
raising standards worldwide™

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

BSI Standards Publication

High-current test techniques —
Definitions and requirements 
for test currents and measuring
systems

BS EN 62475:2010

Full document details: BS EN 62475:2010

http://www.avadocuments.com/doc/bs-en-62475-2010
http://www.avadocuments.com/doc/bs-en-62475-2010


National foreword

This British Standard is the UK implementation of EN 62475:2010. It is 
identical to IEC 62475:2010.
The UK participation in its preparation was entrusted to Technical Committee
PEL/42, Testing techniques for high voltages and currents.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application. 

© BSI 2010 

ISBN 978 0 580 56946 3 

ICS 19.080

Compliance with a British Standard cannot confer immunity from 
legal obligations.

This British Standard was published under the authority of the Standards 
Policy and Strategy Committee on 31 December 2010.

Amendments issued since publication

Amd. No.                  Date                     Text affected

BRITISH STANDARDBS EN 62475:2010

Full document details: BS EN 62475:2010

http://www.avadocuments.com/doc/bs-en-62475-2010
http://www.avadocuments.com/doc/bs-en-62475-2010


   
EUROPEAN STANDARD EN 62475 
NORME EUROPÉENNE  

EUROPÄISCHE NORM December 2010 
  

CENELEC 
European Committee for Electrotechnical Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

 
Management Centre: Avenue Marnix 17, B - 1000 Brussels 

  
  
© 2010 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members. 

 Ref. No. EN 62475:2010 E 
  

ICS 19.080 
 
 

English version 
 
 

High-current test techniques -  
Definitions and requirements for test currents and measuring systems 

(IEC 62475:2010) 
 
 
Techniques des essais à haute intensité - 
Définitions et exigences relatives aux 
courants d'essai et systèmes de mesure 
(CEI 62475:2010) 

 Hochstrom-Prüftechnik -  
Begriffe und Anforderungen für 
Hochstrom-Messungen 
(IEC 62475:2010) 

 
 
 
 

This European Standard was approved by CENELEC on 2010-12-01. CENELEC members are bound to comply 
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard 
the status of a national standard without any alteration. 
 
Up-to-date lists and bibliographical references concerning such national standards may be obtained on 
application to the Central Secretariat or to any CENELEC member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other 
language made by translation under the responsibility of a CENELEC member into its own language and notified 
to the Central Secretariat has the same status as the official versions. 
 
CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, 
the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, 
Spain, Sweden, Switzerland and the United Kingdom. 
 

BS EN 62475:2010

Full document details: BS EN 62475:2010

http://dx.doi.org/10.3403/30149824U
http://www.avadocuments.com/doc/bs-en-62475-2010
http://www.avadocuments.com/doc/bs-en-62475-2010


EN 62475:2010 - 2 - 

Foreword 

The text of document 42/278/FDIS, future edition 1 of IEC 62475, prepared by IEC TC 42, High-voltage 
testing techniques, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as 
EN 62475 on 2010-12-01. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent 
rights. 

The following dates were fixed: 

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

 
 
(dop) 

 
 
2011-09-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2013-12-01 

Annex ZA has been added by CENELEC. 

__________ 

Endorsement notice 
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IEC 60947-2:2006 NOTE   Harmonized as EN 60947-2:2006 (not modified). 
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IEC 62271-1 NOTE   Harmonized as EN 62271-1. 

