (adjacent live or earthed parts) shall not affect the 
indication when the phase comparator is used in accordance with the instructions for use. 

NOTE The indication may not be reliable in the vicinity of large conductive parts that create equipotential zones. 

4.2.1.5 Special marking in the case of limited use 

In the case of a phase comparator that does not fulfil anyone of the tests of 5.2.2 or 5.2.5 
when using the test set-up of Figure 4, it shall have a marking “LU” for limited use. 

4.2.1.6 Electromagnetic compatibility (EMC) 

Phase comparators shall comply with the requirements of class A for portable equipment 
according to IEC 61326-1. 

NOTE In some countries additional requirements may be added to fulfil EMC regulations.  

4.2.2 Distance range 

Wireless operating phase comparators shall communicate properly within the limits of the 
distance range in free space (between the various units of the whole device) specified by the 
manufacturer in the instructions for use (see Annex A). 

There are no radio communication requirements in this standard. Where relevant, the phase 
comparator should conform to the national radio communication regulations. 

4.2.3 Clear perceptibility 

4.2.3.1 Visual indication 

The phase comparator shall give a clear visual indication to the user when in operating 
position and under normal light conditions. 

When two or more visual active signals are used, the indication shall not rely solely on light of 
different colours for perceptibility. Additional characteristics, such as physical separation of 
the light sources, distinctive form of the light signals, or flashing light shall be used. 

4.2.3.2 Audible indication (where relevant) 

The phase comparator shall give a clear audible indication to the user when in the operating 
position and under normal noise conditions. 

When two audible active signals are used, the indication shall not rely solely on sounds of 
different sound pressure level for perceptibility. Additional characteristics, such as tone or 
intermittence of the audible signals shall be used. 

4.2.4 Temperature and humidity dependence of the indication 

There are three categories of phase comparators according to the climatic conditions of 
operation: cold (C), normal (N) and warm (W). The phase comparator shall operate correctly 
in the temperature range of its climatic category, according to Table 1. 
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Table 1 – Climatic condition ranges 

Climatic condition ranges 
(operation and storage) 

Climatic category Temperature  
°C 

Humidity 
% 

Cold (C) –40 to +55 20 to 96 

Normal (N) –25 to +55 20 to 96 

Warm (W) –5 to +70 12 to 96 

4.2.5 Frequency dependence 

4.2.5.1 General 

At a given time the value of the frequency is considered to be the same all over a network. 
Then the following requirements apply when both parts to be compared have the same 
frequency. 

4.2.5.2 Tolerance of nominal frequency 

The phase comparator shall operate correctly at frequencies within a tolerance of at least 
±0,2 % of the nominal frequency. 

A phase comparator with two nominal frequencies shall operate correctly for each nominal 
frequency within a tolerance of at least ±0,2 %. 

4.2.5.3 Frequency shift of single-pole phase comparator 

Single-pole phase comparators shall operate correctly with variations of frequency up to 
1 MHz/s during the memory holding time declared by the manufacturer after the indication 
"memory ready" appears. 

The indication of a single-pole phase comparator shall not be assessed as "correct phase 
relationship" with variations of frequency above 10 MHz/s during at least 5 s after the 
indication "memory ready" appears. 

The memory holding time shall be at least 5 s. 

4.2.6 Response time 

The response time of the phase comparator shall not be more than 1 s. In situations where 
the response time is above 1 s the phase comparator shall give a visual and/or audible 
indication that data processing is still running. 

4.2.7 Power source dependability 

The phase comparator with a built-in power source shall give a clear indication until a non-
readiness signal appears or the device is automatically shut off, as mentioned in the 
instructions for use. 

4.2.8 Testing element 

The testing element, whether built-in or separate, shall be capable of testing all the electrical 
circuits, the wireless connecting system, the energy source and the functioning of the 
indication. When all circuits cannot be tested, any limitation shall be clearly stated in the 
instructions for use. These circuits shall be of high reliability construction. When there is a 
built-in testing element, the phase comparator shall give an indication of "ready" or "not 
ready”. 
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4.2.9 Time rating 

The phase comparator shall be able to perform during its specified time rating without failure 
and without giving incorrect indication when subjected to the maximum operating voltage. 

The minimum time rating shall be: 

• 5 min in the case of a phase comparator at a nominal voltage up to 36 kV; 

• 15 min in the case of a phase comparator at a nominal voltage above 36 kV. 

The manufacturer shall clearly state in the instructions for use the maximum time rating for 
the user. 

4.3 Electrical requirements 

4.3.1 Insulating material 

The insulating materials shall be adequately rated (nature of material, dimensions) for the 
nominal voltage (or the maximum nominal voltage of the voltage range) of the phase 
comparator. 

When tubes of insulating material with circular cross-section are used in the design of phase 
comparators, they should meet the requirements of IEC 60855-1 or IEC 61235, otherwise they 
shall demonstrate appropriate insulating performance by fulfilling the test of 5.3.1. 

For a phase comparator as a complete device the user shall be provided with adequate 
insulation by means of an insulating element. 

NOTE For a phase comparator as a separate device, the selection of an appropriate adaptable insulating stick will 
provide the user with adequate insulation. 

4.3.2 Protection against bridging 

Protection shall be such that the phase comparator cannot cause flashover or breakdown 
between live parts of an installation or between a live part of an installation and earth. 

4.3.3 Resistance against sparking 

The phase comparator shall be so constructed that the indicator cannot be damaged or shut-
off as a result of a low energy electric arc. 

4.3.4 Insulating element of phase comparator as a complete device 

4.3.4.1 Dielectric strength 

The insulating element shall be rated so that no flashover or breakdown occurs in use. 

4.3.4.2 Leakage current 

The insulating element of the indoor type phase comparator shall be so rated that leakage 
current shall be limited under dry conditions. 

The insulating element of the outdoor type phase comparator shall be so rated that leakage 
current shall be limited under dry and wet conditions. 

4.3.5 Indicator casing 

The indicator casing shall be rated so that no flashover or breakdown occurs in use. 
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4.4 Mechanical requirements 

4.4.1 General 

For a phase comparator as a complete device the user shall be provided with adequate 
distance by means of an insulating element. 

NOTE For a phase comparator as a separate device, the selection of an appropriate insulating stick will provide 
the user with adequate distance. 

4.4.2 Design 

The phase comparator shall be designed to allow operation by one person. 

The phase comparator as a complete device shall include the following elements as a 
minimum: 

– handle, hand guard, insulating element, indicator, limit mark and contact electrode (see 
Figure 1). 

The position of the limit mark may be on either side of the indicator. 

The phase comparator as a separate device shall include the following elements as a 
minimum: 

– adaptor, indicator and contact electrode (see Figure 1). 
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a) Example of a single-pole phase comparator  
as a complete device 

b) Example of a single-pole phase comparator  
as a separate device 

 
 

c) Example of a two-pole phase comparator with 
wireless connection as a complete device 

d) Example of a two-pole phase comparator with 
wireless connection as a separate device 

  

e) Example of a two-pole phase comparator with 
wireless connection and three communication units 

as a complete device 

f) Example of a two-pole phase comparator with 
wireless connection and three communication 

units as a separate device 

Key 

1 indicator 9 contact electrode extension (accessory) 

2 limit mark 10 two basic communications units 

3 insulating element 11 indicator unit 

4 hand guard hHG height of hand guard 

5 permanent contact electrode extension LH length of handle 

6 handle Li length of insulating element 

7 contact electrode LO overall length of phase comparator 

8 adaptor (can be used as limit mark) Ai insertion depth 

Figure 1 – Illustration of different elements and  
different principles of functioning of phase comparators 

IEC IEC 
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4.4.3 Dimensions, construction 

The minimum length of the insulating element of a phase comparator as a complete device 
shall be in accordance with Table 2. 

Table 2 – Minimum length of the insulating element (Li) 
of a phase comparator as a complete device 

Ur  
kV 

Li  
mm 

1 <  Ur  ≤ 7,2 320 

7,2 <  Ur  ≤ 12 360 

12 <  Ur  ≤ 17,5 370 

17,5 <  Ur  ≤ 24 470 

24 <  Ur  ≤ 36 520 

36 <  Ur  ≤ 72,5 830 

72,5 <  Ur  ≤ 123 1 300 

123 <  Ur  ≤ 170 1 700 

170 <  Ur  ≤ 245 2 300 

 

NOTE 1 The nominal voltage Un is used when the parameters to be specified are related to the installation 
dimensioning or to the functional performance of the phase comparator, while the rated voltage Ur is used when 
insulation performance of the phase comparator is concerned. 

NOTE 2 The Li values of Table 2 correspond to the minimum distance in air (obtained from Tables 1 and 2 of 
IEC 61936-1:2010) plus an additional safety distance. 

NOTE 3 The Li values of Table 2 can be used as a guidance to determine the length of the insulating stick used 
with a phase comparator as a separate device. However, the length of the insulating stick for live working can be 
shortened for a phase comparator as a separate device taking into account the minimum approach distances or in 
accordance with national or regional regulations. 

In the case of a phase comparator as a complete device and for Li equal to or greater than 
520 mm, conductive parts are allowed within the minimum length of the insulating element if 
they are completely externally insulated and are located immediately adjacent to the limit 
mark in one section of the insulating element not exceeding 200 mm (see Figure 2). 

NOTE 4 The performance of the insulation covering the conductive parts is verified by the protection against 
bridging test of 5.3.2. 

  

Key 

1 limit mark 

2 section of the insulating element where conductive parts are allowed (≤ 200 mm) 

Li minimum length of the insulating element 

Figure 2 – Location of allowed conductive parts within the minimum length of  
the insulating element of a pole of a phase comparator as a complete device 

IEC IEC 
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The limit mark shall be about 20 mm wide, permanent, and clearly recognizable by the user. 

If there is no limit mark on a phase comparator as a separate device, the end of the adaptor 
can act as the limit mark (Figures 1b, 1d and 1f). 

For a phase comparator as a complete device, the length of the handle (LH) shall be 115 mm 
as a minimum. 

NOTE 5 A longer handle facilitates two-hand operation. 

For a phase comparator as a complete device, the hand guard shall be permanently fixed and 
have a minimum height (hHG) of 20 mm. 

In order to adapt the phase comparator to different uses, the contact electrode may readily be 
interchangeable with other types of contact electrodes depending on the type of installation to 
be compared and instructions for use. 

When a phase comparator is intended to be disassembled by the user, the parts shall be 
clearly marked as belonging together. 

4.4.4 Grip force and deflection 

The phase comparator shall be designed to facilitate reliable operation with reasonable 
physical effort by the user. 

The phase comparator shall be designed to allow a safe approach toward the parts of the 
installation to be compared. The deflection of the pole(s), under its(their) own weight, shall be 
as low as possible. 

NOTE In the case of a phase comparator as a separate device, the choice of an insulating stick may greatly 
influence the grip force and deflection. 

4.4.5 Vibration resistance 

The phase comparator including the indicator unit (if any) shall be vibration resistant. 

4.4.6 Drop resistance 

The phase comparator including the indicator unit (if any) shall be drop resistant. 

4.4.7 Shock resistance 

The phase comparator including the indicator unit (if any) shall be shock resistant. 

4.5 Marking 

Each phase comparator shall have at least the following items of marking: 

– nominal voltage and/or range of nominal voltages; 
– nominal frequency or nominal frequencies; 
– symbol for operational class (“A”, “B”, “C” or “D”); 
– name or trade mark of the manufacturer; 
– type reference, serial number; 
– indication of type indoor or outdoor; 
– symbol for climatic category or climatic categories (“C”, “N” or “W”); 
– symbol “LU”, when relevant; 
– year of production; 
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– symbol IEC 60417-5216 (2002-10) – Suitable for live working; double triangle (see 
Annex B); 

NOTE The exact ratio of the height of the figure to the base of the triangle is 1,43. For the purposes of 
convenience, this ratio can be between the values of 1,4 and 1,5. 

– number of the relevant IEC standard immediately adjacent to the double triangle symbol 
(“IEC 61481-1”). 

To be marked with the number of this IEC standard, the product shall satisfy all the 
requirements specified herein. 

With every phase comparator or with every batch of phase comparators to be delivered, the 
manufacturer shall provide information related to the number of the IEC standard with the 
year of publication. 

In the case of a phase comparator with a built-in energy source, the type of power supply 
shall be indicated either on the indicator or inside the compartment designed to house it, and 
the polarity when required. 

The marking shall be legible and permanent. The characters shall be at least 3 mm high. The 
marking shall not impair the quality of the phase comparator. 

4.6 Instructions for use 

The manufacturer shall provide written instructions for use with each phase comparator 
covered by this standard. 

The instructions for use shall include as a minimum the information of Annex A. 

These instructions shall be prepared in accordance with the general provisions of IEC 61477. 

4.7 Requirements in the case of reasonably foreseeable misuse during live working 

4.7.1 Voltage selection  

In the case of incorrect position of the voltage selector, if any, the phase comparator shall 
give no incorrect indication of phase relationship. 

4.7.2 Frequency selection 

In the case of incorrect position of the frequency selector, if any, the phase comparator shall 
give no indication of phase relationship. 