IEC 62271-100:2008 NOTE   Harmonized as EN 62271-100:2009 (not modified). 
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Annex ZA  
(normative) 

  

Normative references to international publications 
with their corresponding European publications 

  

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

  
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  

  

Publication Year Title EN/HD Year 
  

IEC 60051-2 1984 Direct acting indicating analogue electrical 
measuring instruments and their accessories -
Part 2: Special requirements for ammeters 
and voltmeters 

EN 60051-2 1989 

 

  

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

EN 60060-1 2010 

 

  

IEC 61180-1 - High-voltage test techniques for low-voltage 
equipment -  
Part 1: Definitions, test and procedure 
requirements 

EN 61180-1 - 

 

  

ISO/IEC Guide 98-3 2008 Uncertainty of measurement -  
Part 3: Guide to the expression of uncertainty 
in measurement (GUM:1995) 

- - 
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HIGH-CURRENT TEST TECHNIQUES –  
DEFINITIONS AND REQUIREMENTS FOR TEST CURRENTS  

AND MEASURING SYSTEMS 
 
 
 

1 Scope 

This International Standard is applicable to high-current testing and measurements on both 
high-voltage and low-voltage equipment. It deals with steady-state and short-time direct 
current (as e.g. encountered in high-power d.c. testing), steady-state and short-time 
alternating current (as e.g. encountered in high-power a.c. testing), and impulse-current. In 
general, currents above 100 A are considered in this International Standard, although currents 
less than this can occur in tests. 

NOTE This standard also covers fault detection during, for example, lightning impulse testing. 

This standard: 

• defines the terms used; 

• defines parameters and their tolerances; 

• describes methods to estimate uncertainties of high-current measurements; 

• states the requirements which a complete measuring system shall meet; 

• describes the methods for approving a measuring system and checking its components; 

• describes the procedure by which the user shall show that a measuring system meets the 
requirements of this standard, including limits set for uncertainty of measurement. 

2 Normative references 

The following referenced documents are indispensable for the application of this International 
Standard. For dated references, only the edition cited applies. For undated references, the 
latest edition of the referenced document (including any amendments) applies. 

IEC 60051-2:1984, Direct acting analogue electrical measuring instruments and their 
accessories – Part 2: Special requirements for ammeters and voltmeters 

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

IEC 61180-1, High-voltage test techniques for low-voltage equipment – Part 1: Definitions, 
test and procedure requirements 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 
uncertainty in measurement (GUM: 1995) 

NOTE Further related standards, guides, etc. on subjects included in this standard are given in the bibliography. 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 
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3.1 Measuring systems 

3.1.1  
measuring system 
complete set of devices suitable for performing measurements of a quantity to be measured 
(measurand). Software used to obtain or calculate measurement results also forms a part of 
the measuring system 

NOTE 1 A high-current measuring system usually comprises the following components: 

• converting device with either terminals to connect this device in circuit or appropriate coupling to the circuit,  
and connections to earth; 

• transmission system(s) connecting the output terminals of the converting device to the measuring 
instrument(s) with its attenuating, terminating, and adapting impedances or networks; and 

• measuring instrument(s) together with any connections to the power supply. 

Measuring systems which comprise only some of the above components or which are based on non-conventional 
principles are acceptable if they meet the uncertainty requirements specified in this standard. 

NOTE 2 The environment in which a measuring system functions, its clearances to live, current carrying, and 
earthed structures, and the presence of electromagnetic fields may significantly affect the measurement result and 
its uncertainty. 

3.1.2  
record of performance 
detailed record, established and maintained by the user, describing the measuring system 
and containing evidence that the requirements given in this standard have been met. This 
evidence includes the results of the initial performance test and the schedule and results of 
each subsequent performance test and performance check 

3.1.3  
approved measuring system 
measuring system that is shown to comply with one or more of the sets of requirements set 
out in this standard 

3.1.4  
reference measuring system 
measuring system with its calibration traceable to relevant national and/or international 
standards, and having sufficient accuracy and stability for use in the approval of other 
systems by making simultaneous comparative measurements with specific types of waveform 
and ranges of current 

NOTE A reference measuring system (maintained according to the requirements of this standard) can be used as 
an approved measuring system but the converse is not true. 