4.7.3 Channel selection for wireless connection 

In the case of incorrect setting of the channel selectors, if any, the phase comparator shall 
give no indication of a phase relationship. 

5 Tests 

5.1 General 

5.1.1 Testing provisions 

This standard provides testing provisions to demonstrate compliance of the product to the 
requirements of Clause 4. These provisions are primarily intended to be used as type tests for 
the validation of the design input. Where relevant, alternative means (calculation, 
examination, tests, etc.), are specified within the test subclauses for phase comparators 
having completed the production phase. 
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Tests shall be performed on a phase comparator which has been completely assembled, in 
accordance with instructions for use. Unless otherwise specified, for a phase comparator as 
separate device, the tests shall be performed with each pole equipped with an insulating stick 
complying with 4.3.1, 4.4.1 and 4.4.3. 

NOTE It is essential that the tests are done by a competent test facility. 

5.1.2 Atmospheric conditions 

Except when otherwise stated, tests are carried out under the following standard atmospheric 
conditions of IEC 60068-1 for measurements and tests: 

– ambient temperature 15 °C to 35 °C; 
– relative humidity 25 % to 75 %; 
– atmospheric pressure 86 kPa to 106 kPa. 

For type tests, the phase comparator shall be subjected to these conditions for at least 4 h 
before being submitted to the group of tests. 

5.1.3 Tests under wet conditions 

Before the electrical tests, each phase comparator shall be cleaned with isopropanol (CH3-
CH(OH)-CH3) and then dried in air for 15 min. 

NOTE It is not part of this standard to ensure that the relevant legislation and safety requirements for the use of 
this chemical are complied with in their entirety. 

The test under wet conditions shall be conducted in accordance with 4.4.1 of  
IEC 60060-1:2010 (wet test procedure), with the following exception: the openings in the 
collecting vessel designed to measure the wetting rate shall be less than, or equal to, the 
horizontal cross-section of the indicator. 

5.1.4 Type test 

5.1.4.1 Type test on basic configuration 

The type test shall be performed on three complete phase comparators representative of the 
production and on three test pieces of each material providing high-voltage insulation except 
for 5.2.4 which is performed on only one phase comparator. If more than one phase 
comparator or test piece does not pass, the test has failed. If only one phase comparator or 
test piece fails, the entire sequence for the type test shall be repeated on three other phase 
comparators or test pieces. If any one of these three new phase comparators or test pieces 
does not pass, the type test is considered to have failed. 

NOTE In the particular case of 5.2.4, if the phase comparator does not pass, the type test is considered to have 
failed. 

Type tests shall be performed in the sequence defined in Annex C. 

5.1.4.2 Type test on additional contact electrodes and accessories 

The use of different contact electrodes or accessories or combination of accessories may 
affect the performance of the phase comparator. 

When several contact electrode extensions or several contact electrodes are provided, the 
following tests shall be performed with each contact electrode extension, each contact 
electrode and each combination of them: 

– vibration resistance (see 5.4.3), 
– drop resistance (see 5.4.4), 
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– clear indication (see 5.2.2), 
– influence of electric interference fields (see 5.2.5), 
– protection against bridging for indoor/outdoor type phase comparator (see 5.3.2), 
– protection against bridging for outdoor type phase comparator (see 5.3.3),   

– spark resistance (see 5.3.4) and 
– distance range (see 5.2.3). 

These type tests can be done  

– with the same set of phase comparators, these being equipped successively with the 
different accessories or combination of accessories, or  

– with different sets of phase comparators, each set being equipped with a different 
accessory or combination of accessories.  

In the case of different sets of phase comparators, for each set if more than one phase 
comparator does not pass the test the set has failed. For each set if only one phase 
comparator fails, the entire sequence for the relevant type test (see 5.1.4.1) shall be repeated 
on a new set of three phase comparators. If any one of these three new phase comparators 
fails, the type test of this configuration is considered to have failed. 

5.1.4.3 Type test of a family of phase comparators 

In the case of phase comparators of the same family the following applies. 

– The type tests shall be performed at the lowest and at the highest nominal voltages 
delimiting the family of phase comparators. Within the limits of the family, bridging tests 
(5.3.2 and 5.3.3) shall be performed for each distance d1 of Table 7 under the highest 
voltage of each voltage range. Mechanical tests shall be done only once covering the 
worst conditions. 

– The test for clear indication (see 5.2.2) shall be carried out at each nominal voltage or 
each nominal voltage range. Each time the test set-up changes within the range of the 
nominal voltages of the phase comparator the corresponding test shall be carried out. 

5.1.5 Test methods 

Tests shall be carried out using an a.c. power source in accordance with the requirements 
given in IEC 60060-1.  

The maximum test voltage value shall be reached within 10 s to 20 s. 

All types of phase comparators (indoor and outdoor) shall be submitted to the tests in dry 
conditions. 

Unless otherwise specified, 

– a tolerance of ±3 % is allowed for all required values, 
– dielectric tests shall be carried out at a frequency of 50 Hz or 60 Hz, 
– additional tests applicable to outdoor type phase comparators shall be performed under 

wet conditions. 

No correction factor due to climatic conditions shall be applied to test voltages. 

5.2 Function tests 

5.2.1 Description of the test set-up and general pass criteria 

The tests shall be performed using a test set-up made of two ball-and-ring arrangements as 
shown in Figure 3 and Figure 4 with the dimensions specified in Table 3. The distinction 
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between Figure 3 and Figure 4 is the relative position of the ball electrode and its associated 
ring electrode. Both test set-ups permit to simulate various installation configurations. 

It is important to limit the influence of the elements that provide the mechanical support and 
the electrical connections to the test set-up on the electric field configuration around the test 
electrodes. 

For this purpose, around each test electrode (ball and ring), a spherical zone is defined in 
which only the elements illustrated in Figure 3 or 4 are permitted. 

For each ball electrode, the supporting element shall permit connection to the voltage source. 
The electrical connection shall consist of a cable with a conductor section of 2 mm2 to 5 mm2 
inserted in an insulating tube to provide mechanical support and additional electrical 
insulation. 

For each ring electrode, the element(s) providing mechanical support and the ones providing 
electrical connection shall be out of the spherical zone except for its fixing or connecting 
device(s) to the ring which shall be as small as possible. 

The floor of the test room shall be conductive or be laid out with conductive matting and 
connected to earth. The tests shall be conducted in a room which is free from unwanted 
foreign interference fields. No objects, except the insulating supporting element of the test 
set-up, shall be situated between the test set-up and the floor (ground) within a distance H 
and within a distance W in any direction from the test set-up according to Table 3. 

The pole(s) of the phase comparator shall be fixed by means of an insulating support at the 
handle, in such a manner that its contact electrode touches the ball electrode, and the 
indicator is approximately concentrically located in relation to the associated ring electrode (in 
the horizontal axis) (see Figure 5). A suitable means shall be used for ensuring a good 
electrical connection as well as a mechanical pressure between the contact electrode of the 
phase comparator and the ball electrode without disturbing the local electric field. An example 
of such means is illustrated in Figure 6a. Likewise it is possible to modify the ball electrode 
without disturbing the local electric field. An example of such a modified ball electrode is 
illustrated in Figure 6b. 

To be in accordance with this standard without any restriction, the phase comparator shall 
fulfil the tests performed with the test arrangements of Figures 3 and 4. 

When the phase comparator without any accessory only fulfils the tests performed with the 
test arrangement of Figure 3, it shall be marked with “LU” (limited use). 
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Dimensions in millimetres 

 

a) Side view  

 

b) Top view  

Key 

1 ball electrodes (B1 and B2) of ∅d diameter with their 
supporting element 

a1  electrode separation distance 

2 ring electrodes (R1 and R2) of ∅D diameter D distance between the two ring electrodes 

3 ground H distance between the test set-up and the ground 

4 spherical zone of ∅D diameter around each test 
electrode  

 

NOTE Diameter “D” and distance “D ” are of the same value. 

Figure 3 – Test set-up for clear indication with the ball electrode  
in front of its ring electrode 
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Dimensions in millimetres 

 

a) Side view  

 

b) Top view  

Key 

1 ball electrodes (B1 and B2) with ∅d diameter with their 
supporting element 

a2  electrode separation distance 

2 ring electrodes (R1 and R2) with ∅D diameter D distance between the two ring electrodes 

3 ground H distance between the test set-up and the ground 

4 spherical zone of ∅D diameter around each test 
electrode 

 

NOTE Diameter “D” and distance “D” are of the same value. 

Figure 4 – Test set-up for clear indication with the ball electrode 
behind its ring electrode 
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Key 

1 ball electrode  

2 ring electrode 

3 ground 

5 pole of the phase comparator (as a complete device or equipped with an insulating stick) 

6 one insulating support for maintaining the pole horizontal to ground 

Figure 5 – Positioning of a pole of the phase comparator  
in relation to a ball and ring test arrangement 

 

a) Modification of a contact electrode used for testing 

 
b) Modification of the ball electrode 

Key 

1 ball electrode  

2 circular hole drilled in the ball electrode 

3 Y shape contact electrode 

4 cylindrical rod fixed to a Y shape contact electrode of a dimension to fit tightly into the hole of the ball 
electrode 

5 cylindrical rod fixed to the ball electrode  

Figure 6 – Examples of suitable means for ensuring appropriate contact  
between a contact electrode and the ball electrode  
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5.2.2 Clear indication 

The description of the test set-up and the general pass criteria are those of 5.2.1. 

For performing the clear indication tests, the two ring electrodes, designated as R1 and R2, 
shall be earthed.  

In the case of a phase comparator with one nominal voltage Un the test shall be performed at 
this nominal voltage. 

In the case of a phase comparator with more than one nominal voltage the test shall be 
performed at every nominal voltage. 

In the case of a phase comparator with one nominal voltage range the test shall be performed 
at the lowest (Un min) and the highest (Un max) value of the nominal voltage range. 

In the case of a phase comparator with more than one nominal voltage range the test shall be 
performed at the lowest and the highest value of each nominal voltage range. 

Each pole of the two-pole phase comparator shall be connected to one of the two ball 
electrodes of the test set-up. In the case of a single-pole phase comparator, the contact 
electrode shall touch successively the two ball electrodes according to the instructions for 
use. 

For test series 1 and 2, the test electrodes shall have a voltage and phase relationship 
according to the relevant part of Table 4. 

The test shall be considered as passed if the indication "incorrect phase relationship" does 
not appear or the indication "correct phase relationship" appears according to the type of 
indication of the phase comparator. 

For test series 3 and 4, the test electrodes shall have a voltage and phase relationship 
according to the relevant part of Table 4. 

The test shall be considered as passed if the indication "incorrect phase relationship" 
appears. 
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5.2.3 Distance range for two-pole phase comparators with wireless connection 

With all various communication units of the whole phase comparator separated each one from 
the other in free space by the maximum distance declared by the manufacturer, the 
communication between all these units shall be activated.  

The test shall be considered as passed if all various units communicate properly according to 
the instruction for use. 

5.2.4 Electromagnetic compatibility (EMC) 

5.2.4.1 Type test  

The phase comparator shall be submitted to and shall fulfil the relevant tests of IEC 61326-1 
for:  

– immunity requirements for portable equipment powered by battery or from the circuit being 
measured with the following test parameters: 

Description Port Test Parameters 

Electrostatic discharge (ESD) Enclosure IEC 61000-4-2 4 kV/8 kV (contact/air) 

RF electromagnetic field 
immunity 

Enclosure IEC 61000-4-3 3 V/m for 80 MHz to 1 GHz (level 2) 

3 V/m for 1,4 GHz to 2 GHz (level 2) 

1 V/m for 2 GHz to 2,7 GHz  

Power frequency magnetic field Enclosure IEC 61000-4-8 Not applicable 

 

NOTE 1 Level 2 corresponds to a moderate electromagnetic radiation environment. This happens in presence of 
Global System for Mobile Communications (GSM), for example fixed transceivers, like microwave antenna for cell 
phones, installed in transmission structures or substations. 

NOTE 2 Phase comparators of capacitive type are magnetically non sensitive devices. 

With the following performance criteria for all the EMC tests: 

Function Criteria 

Functioning of phase comparator  B 

Data communication (if any) B 

Functioning of the testing element B 

 

– emission limit requirements for equipment intended for use in industrial locations with the 
following test parameters:  

Description Port Test Parameters 

Radio disturbances characteristics Enclosure CISPR 11 Class A 

 

The phase comparator shall be configured in a mode that represents normal working 
conditions according to the instructions for use. 

The test shall be considered as passed if the relevant indications are not affected. 

5.2.4.2 Alternative means for phase comparators having completed the production 
phase  

After completing the production phase, it is not practical to perform EMC tests for checking 
the conformity to the relevant requirements. Nevertheless, the manufacturer shall prove that it 
has followed the same documented assembly procedure as per the type tested device.  
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5.2.5 Influence of electric interference fields 

5.2.5.1 General 

The description of the test set-up and the general pass criteria are those of 5.2.1. 

The test consists of the test series and conditions given in Table 5.  
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5.2.5.2 Influence of in-phase interference field 

The test shall be considered as passed if the required indication in the relevant test series of 
Table 5 appears. 

5.2.5.3 Influence of phase opposition interference field 

The test shall be considered as passed if the required indication in the relevant test series of 
Table 5 appears. 

5.2.6 Clear perceptibility 

5.2.6.1 Clear perceptibility of visual indication 

5.2.6.1.1 Type test 

The test set-up is given in Figure 7. It applies to indicators located at the high voltage end of 
the pole(s). In the case of phase comparators with indicator unit(s), the type test of 5.2.6.1.2 
applies. 

The intensity of the light striking an unpolished grey screen with a reflectivity index of 18 % 
and the signal source of the indicator shall be: 

a) 50 000 lux ± 10 % for an outdoor type phase comparator with standard light D55 according 
to CIE 15 corresponding to a colour temperature of 5 500 K ± 10 %; 

b) 1 000 lux ± 10 % for an indoor type phase comparator with standard light A according to 
CIE 15 corresponding to a colour temperature of 3 200 K ± 10 %. 

The pole containing the indication shall be positioned in direction of axis A – B and the signal 
source part shall be centred on the axis A – B in normal use, according to Figure 7a. 

The indication "incorrect phase relationship" and/or “correct phase relationship” shall be 
caused several times at irregular intervals unknown to the observer by arranging the 
corresponding phase relation on the test electrode(s). 

The test can be performed by energizing the phase comparator by any relevant means if the 
same results are achieved. 

Three observers with average sight look towards the phase comparator through the 5 mm 
holes in the front plate (see Figure 7b). The minimum distance between the front plate and the 
screen shall be 1 500 mm. 

The test shall be considered as passed if the indication(s) is(are) seen by the three observers 
through each hole. 
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Dimensions in millimetres 

 

a) Top view 

Dimensions in millimetres 

 

b) Front view of the front plate 

Key 

P pole of the phase comparator S light-grey screen 1 000 × 1 000 

F perforated front plate 3 mm thick H seven holes, 5 mm diameter 

L light source PLP plane of the light sources and the pole of the phase 
comparator 

Figure 7 – Test set-up for clear perceptibility of visual indication 
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5.2.6.1.2 Type test applicable to indicator units 

The indicator unit of the phase comparator shall be placed in a room with low light reflection 
and so clamped that it can be turned around a horizontal axis at the display of the indicator 
and can be rotated around its longitudinal axis. At a distance of 150 mm behind the horizontal 
turning axis, a matt grey surface with identification colour IEC 60304 'grey' (for example, a 
painted wall or paper screen) with a diameter of at least 500 mm shall be arranged vertically 
in the room in such a way that its centre is behind the indicator unit of the phase comparator. 

The indicator unit (test object) and the mat grey surface shall be lit by a diffuse white light 
from two halogen light sources, placed at least 1 m from the test object, in accordance with 
Figure 8. The arrangement shall be such that the light reflected from the matt grey surface to 
the indicator of the test object has an illumination of 3 500 lux. 

At a distance of 750 mm from the test object, the forehead stop for the observer shall be 
arranged, as shown by item 5 in Figure 8. 

The test object shall be rotated from the original vertical position to an angle of 15° and back 
to the original position, the display of the indicator being turned by rotation around the 
longitudinal axis of the test object by an angle of 10° to the right and to the left in order to 
identify the most unfavourable position of the indication. 

The test shall be carried out consecutively by three observers with average sight. The 
observer places his forehead against the forehead stop. By an appropriate means, active 
signals shall be generated on the indicator unit with the display of the indicator in the most 
unfavourable position.  

The indication "incorrect phase relationship" and/or “correct phase relationship” shall be 
caused several times at irregular intervals unknown to the observer by arranging the 
corresponding phase relation on the test electrode(s). 

The test can be performed by energizing the phase comparator by any relevant means if the 
same results are achieved. 

The test shall be considered as passed if each of the three observers clearly sees each visual 
indication. 
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Dimensions in millimetres 

 

Key 

1 test object 4 light source 

2 display of the indicator unit 5 forehead stop 

3 area with matt grey surface 6 observer 

Figure 8 – Test set-up for measurement of clear perceptibility  
of visual indication in the case of an indicator unit 

5.2.6.1.3 Alternative test for phase comparators having completed the production 
phase 

The alternative test consists in comparing the perceptibility of the visual indication of a 
manufactured phase comparator to the one of a phase comparator which has passed 
successfully the type test according to 5.2.6.1.1 or 5.6.2.1.2 (reference phase comparator). 
The test shall be considered as passed if both perceptibilities are almost identical. 
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5.2.6.2 Clear perceptibility of audible indication (if available) 

5.2.6.2.1 Type test 

The test applies to indicators located at the high voltage end of the pole(s). In the case of 
phase comparators with indicator unit(s), the type test of 5.2.6.2.2 applies. 

The test shall be carried out in free-field over reflecting plane conditions, in an environment 
following the requirements of Annex A of ISO 3744:2010. 

NOTE Such test conditions can be encountered in semi-anechoic rooms. 

Averaged over the microphone positions, the level of the background noise shall be at least 
6 dB(A) but preferably more than 15 dB(A) below the sound pressure level to be measured. If 
the difference between the sound pressure levels of the background noise and that emitted by 
the source is between 6 dB(A) and 15 dB(A), a correction shall be applied as described in 
8.2.3 of ISO 3744:2010. 

The instrumentation system, including the microphone and cable, shall meet the requirements 
for a class 1 instrument specified in IEC 61672-1. The filters used shall meet the requirements 
for a class 1 instrument specified in IEC 61260. 

During each series of measurements, a sound calibrator with an accuracy of class 1 specified 
in IEC 60942 shall be applied to the microphone to verify the calibration of the entire 
instrument system. 

The indication "incorrect phase relationship" and/or “correct phase relationship” shall be 
caused by arranging the corresponding phase relation on the test electrode(s). 

The test can be performed by energizing the phase comparator by any relevant means if the 
same results are achieved. 

The phase comparator shall be arranged as shown in Figure 9a, in such a manner that the 
sound axis of the phase comparator is parallel to the ground and at least 1,5 m away from any 
sound-reflecting surfaces. 

A measuring plane shall be established, perpendicular to the sound axis according to 
Figure 9a. The distance of 400 mm can be increased by 200 mm if this will enable higher 
sound intensities to be measured. 

The measurements shall be carried out for the indications "incorrect phase relationship" 
and/or "correct phase relationship", at each of the twelve microphone positions of Figure 9b. 
The sound pressure level shall be measured in each octave band of the frequency range 
1 000 Hz to 4 000 Hz, with the A-weighting network. 

The period of observation shall be at least 10 s for a continuous signal. For an intermittent 
signal, the integration time for the measurement shall be shorter than the signal duration. 

The test shall be considered as passed, if for each microphone position, the sound pressure 
level, within at least one octave band of the frequency range of interest, is greater than 

– 70 dB(A), (ref.: 20 µPa) for a phase comparator with continuous sound signal; 

– 67 dB(A), (ref.: 20 µPa) for a phase comparator with intermittent sound signal. 

Other higher values may be agreed between manufacturer and customer for specific usage in 
very noisy areas. 
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Dimensions in millimetres 

 

a) Side view 

Dimensions in millimetres 

 

b) Front view from “A” 

Key 
1 sound axis 4 and X measuring points 
2 measuring microphone 5 pole of the phase comparator 
3 measuring plane   

Figure 9 – Test set-up for clear perceptibility of audible indication 
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5.2.6.2.2 Type test applicable to indicator units 

Sound pressure levels shall be measured according to the specifications of ISO 3744, in 
terms of the main requirements (grade 2 accuracy, measurement surface, microphone 
positions, background noise, etc.), except for the fact that the measurements are carried out 
in a free-field, without the reflecting plane referred to in ISO 3744. 

The absorption coefficient of the environment shall be at least 0,9 at 700 Hz (see ISO 354). 
The measurement may be carried out in an anechoic room duly compliant with ISO 3745; in 
this case, the required absorption conditions are naturally fulfilled. In a semi-anechoic room or 
any other free-field over a reflecting plane environment in accordance with ISO 3744, the 
absorption of the reflecting plane can generally be obtained by covering this surface with a 
sound absorbing material approximately 20 cm thick and with a minimum surface area of 
2,0 m × 2,0 m. 

In addition, the background noise level of the room shall be at least 6 dB, and preferably more 
than 15 dB, below the sound pressure level to be measured within the frequency range of 
interest. 

The instrumentation system, including the microphone and related cables, shall meet the 
requirements for a type 1 instrument as specified in IEC 61672-1 for sound level meters 
(required for continuous signal) or for integrating-averaging sound level meters (required for 
intermittent sounds). The filters used shall meet the requirements for a class 1 instrument 
specified in IEC 61260. 

During each series of measurements, a sound calibrator with an accuracy of class 1 specified 
in IEC 60942 shall be applied to the microphone to verify the calibration of the entire 
instrument system. 

The measuring surface shall be a hemisphere with a radius r = 1 m and with ten microphone 
positions. The indicator unit (test object) shall be installed so that the sound transmitter is 
oriented towards point 10. The sound transmitter shall coincide with the centre of the co-
ordinates system of the hemispherical measurement surface (see Figure 10a) and shall be at 
least 250 mm above the absorption surface on the floor (for example 250 mm above the 
sound absorbing material when the measurements are carried out in a modified semi-
anechoic room). 

The indication "incorrect phase relationship" and/or “correct phase relationship” shall be 
obtained by arranging the corresponding phase relation on the test electrode(s). 

The test can be performed by energizing the phase comparator by any relevant means if the 
same results are achieved. 

The sound pressure level shall be measured within the frequency range 1 000 Hz to 4 000 Hz, 
with the A-weighting network. Before starting measurements, it shall be checked that the 
indicator of the test object radiates predominantly within this frequency range. The A-weighted 
time-averaged sound pressure level shall be measured, for intermittent or continuous sound 
emission, at each microphone position (points 1 to 10 as described in Figure 10b). If the 
difference between the sound pressure level measured with the test object and the 
background noise level is between 6 dB and 15 dB, corrections shall be applied to the 
measurement values, in accordance with 8.2.3 of ISO 3744:2010. The A-weighted sound 
pressure levels are then averaged over the measurement surface (point 1 to 10) according to 
8.2.2 of ISO 3744:2010. 
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Dimensions in millimetres 

 

a) Positioning of the test object in the test set-up 

 

Microphone 
position 

x/r y/r z/r Microphone 
position 

x/r y/r z/r 

1 -0,99 0 0,15 6 0,89 0 0,45 

2 0,50 -0,86 0,15 7 -0,33 0,57 0,75 

3 0,50 0,86 0,15 8 -0,66 0 0,75 

4 -0,45 0,77 0,45 9 0,33 -0,57 0,75 

5 -0,45 -0,77 0,45 10 0 0 1,0 

b) Key measurement points on the hemisphere 

Key 

A hemisphere measurement surface D indicator unit (test object) 

B microphone E sound absorbing material 

C sound transmitter F mounting surface 

Figure 10 –Test set-up for measurement of clear perceptibility  
of audible indication in the case of indicator units 
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The test shall be considered as passed if the values of the A-weighted time-averaged sound 
pressure levels, both for point 10 and for the average obtained for point 1 to 10, are equal to 
or exceed: 

– 58,5 dB for continuous sound; 
– 55,5 dB for intermittent sound. 

5.2.6.2.3 Alternative test for phase comparators having completed the production 
phase 

The alternative test consists in comparing the perceptibility of the audible indication of a 
manufactured phase comparator to the one of a phase comparator which has passed 
successfully the type test according to 5.2.6.2.1 or 5.2.6.2.2 (reference phase comparator). 
The test shall be considered as passed if both perceptibilities are almost identical. 

5.2.7 Frequency dependence 

5.2.7.1 Tolerance of nominal frequency 

5.2.7.1.1 Type test 

The test consists in performing the tests for clear indication using the test set-up and the test 
procedure of 5.2.1 and 5.2.2. 

For a phase comparator with one nominal frequency, the tests shall be performed at 99,8 % 
and 100,2 % of the nominal frequency on both ball test electrodes. 

For a phase comparator with two nominal frequencies, the test shall be performed at 99,8 % 
and 100,2 % of each nominal frequency on both ball test electrodes. 

The test shall be considered as passed if the sanctions of 5.2.2 are met. 

5.2.7.1.2 Alternative means for phase comparators having completed the production 
phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
performance under variations of the nominal frequency. 

5.2.7.2 Frequency shift for single-pole phase comparator 

5.2.7.2.1 Type test 

The frequency generator shall have the following specification: 

Where the distribution of the measurement error is known: 

– frequency resolution: 0,25 mHz 

– accuracy of the frequency measurement: ± 0,000 5 % (5 ppm) 

NOTE 1 This specification refers to the requirement for frequency shift of 1 mHz/s, with a ratio of 4/1. 

Where the distribution of the measurement error is unknown: 

– frequency resolution: 0,1 mHz 

– accuracy of the frequency measurement: ± 0,000 2 % (2 ppm) 

NOTE 2 This specification refers to the requirement for frequency shift of 1 mHz/s, with a ratio of 10/1. 
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In the first test, the test procedure of 5.2.2 with the relevant test series 1 and 2 shall be 
applied with a linear frequency shift of 1 mHz/s during 5 s following the indication "memory 
ready", starting from the nominal frequency. 