3.2 Components of a measuring system 

3.2.1  
converting device 
device for converting the quantity to be measured (measurand) into a quantity, compatible 
with the measuring instrument 

3.2.2  
current-converting shunt 
resistor across which the voltage is proportional to the current to be measured 

3.2.3  
current transformer 
instrument transformer in which the secondary current, in normal conditions of use, is 
substantially proportional to the primary current and differs in phase from it by an angle which 
is approximately zero for an appropriate direction of the connections 
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[IEC 60050-321:1986, 321-02-01] 

NOTE Current transformers are usually defined for a single frequency, but special designs with a wide frequency 
range are possible. 

3.2.4  
Rogowski coil 
inductive current-converting device without iron; measuring systems based on a Rogowski coil 
include an integrating circuit (passive, active, or numerical) 

NOTE Measuring systems based on a Rogowski coil can be designed for current measurements in a wide range 
of frequencies. 

3.2.5  
transmission system 
set of devices that transfers the output signal of a converting device to a measuring 
instrument(s) 

NOTE 1 A transmission system usually consists of a coaxial cable with its terminating impedance, but it may 
include attenuators, amplifiers, or other devices connected between the converting device and the measuring 
instrument(s). For example, an optical link includes a transmitter, an optical cable, and a receiver as well as related 
amplifiers. 

NOTE 2 A transmission system may be partially or completely included in the converting device or in the 
measuring instrument. 

3.2.6  
measuring instrument 
device intended to make measurements, alone or in conjunction with supplementary devices 

[IEC 60050-300:2001, 311-03-01] 

3.3 Scale factors 

3.3.1  
scale factor of a measuring system 
factor by which the value of the measuring-instrument reading is to be multiplied to obtain the 
value of the input quantity of the complete measuring system 

NOTE 1 A measuring system may have multiple scale factors for different current ranges, frequency ranges or 
waveforms. 

NOTE 2 Some measuring systems display the value of the input quantity directly (i.e., the scale factor of the 
measuring system is unity). 

3.3.2  
scale factor of a converting device 
factor by which the output of the converting device is to be multiplied to obtain its input 
quantity 

NOTE The scale factor of a converting device may be dimensionless (for example, the ratio of a current 
transformer) or may have dimensions (for example, related to the impedance of a current-converting shunt). 

3.3.3  
scale factor of a transmission system 
factor by which the output of a transmission system is to be multiplied to obtain its input 
quantity 

3.3.4  
scale factor of a measuring instrument 
factor by which the instrument reading is to be multiplied to obtain its input quantity 
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3.3.5  
assigned scale factor 
F 
scale factor of a measuring system determined at the most recent performance test 

NOTE A measuring system may have more than one assigned scale factor; for example, it may have several 
ranges, each with a different scale factor. 

3.4 Rated values 

3.4.1  
operating conditions 
conditions under which a measuring system will operate within the specified uncertainty limits 

3.4.2  
rated current 
maximum level of current of specified frequency or waveform at which a measuring system is 
designed to be used  

NOTE The rated current may be higher than the upper limit of the assigned measurement range. 

3.4.3  
assigned measurement range 
range of current of specified frequency or waveform in which a measuring system can be used 
within the uncertainty limits given in this standard, characterized by a single scale factor 

NOTE 1 The limits of the assigned measurement range are chosen by the user and verified by the performance 
tests specified in this standard. 

NOTE 2 A measuring system may have more than one assigned measurement range, with different scale factors 
established for the different ranges. 

3.4.4  
assigned operating time 
longest time during which a d.c. or a.c. current measuring system can operate at the upper 
limit of the assigned measurement range within the uncertainty limits given in this standard 

3.4.5  
assigned rate of application 
highest rate of specified short-time currents or impulse currents that can be applied in a given 
time interval, at which the measuring system can operate at the upper limit of the assigned 
measurement range and stay within the uncertainty limits given in this standard 

NOTE The assigned rate of application could for example be expressed as the number of applications per minute 
and the time interval in minutes or hours. 