The test shall be considered as passed if the indication “incorrect phase relationship” does 
not appear or the indication "correct phase relationship" appears according to the type of 
indication of the phase comparator. 

In the second test, the test procedure of 5.2.2 with the relevant test series 3 and 4 shall be 
applied with a linear frequency shift of 10 mHz/s during 5 s following the indication "memory 
ready", starting from the nominal frequency. 

In the third test, the test procedure of 5.2.2 with the relevant test series 3 and 4, shall be 
applied with a linear frequency shift of 10 mHz/s during the maximum memory holding time 
declared by the manufacturer starting from the nominal frequency.  

The two last tests shall be considered as passed if the indication "incorrect phase 
relationship" or "non-readiness" appears. 

The test can be performed by energizing the phase comparator by any relevant means if the 
same results are achieved. 

5.2.7.2.2 Alternative means for single-pole phase comparators having completed the 
production phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
performance under frequency shift. 

5.2.8 Response time 

5.2.8.1 Type test 

According to the type of indication of the phase comparator two voltages according to Table 4 
(test series 1 or test series 3) shall be applied to the ball test electrodes B1 and B2 (see 
Figure 3) to get a clear indication of the phase relationship. 

The ring test electrodes R1 and R2 shall be earthed. 

The response time of the two-pole phase comparator shall be measured after the second pole 
is brought into contact with electrode B2. For a single-pole phase comparator, it shall be 
moved from test electrode B1 to test electrode B2 after the indication "memory ready" 
appears.  

The test shall be considered as passed if within 1 s after the moment when the relevant pole 
is brought into contact with electrode B2 the correct clear indication appears. Otherwise a 
clear indication that a data processing is still running shall appear before providing the 
indication of a phase relationship. 

5.2.8.2 Alternative means for phase comparators having completed the production 
phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
response time. 
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5.2.9 Power source dependability 

5.2.9.1 Type test 

The test shall be performed for a phase comparator with built-in power source only. 

The phase comparator shall be connected to a voltage source with a test voltage and a phase 
difference that will make the indication “correct phase relationship” or “incorrect phase 
relationship” appear. 

The phase comparator shall be removed from the voltage source and after switching off either 
automatically or manually it shall be switched on again after 2 min. Then it shall be connected 
to the voltage source again. 

These procedures shall be repeated until 

– an indication is given that the phase comparator is no longer operational, or 
– the phase comparator is switched off automatically for that reason. 

The test shall be considered as passed if one of the above-mentioned requirements is fulfilled 
and if, during each test step, the expected active signal appears. 

The test duration may be reduced by using other methods that give the same result (for 
example, the use of an unloaded built-in power source with more energy than necessary for a 
good functioning or the use of an external power supply). 

5.2.9.2 Alternative means for phase comparators having completed the production 
phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
power source dependability. 

5.2.10 Check of testing element 

5.2.10.1 Type test 

The testing element is activated according to the instructions for use. 

A visual and, if provided, an audible signal shall appear according to the instructions for use. 
The testing element shall be activated three times, and a signal shall appear each time. 

The electric circuit (and the flow chart if a software is used) shall be checked to verify that all 
circuits are tested, except those mentioned in the instructions for use. 

5.2.10.2 Alternative test for phase comparators having completed the production 
phase 

The test procedure of 5.2.10.1 shall be performed except for the check of the electric circuit. 

5.2.11 Time rating of single-pole phase comparator 

5.2.11.1 Type test 

The phase comparator shall be connected to a voltage source with a test voltage of 1,2 Un 
and a phase difference that makes the indication “correct phase relationship” or “incorrect 
phase relationship” appear. The test voltage shall be applied to the contact electrode of the 
phase comparator for the maximum time rating declared by the manufacturer in the 
instructions for use. 
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The test shall be considered as passed if the expected indication is uninterrupted for all the 
test period. 

5.2.11.2 Alternative means for single-pole phase comparators having completed the 
production phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
time rating. 

5.2.12 Time rating of two-pole wireless phase comparators 

5.2.12.1 Type test 

For a phase comparator having a nominal voltage lower than or equal to 123 kV the test 
voltage shall be 1,2 Un. For a phase comparator having a nominal voltage higher than 123 kV 
the test voltage shall be 1,2 Un/ 3  but greater than 148 kV (≈1,2 times 123 kV). 

The phase comparator shall be connected to a voltage source with a test voltage defined 
above and a phase difference that makes the indication “correct phase relationship” or 
“incorrect phase relationship” appear. The test voltage shall be applied to the contact 
electrodes of the phase comparator for the maximum time rating declared by the manufacturer 
in the instructions for use. 

The test shall be considered as passed if the communication between the different units, as 
well as the expected indication is uninterrupted for all the test period. 

5.2.12.2 Alternative means for two-pole wireless phase comparators having 
completed the production phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
time rating. 

5.3 Dielectric tests 

5.3.1 Insulating material for tubes and rods 

5.3.1.1 Type test 

These tests shall only be performed for tubes and rods which are not covered by IEC 60855-1 
or IEC 61235. 

Insulating parts which are between 60 mm and 200 mm long shall be tested over their entire 
length. For longer lengths, test pieces of 200 mm shall be made. The ends of the test pieces 
shall not be sealed for the test. 

A strip, approximately 0,5 mm thick and 10 mm wide, shall be removed over the entire length 
of the axis of each test piece. The test piece shall be conditioned in water having a maximum 
resistivity of 100 Ω·m at a temperature of 40°C ± 2 K for 96 h. 

At the end of this period, adhering water shall be wiped off. A 20 mm wide band electrode of 
conductive material shall be immediately applied on the exterior surface, at both ends of the 
test piece. After a drying period of 15 min ± 1 min, in a room at a temperature of 23°C ± 3 K, a 
test voltage of 1 kV/cm for 5 min shall be applied.  

The test shall be considered as passed if the current is not greater than 50 µA rms at any time 
during the last 4 min. 
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After removal of the test pieces, the current passing through the test set-up shall not exceed 
10 µA rms with the test voltage applied. 

5.3.1.2 Alternative test or means for phase comparators having completed the 
production phase 

(Under consideration) 

5.3.2 Protection against bridging for indoor/outdoor type phase comparators 

5.3.2.1 General 

Each pole of a phase comparator shall be tested. 

The test is related to the part of a pole of a phase comparator located between the limit mark 
and the top of the contact electrode. If there is no limit mark on a phase comparator as a 
separate device, the end of the adaptor shall be regarded as the limit mark (Figure 1). 

The test set-up used for the protection against bridging is given in Figure 11 while the type of 
test is given in Table 6. 

Table 6 – Type of test 

 Ai+200 mm>d1 Ai+200 mm ≤ d1 

Type of test 
Surface stress 

and 
radial and surface stress 

Surface stress 

 

Dimensions in millimetres 

 

Key 

A bar A 

B bar B 

C bar section, for example copper or steel 

e length of the short part of a bar 

The bar section shall be 60 mm × 10 mm and the corners shall be rounded to a radius of 1 mm. The cut-off ends 
shall have the same curve as the bar. 

Figure 11 – Test arrangements and dimensions  
of the bars for protection against bridging 
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The distance d1 between bar A and bar B shall be adjusted according to Table 7. The 
distance d2 of Figure 11, shall be calculated as follows: 

d2 = Ai + d1 + 200 (all dimensions are in mm) 

where Ai is the insertion depth (Figure 1). 

The test voltage shall be 1,2 Ur for a phase comparator having a nominal voltage lower than 
or equal to 123 kV.  

The test voltage shall be 1,2 Ur/ 3  but shall be greater than 148 kV (≈1,2 times 123 kV) for a 
phase comparator having a nominal voltage higher than 123 kV.  

Bridging tests shall be performed within the limits of the voltage range of the phase 
comparator for each distance d1 at the highest voltage of each range given in Table 7. 

Table 7 – Distance d1 for the bridging test set-up 

Un 
kV 

d1 
mm 

Indoor Outdoor 

Un ≤ 7,2 50 150 

7,2 < Un ≤ 12 60 150 

12 < Un ≤ 17,5 85 180 

17,5 < Un ≤ 24 115 215 

24 < Un ≤ 36 180 325 

36 < Un ≤ 52 240 520 

52 < Un ≤ 72,5 330 700 

72,5 < Un ≤ 123 650 1 100 

123 < Un ≤ 145 1 100 1 100 

145 < Un ≤ 170 1 350 1 350 

170 < Un ≤ 245 1 850 1 850 

 

The bars shall be electrically connected as shown in Figure 12. The ground clearance of bars 
shall be at least d1.  
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Key  

A bar A 

B bar B 

P pole of the phase comparator 

Figure 12 – Electrical connection of the bars 

5.3.2.2 Surface stress test 

The top of the contact electrode of the pole to be tested shall be placed on bar A at the 
narrow point d1 (Figure 11) and the pole of the phase comparator shall be laid on bar B for 1 
min. The pole of the phase comparator still staying at the narrow point is turned and pushed 
forward toward bar A, until the limit mark plus 200 mm reaches the bar A (Figure 13).  

The test shall be considered as passed if no flashover or breakdown occurs. 

  
Initial position Final position 

 

Key  

A bar A 

B bar B 

P pole of the phase comparator 

Figure 13 – Surface stress test 

5.3.2.3 Radial and surface stress test 

The top of the contact electrode of the pole to be tested shall be placed on bar A at the 
narrow point d1 and the pole of the phase comparator shall be laid on bar B. Then the pole of 
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the phase comparator is rolled along the bars, until the limit mark plus 200 mm reaches bar B 
(Figure 14) while the top of the contact electrode remains in contact with bar A. 

 

Key  

A bar A 

B bar B 

P pole of the phase comparator 

P1 initial position of P 

P2 final position of P 

Figure 14 – Radial and surface stress test 

The test shall be considered as passed if no flashover or breakdown occurs. 

5.3.3 Protection against bridging for outdoor type phase comparator 

Each pole of the phase comparator shall be tested.  

The pole shall be fitted with two conductive band electrodes, which have a width specified in 
Table 8. These band electrodes are wound around the pole of the phase comparator, one at 
the contact electrode and the other in the direction of the handle at a distance d1 specified in 
Table 7, column “Outdoor”, measured from the top of the contact electrode. 

The band electrodes may be shielded by means of concentric rings having the dimensions 
given in Table 8. The concentric rings shall be electrically connected to the band electrodes. 

NOTE In this case, the rings are used to control the electric field around the band electrodes. 

Table 8 – Dimensions for the concentric rings and band electrodes 

Width of  
band electrodes 

Concentric rings 

Outside diameter Cross-section diameter 

mm mm mm 

20 200 30 

 

One band electrode shall be connected to an a.c. voltage source, and the other band 
electrode shall be connected to earth. 
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For practical reasons, the band electrode nearest to ground is generally connected to earth 
and the farthest is connected to the a.c. voltage source. 

Precipitation shall be performed in accordance with 5.1.3. 

The pole of the phase comparator shall be aligned at an angle of inclination of 20° ± 5° to the 
vertical, in such a way that its contact electrode points downwards, and the rain falls at an 
angle of roughly 45° to the vertical (i.e. at an angle of roughly 65° to the phase comparator) 
(see Figure 15). The precipitation on the test section should be as uniform as possible. 

The pole shall be wetted for 3 min. Then, it shall be turned 180° as quickly as possible, so 
that the contact electrode points upwards, and wetted for an additional 2 min. 

Then, the test voltage shall be applied for 1 min while the rain continues. 

The test voltage shall be 1,2 Ur for a phase comparator having a nominal voltage lower than 
or equal to 123 kV.  

The test voltage shall be 32,1 rU but shall be greater than 148 kV (≈1,2 times 123 kV) for a 
phase comparator having a nominal voltage higher than 123 kV.  

Bridging tests shall be performed within the limits of the voltage range of the phase 
comparator for each distance d1 at the highest voltage of each range given by Table 7. 

The band electrodes shall be shifted section by section, always maintaining the same 
distance d1, so that the sections overlap by approximately 50 %. 

This test shall be repeated until the earthed electrode is at the distance d3 from the top of the 
contact electrode, with 
 

d3 = Ai + d1 
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Key  

A ring electrodes 

B conductive band electrodes 

P pole of the phase comparator 

R precipitation 

V vertical line 

Figure 15 – Test arrangement for testing bridging protection  
of outdoor type phase comparator 

The test shall be considered as passed if no flashover or breakdown occurs. 

For a phase comparator with the insertion depth shorter than d1, the test is only made for 
distance d1 from the top of the contact electrode. 

5.3.4 Spark resistance 

5.3.4.1 General 

For the following test, the phase comparator shall be activated. 

The test set-up of Figure 11 shall be used for the spark resistance test. 

The distance d1 between bar A and bar B shall be adjusted according to Table 7. 

The electrical connections of the bars shall be according to Figure 12. 

The test voltage shall be 1,2 Ur for a phase comparator having a nominal voltage lower than 
or equal to 123 kV.  

The test voltage shall be 32,1 rU  but shall be greater than 148 kV (≈1,2 times 123 kV) for a 
phase comparator having a nominal voltage higher than 123 kV.  
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5.3.4.2 Type test  

5.3.4.2.1 Single-pole phase comparator 

The pole shall be moved towards the rear bar until its contact electrode touches it. Then the 
pole shall be moved back, remaining in contact with and supported by the front bar and 
positioned such that the largest standing spark discharge is created between the contact 
electrode and the rear bar. This can be achieved by moving the pole along the bars and/or 
moving angularly the pole relatively to the bars. The phase comparator shall be kept in this 
position for 1 min. If it is not possible to have a permanent spark discharge, the test is 
completed. 

The pole shall be moved again towards the rear bar until its contact electrode touches it. Then 
the pole shall be turned and adjusted in the position which provides the largest standing spark 
discharge between the indicator and the front bar. This can be achieved by moving the pole 
along the bars and/or moving angularly the pole relatively to the bars. The phase comparator 
shall be kept in this position for 1 min. If it is not possible to have a permanent spark 
discharge, the test is completed. 

Finally the phase comparator is checked for in-phase relationship by touching the rear bar 
according to the instructions for use. 

The test shall be considered as passed if there is no damage to the phase comparator, if it is 
not shut off and gives clear indication of the phase relationship. 

5.3.4.2.2 Two-pole wireless phase comparator 

The contact electrode of one pole shall be connected to the front bar. 

The other pole shall be moved towards the rear bar until its contact electrode touches it. Then 
the pole shall be moved back, remaining in contact with and supported by the front bar and 
positioned such that the largest standing spark discharge is created between the contact 
electrode and the rear bar. This can be achieved by moving the pole along the bars and/or 
moving angularly the pole relatively to the bars. The phase comparator shall be kept in this 
position for 1 min. If it is not possible to have a permanent spark discharge, the test is 
completed. 

Then the same pole shall be moved again towards the rear bar until its contact electrode 
touches it. Then the pole shall be turned and adjusted in the position which provides the 
largest standing spark discharge between the indicator and the front bar. This can be 
achieved by moving the pole along the bars and/or moving angularly the pole relatively to the 
bars. The phase comparator shall be kept in this position for 1 min. If it is not possible to have 
a permanent spark discharge, the test is completed.  

The sequence of the test shall be repeated by interchanging the position of the poles. 

Finally the phase comparator is checked for in-phase relationship by touching the rear bar 
with the two poles according to the instructions for use. 

The test shall be considered as passed if there is no damage to the phase comparator, if it is 
not shut off and gives clear indication of the phase relationship. 

5.3.4.3 Alternative means for phase comparators having completed the production 
phase 

The manufacturer shall prove that it has followed the same documented assembly procedure 
as per the type tested device. The manufacturer shall document components that affect the 
spark resistance. 
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5.3.5 Leakage current for phase comparator as a complete device 

5.3.5.1 Type test 

5.3.5.1.1 General 

Each pole of a phase comparator as a complete device shall be tested. 

This test is related to the part of a pole of the phase comparator as a complete device located 
between the limit mark and the hand guard. 

The pole of the phase comparator shall be fitted with two conductive band electrodes, which, 
according to the nominal voltage of the phase comparator, have a width specified in Table 8. 
These band electrodes are wound around the pole of the phase comparator, one adjacent to 
the hand guard in the direction of the contact electrode and the other, directly adjacent to the 
limit mark in the direction of the handle. 

The band electrodes shall be shielded by means of concentric rings having the dimensions 
given in Table 8. The band electrodes and the concentric rings shall be electrically insulated 
from each other. 

NOTE In this case, the rings are used to shield the current measuring circuit of the stray capacitive current. 

A test voltage of 1,2 Ur shall be applied for a phase comparator having a nominal voltage 
lower than or equal to 123 kV. 

A test voltage of 32,1 rU , but greater than 148 kV (≈1,2 times 123 kV), shall be applied for 
a phase comparator having a nominal voltage higher than 123 kV. 

For a phase comparator with a nominal voltage range the test voltage shall be as defined 
above and related to the higher value of the nominal voltage. 

Leakage currents shall be measured according to the following procedure. 

5.3.5.1.2 Leakage current under dry conditions 

In a first step the leakage current (rms value) shall be measured under dry conditions while 
the test voltage is applied for 1 min. 

The band electrode at the hand guard shall be connected to earth through an ammeter by 
means of an earthed shielded cable. The adjacent concentric ring shall be connected to earth 
directly. The band electrode and the concentric ring at the limit mark shall be connected to the 
test voltage (see Figure 16). 

Provisions should be taken to avoid any unwanted interference with the measurement. 
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Key 

A ammeter L limit mark 

H handle P pole of the phase comparator 

HV high voltage source   

Figure 16 – Arrangement for leakage current test under dry conditions 
for phase comparator as a complete device 

The test shall be considered as passed if the leakage current for each pole never exceeds 
50 µA. 

5.3.5.1.3 Leakage current under wet conditions for outdoor type 

For outdoor type phase comparators, a wet test is also required. 

Precipitation shall be performed in accordance with 5.1.3. 

The rain shall fall at an angle of roughly 45° to the vertical. The precipitation on the test 
section covering the complete insulating length should be as uniform as possible. 

The pole of the phase comparator shall be placed on an earthed plane and shall be aligned at 
an angle of inclination of 20° ± 5° to the vertical, with its contact electrode downward (i.e. an 
angle of roughly 65° between rainfall and the pole of the phase comparator). The band 
electrode near the limit mark shall be connected to earth through the ammeter. The contact 
electrode and the concentric ring near the limit mark shall be earthed. The band electrode and 
the concentric ring near the handle shall be connected to the test voltage (see Figure 17a). 

The pole of the phase comparator shall be wetted for 15 min. While the rain continues, the 
test voltage shall be applied for 1 min and the leakage current shall be measured. The 
maximum value of the leakage current shall be recorded. 

In order to avoid the measurement of current spikes due to water drops and stream, the 
ammeter should give at least an averaging time of 1 s and its input should be equipped with 
an appropriate RC filter cutting frequencies above 240 Hz. 

The pole of the phase comparator shall then be turned 180°, so that the contact electrode 
points upwards. The band electrode near the handle shall be connected to earth through the 
ammeter and its adjacent concentric ring shall be earthed. The contact electrode, the band 
electrode and the concentric ring near the limit mark shall be connected to the test voltage 
(see Figure 17b). 
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The pole of the phase comparator shall be wetted for an additional 15 min. While the rain 
continues, the test voltage shall be applied for 1 min and the leakage current shall be 
measured. The maximum value of the leakage current shall be recorded. 

The test shall be considered as passed if the leakage current for each pole under wet 
conditions never exceeds 0,5 mA. 

  

a) Downwards position b) Upwards position 

Key 

A ammeter HV high voltage source 

C contact electrode R precipitation 

E earthed plane V vertical line 

H handle   

Figure 17 – Arrangement for leakage current tests under wet conditions  
for phase comparator as a complete device 

5.3.5.2 Alternative test for phase comparators having completed the production 
phase 

The manufacturer may use an alternative test set-up to check that the leakage current under 
dry conditions does not exceed the value given in 5.3.5.1.2. 

5.4 Mechanical tests 

5.4.1 Visual and dimensional inspection 

5.4.1.1 Visual inspection 

The complete phase comparator shall be tested for compliance with the relevant requirements 
of 4.4.1, 4.4.2, 4.4.3, 4.5 and 4.6. It shall be verified that the user does not have access to the 
settings according to 4.2.1.2. 

5.4.1.2 Dimensional inspection 

The phase comparator shall be checked for compliance with the requirements of 4.4.3 and 
4.5. 
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5.4.2 Grip force and deflection for phase comparator as a complete device 

The pole(s) of the assembled phase comparator shall be kept in a horizontal position by 
means of two supports. One support (front support) shall be located 50 mm from the hand 
guard, towards the end of the handle. The other support (rear support) shall be located 
50 mm from the end of the handle. The distance between the two supports shall never exceed 
1 000 mm (see Figure 18). 

If the handle is longer than 1 100 mm the support at the free end of the handle shall be set at 
a distance of 1 000 mm from the front support. 

Dimensions in millimetres 

 

Key 

1 pole of the phase comparator 3 front support 

2 hand guard 4 rear support 

Figure 18 – Test for grip force 

The grip force shall be measured at the front support and shall be less than 200 N. 

In the test position described above, the deflection of each pole shall be measured. The value 
shall not exceed 10 % of the total length of each pole. 

5.4.3 Vibration resistance 

5.4.3.1 Type test 

The test shall be performed on each pole. If relevant, the indicator unit(s) of the phase 
comparator shall also be subjected to the test. 

The test method shall be in accordance with IEC 60068-2-6. 

In the case of a phase comparator as a separate device the pole shall be tested without an 
attachable insulating stick. In the case of a phase comparator as a complete device the pole 
shall be tested without its insulating element (if possible). The pole of the phase comparator 
shall be fastened to the vibrator by rigid intermediate parts which shall not affect the test 
results. 

To attenuate any large amplitude oscillations which may be induced in the contact electrode 
during the test, the free ends of the electrodes shall be fastened to the rigid part. 
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The assembly shall be submitted to sinusoidal rectilinear vibrations in two perpendicular 
directions, one of which corresponds to the long axis of the pole of the phase comparator. 

The sweep (run of the specified frequency range, once in each direction) shall be continuous 
and the sweeping rate shall be approximately one octave per minute. The frequency range 
shall be from 10 Hz to 150 Hz. 

The amplitude and acceleration shall be as follows: 

– 0,15 mm peak value between 10 Hz and 58 Hz; 
– 19,6 m/s2 (2 g) peak value between 58 Hz and 150 Hz. 

The duration of the test shall be set for 2 h in each direction. 

The test shall be considered as passed if the pole of the phase comparator shows no signs of 
mechanical damage. 

5.4.3.2 Alternative means for phase comparators having completed the production 
phase 

It is not practical to perform the vibration test after completing the production phase for 
checking the conformity to the associated requirements. Nevertheless the manufacturer shall 
prove that it has followed the same documented assembly procedure as per the type tested 
device. The manufacturer shall document components that affect the vibration resistance. 

5.4.4 Drop resistance 

5.4.4.1 Type test 

The test shall be performed on each pole. If relevant, the indicator unit(s) of the phase 
comparator shall also be subjected to the test. 

The test shall be performed in accordance with free fall, procedure 1, of IEC 60068-2-31 with 
the following parameters: 

– the test surface shall be concrete or steel. The test surface shall be smooth, hard and 
rigid; 

– the pole of the phase comparator shall be dropped from horizontal, and from diagonal 
static positions;  

– the height of fall shall be 1 m from the horizontal position; 
– the height of fall shall be 1 m plus 20 % of the overall length of the phase comparator for 

the diagonal position. For the diagonal position, the height of fall shall be the distance 
between the end of the contact electrode, projected onto a vertical axis, and the floor (see 
Figure 19). In the case of the pole of the phase comparator with overall length lower than 
1,2 m, the phase comparator shall be dropped from the vertical position with the contact 
electrode upward. This parameter does not apply to the indicator unit; 

– the number of falls shall be one per position. 

The test shall be considered as passed if the pole of the phase comparator shows no signs of 
mechanical damage even if the contact electrode is bent without destruction. 

If the insulating stick is not provided, the test shall be performed with an insulating stick 
having the minimum constructive dimensions specified in 4.4.3. 
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Key  

P pole of a phase comparator 

H height of fall 

F test surface (floor) 

Figure 19 – Drop resistance test – Diagonal position 

5.4.4.2 Alternative means for phase comparators having completed the production 
phase 

It is not practical to perform the drop test after completing the production phase for checking 
the conformity to the associated requirements. Nevertheless the manufacturer shall prove that 
it has followed the same documented assembly procedure as per the type tested device. The 
manufacturer shall document components that affect the drop resistance. 

5.4.5 Shock resistance 

5.4.5.1 Type test 

The test is designed to check the sturdiness of the phase comparator. The test method shall 
be in accordance with the IEC 60068-2-75 pendulum method. 

The most fragile part of the phase comparator shall be submitted to shock five times. The 
same location on the most fragile part shall be shocked only once. 

The impact energy shall be 5 J. 

The test shall be considered as passed if the phase comparator shows no sign of mechanical 
damage. 

5.4.5.2 Alternative means for phase comparators having completed the production 
phase 

It is not practical to perform the shock test after completing the production phase for checking 
the conformity to the associated requirements. Nevertheless the manufacturer shall prove that 
it has followed the same documented assembly procedure as per the type tested device. The 
manufacturer shall document components that affect the shock resistance. 

5.4.6 Climatic resistance 

5.4.6.1 Type test 

Before this test, each pole of the phase comparator shall be cleaned with isopropanol and 
then dried in air for 15 min. 
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The test is performed at least on the indicator for each pole, if so equipped, in accordance 
with IEC 60068-2-14 except for the temperature cycles and time relative to humidity. In this 
case, the test cycle shall be in accordance with the following (see Figure 20). When 
performing the test on a two-pole phase comparator the test is performed simultaneously on 
both poles. If relevant, the indicator unit(s) of the phase comparator shall also be subjected to 
the test. 