3.5 Definitions related to the dynamic behaviour 

3.5.1  
response of a measuring system,  
g  or G 
output, as a function of time or frequency, when a specified current is applied to the input of 
the system 

3.5.2  
amplitude-frequency response  
G(f) 
ratio of the output to the input of a measuring system as a function of frequency, f, when the 
input is sinusoidal 
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3.5.3  
limit frequencies 
lower and upper limits of the range within which the amplitude-frequency response is nearly 
constant   

NOTE These limits are where the response first deviates by a certain amount (e.g. ±15 %) from the constant 
value. The permissible deviation should be related to acceptable uncertainties of a measuring system (see 
Figure 1). 
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NOTE Upper and lower limit frequencies are shown on curve A. Curve B shows a constant response down to 
direct current.  

Figure 1 – Examples of amplitude frequency responses for limit frequencies (f1; f2)  

3.5.4  
step response  
g(t) 
output of a measuring system as a function of time, t, when the input is a step function 

NOTE For more information on step-response measurements see  Annex C. 

3.6 Definitions related to uncertainty 

3.6.1  
tolerance 
permitted difference between the measured value and the test specified value 

NOTE 1 This difference should be distinguished from the uncertainty of a measurement. 

NOTE 2 The measured test current is required to lie within the stated tolerance of the specified test level. The 
relevant technical committee should specify test levels. 

3.6.2  
uncertainty (of measurement) 
parameter, associated with the result of a measurement, that characterizes the dispersion of 
the values that could reasonably be attributed to the measurand 

[IEC 60050-300:2001, 311-01-02] 

NOTE 1 Uncertainty is positive and given without sign.  

NOTE 2 Uncertainty of a measurement should not be confused with the tolerance of a test-specified value or 
parameter. 

NOTE 3 For more information see  Annex A and  Annex B. 
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3.6.3  
standard uncertainty  
u 
uncertainty of the result of a measurement expressed as a standard deviation 

[ISO/IEC Guide 98-3:2008, GUM 2.3.1] 

NOTE 1 The standard uncertainty associated with an estimate of a measurand has the same dimension as the 
measurand. 

NOTE 2 In some cases, the relative standard uncertainty of a measurement may be appropriate. The relative 
standard uncertainty of a measurement is the standard uncertainty divided by the measurand, and is therefore 
dimensionless. 

3.6.4  
combined standard uncertainty 
uc 
standard uncertainty of the result of a measurement when that result is obtained from the 
values of a number of other quantities, equal to the positive square root of a sum of terms, the 
terms being the variances or covariances of these other quantities weighted according to how 
the measurement result varies with changes in these quantities 

[ISO/IEC Guide 98-3:2008, GUM 2.3.4] 

3.6.5  
expanded uncertainty  
U 
quantity defining an interval about the result of a measurement that may be expected to 
encompass a large fraction of the distribution of values that could reasonably be attributed to 
the measurand 

[ISO/IEC Guide 98-3:2008, GUM 2.3.5, modified, i.e. without the notes] 

NOTE Expanded uncertainty is the closest match to the term “overall uncertainty” used in earlier editions of the 
related documents. 

3.6.6  
coverage factor  
k 
numerical factor used as a multiplier of the combined standard uncertainty in order to obtain 
an expanded uncertainty 

(ISO/IEC Guide 98-3:2008, GUM 2.3.6, modified, i.e. without the note) 

NOTE For 95 % coverage probability and normal (Gaussian) probability distribution, the coverage factor is 
approximately 2. 

3.6.7  
error 
measured quantity value minus a reference quantity value 

[ISO/IEC Guide 99:2007, VIM 2.1.6] 

3.6.8  
traceability 
property of the result of a measurement or the value of a standard whereby it can be related 
to stated references, usually national or international standards, through an unbroken chain of 
comparisons, all having stated uncertainties  

[IEC 60050-300:2001, 311-01-15, modified, i.e. without the notes] 
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3.6.9  
type A evaluation 
method of evaluation of uncertainty by statistical analysis of observations 

3.6.10  
type B evaluation 
method of evaluation of uncertainty by means other than statistical analysis of series of 
observations 

3.6.11  
National Metrology Institute 
institute designated by national decision to develop and maintain national measurement 
standards for one or more quantities 

3.7 Definitions related to tests on measuring systems 

3.7.1  
calibration 
set of operations that establishes, by reference to standards, the relationship which exists, 
under specified conditions, between an indication and a result of a measurement 

NOTE 1 This term is based on the "uncertainty" approach. 

NOTE 2 The relationship between the indications and the results of measurement can be expressed, in principle, 
by a calibration diagram. 

NOTE 3 The determination of the scale factor is included in the calibration. 

[IEC 60050-300:2001, 311-01-09, modified, i.e. by the addition of NOTE 3] 

3.7.2  
type test 
conformity test made on one or more items representative of the production 

[IEC 60050-151:2001, 151-16-16] 

NOTE For a measuring system, this is understood as a test performed on a component or on a complete 
measuring system of the same design to characterize it under operating conditions. 

3.7.3  
routine test 
conformity test made on each individual item during or after manufacture 

[IEC 60050-151:2001, 151-16-17] 

NOTE For a measuring system this is understood as a test performed on each component or on each complete 
measuring system during or after manufacture to characterize it under operating conditions. 

3.7.4  
performance test 
test performed on a complete measuring system to characterize it under operating conditions 

3.7.5  
performance check 
simple procedure to ensure that the result of the most recent performance test is still valid 
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4 Procedures for qualification and use of a measuring system 

4.1 General principles 

Every approved measuring system is required to undergo initial testing, followed by 
subsequent performance tests (periodic, see  4.2) and performance checks (periodic, see  4.3) 
throughout its service life. The initial tests consist of type tests (performed on a component, or 
system, of the same design) and routine tests (performed on every component or system).  

The performance tests and checks shall prove that the measuring system can measure the 
intended test currents within the uncertainties given in this standard, and that the 
measurements are traceable to national and/or international standards of measurement. The 
system is approved only for the arrangements and operating conditions included in its record 
of performance. 

A major requirement for a converting device, transmission system(s) and measuring 
instrument(s) used in a measuring system is stability within their specified range of operating 
conditions so that the scale factor of the measuring system remains constant over long 
periods. 

The assigned scale factor is determined in the performance test.  

Test facilities shall use the tests given in this standard to qualify their measuring systems. 
Alternatively, any user may choose to have the performance tests made by a National 
Metrology Institute or by a calibration laboratory accredited for the quantity to be calibrated. 

Any calibration shall be traceable to national and/or international standards. It is the 
responsibility of the user to ensure that all calibrations are performed by competent personnel 
using reference measuring systems and suitable procedures. 

NOTE Calibrations performed by a laboratory accredited according to ISO/IEC 17025 for the quantities calibrated 
and reported under the accreditation, are considered traceable to national and/or international standards of 
measurement. 

4.2 Schedule of performance tests 

To maintain the quality of a measuring system, its assigned scale factor(s) shall be 
determined by the periodic performance tests according to  5.2. The interval between 
performance tests shall be based on evaluation of past stability of the measuring system. It is 
recommended that the performance test should be repeated annually and in any case it shall 
be repeated at least once every five years. 

NOTE Long intervals between performance tests can increase the risk of an undetected change in the measuring 
system. 

A performance test shall be made after major repairs to the measuring system and whenever 
a circuit arrangement that is beyond the limits given in the record of performance is to be 
used. 

When a performance test is required because a performance check shows that the assigned 
scale factor is no longer valid, the cause of this change shall be investigated before the 
performance test is made. 

4.3 Schedule of performance checks 

Performance checks shall be made at intervals based on the recorded stability of the 
measuring system as shown in its record of performance. The interval from the last 
performance test or the last performance check should not be longer than one year. 
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For a new or repaired measuring system, performance checks shall be made at short intervals 
to demonstrate its stability. 