 

Key    

X test point 3 humidity 96 % 

1 low temperature 4 humidity 50 % 

2 high temperature 5 5 min to 10 min time period 

Figure 20 – Curve of test cycle for climatic resistance 

The parts of the phase comparator submitted to climatic conditioning shall be placed in a 
climatic chamber. The temperature of the chamber is lowered from the ambient temperature 
to the required low value according to the climatic category of the phase comparator (see 
Table 1). The temperature of the chamber shall be maintained for 2 h. 

The parts of the phase comparator submitted to climatic conditioning shall then be removed 
from the climatic chamber and within 5 min to 10 min following the withdrawal, the phase 
comparator shall be assembled and the test shall be carried out according to 5.2.2, test series 
2 and 3, at ambient temperature. Wiping of external parts is allowed. 

The parts of the phase comparator submitted to climatic conditioning shall be kept at ambient 
temperature for 2 h. 

The parts of the phase comparator submitted to climatic conditioning shall next be placed in 
the climatic chamber and the temperature shall be increased 2 K/min until it reaches the high 
value according to the climatic category of the phase comparator (see Table 1). The relative 
humidity shall be maintained at 50 %. 

The chamber shall be kept at the high temperature for 3 h. During the first hour and half, the 
relative humidity shall be increased from 50 % to 96 %. 

The parts of the phase comparator submitted to climatic conditioning shall then be removed 
from the climatic chamber and within 5 min to 10 min following the withdrawal, the phase 
comparator shall be assembled and the test shall be carried out according to 5.2.2, test series 
2 and 3, at ambient temperature. Wiping of external parts is allowed. 
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The test shall be considered as passed if the phase comparator always gives correct 
indications. 

NOTE This test procedure combines conditions of steady extreme temperatures and sudden change of 
temperature, since it is not practical to perform high voltage tests in a climatic chamber.  

5.4.6.2 Alternative means for phase comparators having completed the production 
phase 

It is not practical to perform the test under climatic conditions after completing the production 
phase for checking the conformity to the associated requirements. Nevertheless the 
manufacturer shall prove that it has followed the same documented assembly procedure as 
per the type tested device. The manufacturer shall document components that affect the 
climatic performance. 

5.4.7 Durability of markings 

The markings shall be rubbed successively with a rag soaked in water for at least 1 min, then 
with another rag soaked in isopropanol for another minimum of 1 min. 

The test is considered as passed if the markings remain legible and the letters do not smear. 

The surface of the phase comparator may change. No signs of loosening shall be present for 
labels. 

Marking produced by an engraving or moulding process shall be deemed to comply without 
test. 

5.5 Test for reasonably foreseeable misuse during live working 

5.5.1 Voltage selection (where relevant) 

The voltage selector of the phase comparator shall be switched at the lowest position. The 
test for clear indication shall be performed at the highest nominal voltage of the voltage 
ranges. 

The test shall be considered as passed if the device gives no incorrect indication, and no 
phenomenon occurs which could cause a danger to the user. 

5.5.2 Frequency selection (where relevant) 

The frequency selector of the phase comparator shall be switched at 50 Hz position. The test 
for clear indication shall be performed at 60 Hz. 

The test shall be considered as passed if the device gives no indication, and no phenomenon 
occurs which could cause a danger to the user. 

5.5.3 Channel selection for wireless connection (where relevant) 

The channel selector of one unit of the wireless phase comparator shall be put at a certain 
position (a certain frequency) and the channel selector of the other units shall be put at the 
closest adjacent frequency. The test for clear indication shall be performed at the highest 
voltage of the voltage ranges. 

The test shall be considered as passed if the device gives no indication. 
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6 Conformity assessment of phase comparators having completed the 
production phase 

For conducting the conformity assessment during the production phase, IEC 61318 shall be 
used in conjunction with the present standard. 

Annex D, developed from a risk analysis on the performance of the phase comparator, 
provides the classification of defects and identifies the associated tests applicable in the case 
of production follow-up.  

7 Modifications 

Any modification of the phase comparator shall require: 

• a repeat of the type tests, in whole or in part (if the degree of modification so justifies); 

• an update of the phase comparator reference literature. 
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Annex A 
(normative) 

 
Instructions for use 

 

Instructions for use that contain all the information necessary for the use and care of the 
phase comparator shall be supplied with every phase comparator. 

These include, where applicable, the following as a minimum: 

– information that the phase comparators are designed to be used by trained or skilled 
persons and in accordance with the hot stick working method; 

– statement that a phase comparator as covered by this standard is to be used on parts at 
the same voltage and the same frequency; 

– statement that a phase comparator as covered by this standard is not to be used as a 
voltage detector; 

– explanation of the marking; 
– instructions for proper usage; 
– for phase comparators with any selector, explanation of correct selection, possible misuse 

and its consequences;  
– statement and explanation of the maximum time rating; 
– explanation of the assembly of the phase comparator (if relevant); 
– explanation of the limit mark and the hand guard; 
– significance of the indication signals; 
– explanation of the proper use of the testing element and statement of any limitations (for 

example, when the testing element is not testing all circuits); 
– for a wireless phase comparator, statement of the maximum distance range in free space 

between the various units as well as the conditions (buildings, weather conditions, etc.) in 
which this range may be reduced; 

– explanation of the marking “LU” and its purpose concerning the proper use; 
– explanation concerning the possible use of accessories especially the use of a contact 

electrode extension; 
– identification of accessories and combination of accessories that have been submitted 

with the phase comparator to the type test; 
– explanation concerning the possible effect of accessories on the performances of the 

phase comparator especially the use of different contact electrodes and contact electrode 
extensions; 

– statement concerning the possible use on factory-assembled switchgear; 
– explanation concerning the limits within which the voltage of the parts of the installation to 

be compared may vary giving at the same time a clear indication; 
– statement concerning possible effects of interference field; 
– statement concerning the duration that the phase comparator may be in contact with 

installations while exposed to precipitation; 
– in the case of a phase comparator as a separate device, a statement that the choice of an 

insulating stick may greatly influence the grip force and deflection; 
– instructions for storage and care; 
– instructions for periodic maintenance tests; 
– instructions for transport; 
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– statement concerning which parts of the phase comparator can be replaced by the user 
and what parameters shall be maintained in doing so; 

– statement concerning the type, the minimum length of the insulating element and the 
dielectric properties of the insulating stick that has to be used in conjunction with the 
phase comparator as a separate device; 

– statement regarding the d.c. indication. 
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Annex B 
(normative) 

 
Suitable for live working; double triangle 

(IEC 60417-5216 (2002-10)) 
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Annex C 
(normative) 

 
Chronology of type tests 

 

Table C.1 – Sequential order for performing type testsa 

Sequential 
order Type tests Subclauses Requirements 

1 Visual and dimensional inspection 5.4.1 
4.1, 4.2.1.1, 4.4.2, 

4.4.3, 
4.5, 4.6 

2 Vibration resistance 5.4.3.1 4.4.5 

2 Drop resistance 5.4.4.1 4.4.6 

2 Shock resistance 5.4.5.1 4.4.7 

3 Clear indication 5.2.2 4.2.1 

4 Climatic resistance 5.4.6.1 4.2.4 

4 

Frequency dependence   

– Tolerance of nominal frequency 5.2.7.1.1 4.2.5.2 

– Frequency shift 5.2.7.2.1 4.2.5.3 

4 Power source dependability (or out of sequence) 5.2.9.1 4.2.7 

5 Protection against bridging for indoor/outdoor type phase 
comparator 5.3.2 4.3.2, 4.3.5 

5 Protection against bridging for outdoor type phase comparator 5.3.3 4.3.2, 4.3.5 

6 Spark resistance 5.3.4.2 4.3.3 

7 Distance range for wireless connection 5.2.3 4.2.2 

8 
Time rating 

– single-pole phase comparator 
– two-pole wireless phase comparator 

 

5.2.11.1 

5.2.12.1 

4.2.9 

9 Check of testing element 5.2.10.1 4.2.8 

9 Influence of electric interference fields 5.2.5 4.2.1.3 

10 Leakage current under dry conditions for a phase comparator 
as a complete device 5.3.5.1.2 4.3.4.2 

11 Leakage current under wet conditions for an outdoor type 
phase comparator as a complete device  5.3.5.1.3 4.3.4.2 

12 Channel selection in the case of misuse of phase comparator 
with wireless connection 5.5.3 4.7.3 

13 Voltage selection in the case of misuse 5.5.1 4.7.1 

13 Frequency selection in the case of misuse 5.5.2 4.7.2 
a Type tests with the same sequential number can be performed in the more convenient order. 
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Table C.2 – Type tests out of sequence 

Type tests Subclauses Requirements 

Durability of marking 5.4.7 4.5 

Grip force and deflection for phase comparator as a complete device 5.4.2 4.4.4 

Clear perceptibility of visual indication 5.2.6.1.1 
5.2.6.1.2 4.2.3.1 

Clear perceptibility of audible indication (if available) 5.2.6.2.1 
5.2.6.2.2 4.2.3.2 

Response time 5.2.8.1 4.2.6 

EMC 5.2.4.1 4.2.1.6 

Insulating materials (for tubes and rods used for phase comparator as a 
complete device) 5.3.1.1 4.3.1 

BS EN 61481-1:2014



 – 70 – IEC 61481-1:2014 © IEC 2014 

Annex D 
(normative) 

 
Classification of defects and tests to be allocated 

 

Annex D was developed to address the type of defects of a manufactured phase comparator 
(critical, major or minor) in a consistent manner (see IEC 61318). For each requirement 
identified in Table D.1, both the type of defect and the associated test are specified. Annex F 
defines the rationale for the classification of defects. 

Table D.1 – Classification of defects and associated requirements and tests 

Requirements Type of defects Test 

Critical Major Minor 

4.4.3 Minimum length of the insulating element for a 
phase comparator as a complete device 

X   5.4.1.2 

4.5 Correctness of the marking of the phase 
comparator 

X   5.4.1.1 

4.3.4.2 Leakage current along the insulating element of 
a phase comparator as a complete device 

X   5.3.5.2 

4.2.1 Clear indication of the status of the phase 
relationship 

X   5.2.2 

4.2.1.3 Effect of interference fields (continuous 
indication) 

X    b 

4.3.2 Protection against bridging for indoor/outdoor 
type phase comparator 

X   5.3.2 

Protection against bridging for outdoor type 
phase comparator 

X   5.3.3 a 

4.3.3 Spark resistance  X  5.3.4.3 

4.2.6 Response time only for phase comparators with 
one active signal “incorrect phase relationship” 
or “correct phase relationship” and with a 
response time below or equal to 1 s 

X   5.2.8.2 

Response time only for phase comparators with 
one active signal “incorrect phase relationship” 
or “correct phase relationship” and with a 
declared response time above 1 s or with two 
active signals 

  X 

 Frequency dependence X    

4.2.5.2 – Tolerance of nominal frequency    5.2.7.1.2 

4.2.5.3 – Frequency shift    5.2.7.2.2 

4.2.4 Temperature and humidity dependence of the 
indication 

X   5.4.6.2 

4.2.3 Clear perceptibility: only visual  X  5.2.6.1.3 
5.2.6.2.3 

Clear perceptibility: visual and audible   X 

4.4.5 Vibration resistance X   5.4.3.2 

4.4.6 Drop resistance X   5.4.4.2 

4.4.7 Shock resistance X   5.4.5.2 

4.2.2 Distance range  X  5.2.3 

4.2.8 Functioning of the testing element  X  5.2.10.2 

4.2.7 Power source dependability X   5.2.9.2 

4.2.1.6 EMC emission  
EMC immunity 

 
X 

 X 5.2.4.2 
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Requirements Type of defects Test 

Critical Major Minor 

4.2.9 Time rating for single pole phase comparator  X  5.2.11.2 

Time rating for two- pole wireless phase 
comparator 

 X  5.2.12.2 

4.5 Marking: availability and durability  X  5.4.1.1 
5.4.7 

4.4.4 Grip force and deflection   X 5.4.2 

4.6 Instructions for use (availability) X   5.4.1.1 

4.3.1 Insulating material for tubes and rods of phase 
comparator as complete device 

X   5.3.1.2 

4.3.5 Indicator casing (dielectric property) X   5.3.2 
5.3.3 a 

a For outdoor type phase comparators the tests are performed in dry conditions only. 
b At the production level there is no need to perform a test associated with this requirement. The confirmation 

of the clear indication according to 5.2.2 confirms the correctness of the performance of the device to give a 
correct indication under the interference field. 
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Annex E 
(informative) 

 
Information and guidelines on the use of the limit mark 

and of a contact electrode extension 
 

E.1 General 

Annex E aims at providing additional information on the purpose and use of the limit mark, 
which is a mandatory part of a phase comparator as a complete device and of the contact 
electrode extension which is an accessory to a phase comparator. 

E.2 Situation when using a phase comparator as a complete device 

As defined in Clause 3 of this standard, the limit mark is a distinctive location or mark to 
indicate to the user the physical limit to which the phase comparator may be inserted between 
live parts or may touch them. 

The worker handling a phase comparator as a complete device is provided with an adequate 
insulation by the insulating element which is defined by the distance between the limit mark 
and the hand guard (see Figure E.1). 

This standard specifies a minimum length of the insulating element of a phase comparator as 
a complete device (Table 2). A user may specify for a longer length.  

 
Key  
1 limit mark 
2 hand guard 
3 insulating element 

Figure E.1 – Insulating element of a pole of  
a phase comparator as a complete device 
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When handling a phase comparator near live parts of an electrical installation, the worker 
should always make sure that the device will approach the live parts in a way so as to not 
shorten in any unsafe manner the insulation distance between the limit mark and the hand 
guard.  

The limit mark is a physical way to indicate to the worker the limit of insertion of the device 
between live parts. Any live part contacting the phase comparator in any location between the 
limit mark and the hand guard will shorten the insulation distance.  

When the worker positions the phase comparator right under a live part, with no obstacles in 
between (see Figure E.2), the limit mark has no significant use.  

 

Key  

1 limit mark 

2 hand guard 

3 live parts 

Figure E.2 – Example of positioning of a pole of a phase comparator  
in contact with a live part without obstacles from other live parts 

However, in some installation configurations, the worker may have to approach a live part by 
positioning the phase comparator close to another live part, under or over it. In such a 
situation, to have the limit mark going between the live parts would reduce the insulation 
distance (see Figure E.3). This has to be avoided. 
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Key  

1 limit mark 

2 hand guard 

3 live parts 

4 contact electrode 

Figure E.3 – Example of incorrect positioning of a pole of  
a phase comparator with the limit mark between two live parts 

To avoid such situation, the distance between the contact electrode and the limit mark of the 
phase comparator has to be extended in such a way that it exceeds the usual distances 
between live parts for a given operating voltage.  

Two usual ways for achieving that are, 

– the use of a suitable length of permanent contact electrode extension by a proper design 
of the device, or 

– the use of a contact electrode extension as an accessory to the phase comparator. 

Both ways are illustrated in Figure E.4. 
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Key  

1 limit mark 

3 live parts 

4 contact electrode 

5 permanent contact electrode extension 

6 contact electrode extension 

Figure E.4 – Usual ways of managing the design or the use of the phase comparator for 
maintaining the insulation distance between the limit mark and the hand guard 

For the design of a proper length of insulating element, Table E.1 provides recommended 
minimum distances from the limit mark to the contact electrode identified as the insertion 
depth (Ai) for different values of nominal voltages. 

Table E.1 – Recommended minimum lengths  
from the limit mark to the contact electrode (Ai) 

Un  
kV 

Ai 
mm 

1 < Un ≤ 12 300 

12 < Un ≤ 24 450 

24 < Un ≤ 36 600 

36 < Un ≤ 72,5 1 200 

NOTE The values are selected in consideration of the extension that is necessary 
for the usual construction type of three-phase systems. In certain circumstances, 
larger lengths may be required and agreed between manufacturer and customer. 
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E.3 Situation when using a phase comparator as a separate device 

A pole of a phase comparator as a separate device is equipped with an adaptor to permit its 
attachment to an insulating stick. The insulating stick is a separate tool, and its general 
performance, as well as its length, is the responsibility of the user.  

In a certain way, the adaptor of a phase comparator as a separate device may be associated 
to the limit mark of a phase comparator as a complete device in the sense that the insulation 
of the worker will be provided by the insulating element of the insulating stick that is identified 
as the distance between the adaptor and the hand guard of the insulating stick. 

However, while the insulating element of a phase comparator as a complete device is of a 
determined length corresponding to the design of the manufacturer, the length of the 
insulating stick and the determination of the distance between the adaptor and the hand guard 
of the stick are the responsibility of the users and may be influence by the working 
procedures. 

When managing the positioning of the phase comparator between live parts, the user has two 
possible ways to achieve that: 

– the use of a contact electrode extension as an accessory to the phase comparator,  
– the use of an insulating stick of a length longer than the minimum length of insulation 

towards the hand guard that will allow the adaptor of the insulating stick to be between live 
parts (see Figure E.5). 
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Key  

3 live parts 

5 contact electrode extension 

6 adaptor  

7 insulating stick of the appropriate length 

8 minimum length of insulation (under the responsibility of the users and influenced by the working 
procedures) 

Figure E.5 – Usual ways of managing the use of the phase comparator as a separate 
device for assuring the appropriate insulation for the worker 
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Annex F 
(informative) 

 
Rationale for the classification of defects 

 

Annex F provides the rationale for the classification of defects specified in Annex D. For a 
brand new phase comparator, Table F.1 presents the justification for the type of defect 
associated with a lack of compliance with each of the requirements included in the standard. 

This analysis takes into consideration that phase comparators are used by persons trained for 
the work, in accordance with the hot stick working method and the instructions for use. 

Table F.1 – Rationale for the classification of defects 

Requirement Justification for the associated defect  
specified in Annex D 

Critical defects 

Minimum length of the insulating 
element (phase comparator as a 
complete device) 

A shorter length of the insulating element can result in an 
unacceptable value of leakage current and/or can lead to a breakdown 
during use. 

Leakage current (phase comparator as 
a complete device) 

The insulating element of a phase comparator as a complete device is 
the protection of the worker during each use of the device. On a brand 
new device a value of leakage current above the limit is a hazard for 
the initial worker. 

Clear indication of the status of the 
phase relationship 

If the phase comparator gives a false indication (for example "Correct" 
instead of "Incorrect") it can lead to a hazardous situation. 

Effect of interference fields 
(continuous indication) 

If the phase comparator gives a false indication (for example "Correct" 
instead of "Incorrect") it can lead to a hazardous situation. 

Electromagnetic – Immunity If the phase comparator does not fulfil the immunity requirements, it 
can give wrong indications. 

Temperature and humidity 
dependence of the indication 

If the phase comparator does not work properly in its temperature 
range, it could give a false indication and lead to a hazardous situation 
for the worker. 

Frequency dependence 
– Tolerance of nominal frequency 
– Frequency shift (single-pole phase 

comparator) 

If the phase comparator does not work properly in its frequency range, 
it can give a false indication and lead to a hazardous situation for the 
worker. 

Response time only for phase 
comparators with one active signal 
“incorrect phase relationship” or 
“correct phase relationship” and with a 
response time below or equal to 1 s  

If for any reasons the response time becomes longer than 1 s, the 
worker could conclude a non answer as an indication. This could lead 
to a hazardous situation for the worker. 

Power source dependability The purpose of this requirement is to ensure that the phase 
comparator will indicate properly until the built-in power source is 
exhausted. If not it could give incorrect indication and lead to a 
hazardous situation. 

Insulating material for tubes and rods 
of phase comparator as complete 
device 

The good dielectric performance of the insulating material for tubes 
and rods used for complete devices guarantees the protection of the 
worker during each use of the device.  

Protection against bridging This would be hazardous for the user to have the phase comparator 
initiate a fault between two parts at different potential. Of course the 
users would not be in the direct circuit of the arc but may be close 
enough to suffer from the arc by-products. 

Indicator casing If the material and dimensioning of the indicator casing are not 
adequately rated with respect to voltage and power, it can lead to 
hazardous situation.  

Marking – correctness An incorrect marking, for example a wrong nominal voltage or a wrong 
operational class, could result in a hazardous situation.  
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Requirement Justification for the associated defect  
specified in Annex D 

Critical defects (cont.) 

Vibration resistance If a brand new device does not have a good mechanical performance 
to drop, shock and vibration, it can lead to internal defect which can 
cause hazardous situations. Drop resistance 

Shock resistance 

Major defects 

Clear perceptibility: only visual If the worker cannot see the visual indication, the worker cannot 
conclude. 

Testing element (non-functioning) If the testing element does not function, the worker will become aware 
of that during the test. This results in a non-availability of the phase 
comparator. 

Instructions for use A phase comparator without its instructions for use is an incomplete 
product and should not be used. 

Time rating If a phase comparator does not respect the time rating, it means that 
an internal fault has occurred. The device does not work properly any 
more. That reduces significantly the functionality of the product. 

Protection against sparking If a phase comparator does not respect this requirement, some 
elements could be destroyed. The device does not work anymore. That 
reduces significantly the functionality of the product. 

Distance range A wireless phase comparator that cannot communicate properly within 
its specified distance range is not functional. 

Marking: availability and durability If the marking is not available or is impaired the worker will not use the 
phase comparator. 

Minor defects 

Electromagnetic – emission If the phase comparator does not fulfil the emission requirements, it 
will (perhaps) affect other devices in the vicinity but it will not affect 
the phase comparator. 

Clear perceptibility: visual and audible We can consider that there is always one active signal operational and 
the operator can conclude. It does not affect significantly the 
functionality of the device. 

Response time only for phase 
comparators with one active signal 
“incorrect phase relationship” or 
“correct phase relationship” and with a 
declared response time above 1 s or 
with two active signals 

For these types of phase comparator, a “non response” can never be 
considered as an indication. The worker will conclude something only 
when the device gives an indication, even if he has to wait more than 
1 s. There is no misunderstanding. 

Grip force and deflection Even if the grip force and the deflection do not fulfil the requirements, 
it does not reduce significantly the functionality of the product. 
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Annex G 
(informative) 

 
In-service care 

 

Maintenance tests should be carried out periodically on phase comparators to ascertain and, 
if necessary, make certain adjustments to ensure that their performance remains within 
specified limits. 

It is the responsibility of the user to elaborate the maintenance schedule, based on national 
regulations, on manufacturer’s instructions and on the conditions of use (storage, regular 
care, etc.). However, no phase comparator, even those held in storage, should be used 
unless re-tested, within a maximum period of six years. 

It is recommended that the periodic maintenance be done by a competent test facility. 

At any time, a visual inspection of the phase comparator should be made before use. If there 
is a doubt that the device is not in good condition, it should be excluded from further use, then 
returned to the manufacturer for repair or rejection. 

Table G.1 lists the tests that verify the physical integrity, the functioning of the phase 
comparator and its insulation performance. It also recommends a chronological order for 
performing the tests. The insulating stick to be used with phase comparators as a separate 
device should be covered by an IEC, regional, national or local/company standard. 

Table G.1 – In-service testing 

Chronological 
order 

Designations Subclauses 

1 Visual and dimensional inspection 5.4.1 

2 Check of testing element a 5.2.10.2 

3 Leakage current under dry conditions b 5.3.5.2 

4 Protection against bridging for indoor/outdoor type 
phase comparator c 

5.3.2 

5 Spark resistance d 5.3.4 

6 Clear indication 5.2.2 

7 Clear perceptibility of visual indication e 5.2.6.1 

7 Clear perceptibility of audible indication e 5.2.6.2 

a The check of the electrical circuits, to verify that all circuits are tested, is not necessary. 
b When the test is performed as a periodic testing, the admissible leakage current may be higher than that 

specified in 5.3.5 but it should not exceed 200 µA. 
c Under dry conditions only. 
d For practical purposes this test may be combined with the test for protection against bridging (number 5 of the 

chronological list). The test duration for spark resistance is at least 5 s. 

e A comparison may be made with a reference phase comparator of the same design. Tests for clear 
perceptibility may also be combined with other previous tests of the list. 

 

According to the design of the phase comparator and its fabrication process, the manufacturer 
may specify additional tests related to particular components or characteristics. These 
specific tests should be noted in the instructions for use. 

BS EN 61481-1:2014



IEC 61481-1:2014 © IEC 2014 – 81 – 

Bibliography 

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at 
http://www.electropedia.org) 

IEC 60050-651:2014, International Electrotechnical Vocabulary (IEV) – Part 651: Live working 

IEC 60071-1:2006, Insulation co-ordination – Part 1: Definitions, principles and rules  

IEC 60743:2013, Live working – Terminology for tools, equipment and devices 

IEC 60855-1:2009, Live working – Insulating foam-filled tubes and solid rods – Part 1: Tubes 
and rods of a circular cross-section 

IEC 61235:1993, Live working – Insulating hollow tubes for electrical purposes 

IEC 61936-1:2010, Power installations exceeding 1 kV a.c. – Part 1: Common rules 

ISO/IEC 17025, General requirements for the competence of testing and calibration 
laboratories 

 

_____________ 

BS EN 61481-1:2014

http://www.electropedia.org/


This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	30315656-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references 
	3 Terms and definitions
	4 Requirements
	4.1 Indication
	4.2 Functional requirements
	4.2.1 Clear indication
	4.2.2 Distance range
	4.2.3 Clear perceptibility
	4.2.4 Temperature and humidity dependence of the indication
	4.2.5 Frequency dependence
	4.2.6 Response time
	4.2.7 Power source dependability
	4.2.8 Testing element
	4.2.9 Time rating

	4.3 Electrical requirements
	4.3.1 Insulating material
	4.3.2 Protection against bridging
	4.3.3 Resistance against sparking
	4.3.4 Insulating element of phase comparator as a complete device
	4.3.5 Indicator casing

	4.4 Mechanical requirements
	4.4.1 General
	4.4.2 Design
	4.4.3 Dimensions, construction
	4.4.4 Grip force and deflection
	4.4.5 Vibration resistance
	4.4.6 Drop resistance
	4.4.7 Shock resistance

	4.5 Marking
	4.6 Instructions for use
	4.7 Requirements in the case of reasonably foreseeable misuse during live working
	4.7.1 Voltage selection 
	4.7.2 Frequency selection
	4.7.3 Channel selection for wireless connection


	5 Tests
	5.1 General
	5.1.1 Testing provisions
	5.1.2 Atmospheric conditions
	5.1.3 Tests under wet conditions
	5.1.4 Type test
	5.1.5 Test methods

	5.2 Function tests
	5.2.1 Description of the test set-up and general pass criteria
	5.2.2 Clear indication
	5.2.3 Distance range for two-pole phase comparators with wireless connection
	5.2.4 Electromagnetic compatibility (EMC)
	5.2.5 Influence of electric interference fields
	5.2.6 Clear perceptibility
	5.2.7 Frequency dependence
	5.2.8 Response time
	5.2.9 Power source dependability
	5.2.10 Check of testing element
	5.2.11 Time rating of single-pole phase comparator
	5.2.12 Time rating of two-pole wireless phase comparators

	5.3 Dielectric tests
	5.3.1 Insulating material for tubes and rods
	5.3.2 Protection against bridging for indoor/outdoor type phase comparators
	5.3.3 Protection against bridging for outdoor type phase comparator
	5.3.4 Spark resistance
	5.3.5 Leakage current for phase comparator as a complete device

	5.4 Mechanical tests
	5.4.1 Visual and dimensional inspection
	5.4.2 Grip force and deflection for phase comparator as a complete device
	5.4.3 Vibration resistance
	5.4.4 Drop resistance
	5.4.5 Shock resistance
	5.4.6 Climatic resistance
	5.4.7 Durability of markings

	5.5 Test for reasonably foreseeable misuse during live working
	5.5.1 Voltage selection (where relevant)
	5.5.2 Frequency selection (where relevant)
	5.5.3 Channel selection for wireless connection (where relevant)


	6 Conformity assessment of phase comparators having completed the production phase
	7 Modifications
	Annex A (normative) Instructions for use
	Annex B (normative) Suitable for live working; double triangle (IEC 60417-5216 (2002-10))
	Annex C (normative) Chronology of type tests
	Annex D (normative) Classification of defects and tests to be allocated
	Annex E (informative) Information and guidelines on the use of the limit markand of a contact electrode extension
	E.1 General
	E.2 Situation when using a phase comparator as a complete device
	E.3 Situation when using a phase comparator as a separate device

	Annex F (informative) Rationale for the classification of defects
	Annex G (informative) In-service care
	Bibliography
	Figures
	Figure 1 – Illustration of different elements and different principles of functioning of phase comparators
	Figure 2 – Location of allowed conductive parts within the minimum length of the insulating element of a pole of a phase comparator as a complete device
	Figure 3 – Test set-up for clear indication with the ball electrode in front of its ring electrode
	Figure 4 – Test set-up for clear indication with the ball electrodebehind its ring electrode
	Figure 5 – Positioning of a pole of the phase comparator in relation to a ball and ring test arrangement
	Figure 6 – Examples of suitable means for ensuring appropriate contact between a contact electrode and the ball electrode 
	Figure 7 – Test set-up for clear perceptibility of visual indication
	Figure 8 – Test set-up for measurement of clear perceptibility of visual indication in the case of an indicator unit
	Figure 9 – Test set-up for clear perceptibility of audible indication
	Figure 10 –Test set-up for measurement of clear perceptibility of audible indication in the case of indicator units
	Figure 11 – Test arrangements and dimensions of the bars for protection against bridging
	Figure 12 – Electrical connection of the bars
	Figure 13 – Surface stress test
	Figure 14 – Radial and surface stress test
	Figure 15 – Test arrangement for testing bridging protection of outdoor type phase comparator
	Figure 16 – Arrangement for leakage current test under dry conditions for phase comparator as a complete device
	Figure 17 – Arrangement for leakage current tests under wet conditions for phase comparator as a complete device
	Figure 18 – Test for grip force
	Figure 19 – Drop resistance test – Diagonal position
	Figure 20 – Curve of test cycle for climatic resistance
	Figure E.1 – Insulating element of a pole of a phase comparator as a complete device
	Figure E.2 – Example of positioning of a pole of a phase comparator in contact with a live part without obstacles from other live parts
	Figure E.3 – Example of incorrect positioning of a pole of a phase comparator with the limit mark between two live parts
	Figure E.4 – Usual ways of managing the design or the use of the phase comparator for maintaining the insulation distance between the limit mark and the hand guard
	Figure E.5 – Usual ways of managing the use of the phase comparator as a separate device for assuring the appropriate insulation for the worker

	Tables
	Table 1 – Climatic condition ranges
	Table 2 – Minimum length of the insulating element (Li) of a phase comparator as a complete device
	Table 3 – Dimensioning of the ball and ring test set-up
	Table 4 – Test series and conditions for clear indication
	Table 5 – Test series and conditions for influence of electric interference fields
	Table 6 – Type of test
	Table 7 – Distance d1 for the bridging test set-up
	Table 8 – Dimensions for the concentric rings and band electrodes
	Table C.1 – Sequential order for performing type testsa
	Table C.2 – Type tests out of sequence
	Table D.1 – Classification of defects and associated requirements and tests
	Table E.1 – Recommended minimum lengths from the limit mark to the contact electrode (Ai)
	Table F.1 – Rationale for the classification of defects
	Table G.1 – In-service testing


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	4 Exigences
	4.1 Indication
	4.2 Exigences fonctionnelles
	4.2.1 Indication indiscutable
	4.2.2 Portée de communication
	4.2.3 Perceptibilité indiscutable
	4.2.4 Influence de la température et de l'humidité sur l'indication
	4.2.5 Influence de la fréquence
	4.2.6 Temps de réponse
	4.2.7 Sécurité sur l’état de fonctionnement de l'alimentation
	4.2.8 Dispositif de contrôle
	4.2.9 Temps de fonctionnement

	4.3 Exigences électriques
	4.3.1 Matériau isolant
	4.3.2 Protection contre le contournement
	4.3.3 Résistance à l’amorçage
	4.3.4 Elément isolant d’un comparateur de phase en dispositif complet
	4.3.5 Boîtier de l'indicateur

	4.4 Exigences mécaniques
	4.4.1 Généralités
	4.4.2 Conception
	4.4.3 Dimensions, construction
	4.4.4 Force de préhension et flèche
	4.4.5 Résistance aux vibrations
	4.4.6 Résistance aux chutes
	4.4.7 Résistance aux chocs

	4.5 Marquage
	4.6 Instructions d’emploi
	4.7 Exigences en cas de mauvais usage raisonnablement prévisible pendant les travaux sous tension
	4.7.1 Sélection de la tension
	4.7.2 Sélection de la fréquence
	4.7.3 Sélection du canal en cas de liaison sans fil


	5 Essais
	5.1 Généralités
	5.1.1 Dispositions d’essai
	5.1.2 Conditions atmosphériques
	5.1.3 Essais sous pluie
	5.1.4 Essai de type
	5.1.5 Méthodes d’essai

	5.2 Essais de fonctionnement
	5.2.1 Description des montages d’essai et critères généraux de réussite
	5.2.2 Indication indiscutable
	5.2.3 Portée de communication dans le cas de comparateurs de phase bipolaires avec liaison sans fil
	5.2.4 Compatibilité électromagnétique (CEM)
	5.2.5 Influence des champs électriques perturbateurs
	5.2.6 Perceptibilité indiscutable
	5.2.7 Influence de la fréquence
	5.2.8 Temps de réponse
	5.2.9 Sûreté de fonctionnement de l'alimentation 
	5.2.10 Vérification du dispositif de contrôle
	5.2.11 Temps de fonctionnement du comparateur de phase unipolaire
	5.2.12 Temps de fonctionnement du comparateur de phase bipolaire avec liaison sans fil

	5.3 Essais diélectriques
	5.3.1 Matériaux isolants des tubes et des tiges
	5.3.2 Protection contre le contournement pour un comparateur de phase de type intérieur/extérieur
	5.3.3 Protection contre le contournement pour un comparateur de phase de type extérieur
	5.3.4 Résistance à l'amorçage
	5.3.5 Courant de fuite dans le cas d’un comparateur de phase en dispositif complet

	5.4 Essais mécaniques
	5.4.1 Contrôle visuel et dimensionnel
	5.4.2 Force de préhension et flèche dans le cas d’un comparateur de phase en dispositif complet
	5.4.3 Résistance aux vibrations
	5.4.4 Résistance aux chutes
	5.4.5 Résistance aux chocs 
	5.4.6 Résistance climatique
	5.4.7 Durabilité des marquages

	5.5 Essai pour un mauvais usage raisonnablement prévisible pendant les travaux sous tension 
	5.5.1 Sélection de la tension (le cas échéant)
	5.5.2 Sélection de la fréquence (le cas échéant)
	5.5.3 Sélection du canal en cas de liaison sans fil (le cas échéant)


	6 Evaluation de la conformité des comparateurs de phase issus de la production
	7 Modifications
	Annexe A (normative) Instructions d'emploi
	Annexe B (normative) Approprié aux travaux sous tension; double triangle (IEC-60417-5216 (2002-10))
	Annexe C (normative) Ordre chronologique des essais de type
	Annexe D (normative) Classification des défauts et essais associés
	Annexe E (informative) Information et guide concernant l’utilisation de la marque limite et d’une allonge d’électrode de contact
	E.1 Généralités
	E.2 Situation lors de l’utilisation d’un comparateur de phase en dispositif complet 
	E.3 Situation lors de l’utilisation d’un comparateur de phase en dispositif séparé

	Annexe F (informative) Justifications de la classification des défauts
	Annexe G (informative) Précautions d’emploi
	Bibliographie
	Figures
	Figure 1 – Illustration de différents éléments et de différents principes de fonctionnement des comparateurs de phase
	Figure 2 – Emplacement des parties conductrices permises à l’intérieur de la longueur minimale de l’élément isolant d’une perche de comparaison d’un comparateur de phase en dispositif complet
	Figure 3 – Montage d’essai pour l’indication indiscutable avec l’électrode boule devant son électrode en anneau 
	Figure 4 – Montage d’essai pour l’indication indiscutable avec l’électrode boule derrière son électrode en anneau 
	Figure 5 – Positionnement d’une perche de comparaison d’un comparateur de phase relativement à un assemblage boule-anneau
	Figure 6 – Exemples de moyens adéquats pour assurer un bon contact entre une électrode de contact et l’électrode boule
	Figure 7 – Montage d’essai de la perceptibilité indiscutable de l’indication visuelle
	Figure 8 – Montage d’essai de la perceptibilité indiscutable de l’indication visuelle dans le cas d’un module indicateur
	Figure 9 – Montage d’essai de la perceptibilité indiscutable de l’indication sonore
	Figure 10 – Montage d’essai pour la mesure de la perceptibilité indiscutable de l’indication sonore pour les modules indicateur
	Figure 11 – Assemblages d’essai et dimensions des barres pour la protection contre le contournement
	Figure 12 – Raccordement électrique des barres
	Figure 13 – Essai de contrainte longitudinale
	Figure 14 – Essai de contraintes longitudinale et transversale
	Figure 15 – Assemblage d’essai pour l’essai de protection contre le contournement d’un comparateur de phase de type extérieur
	Figure 16 – Assemblage pour l’essai de courant de fuite sous conditions sèches du comparateur de phase en dispositif complet
	Figure 17 – Assemblage pour les essais de courant de fuite sous conditions humides du comparateur de phase en dispositif complet
	Figure 18 – Essai pour la force de préhension
	Figure 19 – Essai de résistance aux chutes – Position diagonale
	Figure 20 – Courbe du cycle d’essai pour la résistance climatique
	Figure E.1 – Élément isolant d’une perche de comparaison d’un comparateurde phase en dispositif complet
	Figure E.2 – Exemple du positionnement d’une perche de comparaison d’un comparateur de phase en contact avec une pièce sous tensionsans obstacles formés par d’autres pièces sous tension
	Figure E.3 – Exemple du positionnement incorrect d’une perche de comparaison d’un comparateur de phase avec la marque limite entre deux pièces sous tension
	Figure E.4 – Façons habituelles de tirer parti de la conception ou de l’utilisation du comparateur de phase pour maintenir la distance d’isolation entre la marque limite et le garde-main
	Figure E.5 – Façons habituelles d’utiliser un comparateur de phase en dispositif séparé de façon à assurer l’isolation adéquate du travailleur

	Tableaux
	Tableau 1 – Plages de conditions climatiques
	Tableau 2 – Longueur minimale de l’élément isolant (Li) d’un comparateur de phase en dispositif complet
	Tableau 3 – Dimensions du montage d’essai boule-anneau
	Tableau 4 – Séries d’essai et conditions pour une indication indiscutable 
	Tableau 5 – Séries d’essais et conditions pour l’influence des champs électriques perturbateurs 
	Tableau 6 – Montage d’essai et type d’essai
	Tableau 7 – Distance d1 pour le montage d’essai de contournement
	Tableau 8 – Dimensions des anneaux concentriques et des électrodes-rubans
	Tableau C.1 – Ordre séquentiel pour effectuer les essais de typea
	Tableau C.2 – Essais de type hors séquence
	Tableau D.1 – Classification des défauts et exigences et essais associés
	Tableau E.1 – Longueurs minimales recommandées de la marque limite à l’électrode de contact (Ai)
	Tableau F.1 – Justification pour la classification des défauts
	Tableau G.1 – Essai en service





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