No reference method is identified for the performance checks because the required accuracy 
is less than that required for performance tests. 

4.4 Requirements for the record of performance 

4.4.1 Contents of the record of performance 

The results of all tests and checks, including the conditions under which the results were 
obtained, shall be kept in the record of performance (stored in paper format or electronically if 
permitted by quality systems and local laws) established and maintained by the user. The 
record of performance shall uniquely identify the components of the measuring system and 
shall be structured so that performance of the measuring system can be traced over time. 

The record of performance shall comprise at least the following information: 

• general description of the measuring system; 

• results of type and routine tests on the converting device, transmission system(s) and 
measuring instrument(s), and, if performed, on the complete measuring system; 

• results of subsequent performance tests on the measuring system; 

• results of subsequent performance checks on the measuring system. 

NOTE The general description of the measuring system usually comprises main data and capabilities of the 
measuring system, such as rated current, waveform(s), range(s) of clearances, operating time, or maximum rate of 
current applications. For many measuring systems, information on the transmission system as well as on the 
ground return and earthing arrangements is fundamentally important. If needed, a description of the components of 
the measuring system should be given, including, for example, the type and identification of the measuring 
instrument. 

4.4.2 Exceptions 

In the case of measuring systems or components manufactured before the date of issue of 
this standard, the required evidence may not be available for some of the type and routine 
tests (for example,  5.7 and  5.13). Then, the performance tests (in accordance with  6.4.4, 
 7.4.4,  8.4.4,  9.4.4 or  10.4.4 as relevant) and checks made in accordance with earlier 
standards are deemed adequate, provided they show the scale factor is stable. The results of 
these previous checks shall also be entered in the record of performance. 

Measuring systems comprising several pieces of equipment used interchangeably, may be 
covered by a single record of performance including all the combinations possible with the 
least amount of duplication possible. Specifically, each converting device shall be covered 
individually, but transmission systems and measuring instruments may be covered 
generically. 

4.5 Operating conditions 

The current-converting shunt and/or current transformer of a current measuring system shall 
be connected in series with the test object. The connections should be of the lowest 
practicable impedance. 

The Rogowski coil of a current measuring system shall be situated concentric around a 
straight part of the current-carrying conductor. The axes of the current conductor and the 
plane of the coil should be perpendicular in order to minimize sensitivity of the system to 
external magnetic fields. 

NOTE 1 The direction of a current-carrying conductor often shows a 90º angle at a certain distance from the 
Rogowski coil. It has been shown that for the Rogowski coil situated at a distance of more than 2 times the coil 
radius from the 90º angle, the influence is negligible. 
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NOTE 2 Parasitic coupling may need to be investigated. 

A measuring system shall have uncertainty low enough for its intended operating conditions. 

The assigned operating time of measuring systems for direct and alternating current shall be 
specified. 

NOTE 3 The recommended minimum value for the assigned operating time is 1 h. 

The assigned rate of application of short-time current or impulse currents shall be specified. 

NOTE 4 The recommended minimum value for the maximum rate of application is two per minute. 

The range of environmental conditions under which the measuring system fulfils the 
requirements of this standard shall be stated. 

4.6 Uncertainty 

The uncertainty of all measurements made under this standard shall be evaluated according 
to ISO/IEC Guide 98-3. 

Procedures for evaluating uncertainties have been selected from ISO/IEC Guide 98-3 and 
presented in this standard. These are considered sufficient for the instrumentation and 
measurement arrangements commonly used in high-current testing: however, users may 
select other appropriate procedures from ISO/IEC Guide 98-3, as they are given in  Annex A 
and  Annex B. 

In general, the measurand is the scale factor of the measuring system, but in some cases, 
other quantities, such as the time parameters of high-current impulses and their associated 
errors, should be considered. 

NOTE 1 Other measurands for specific converting devices are in common use. For example, a current-converting 
shunt is characterized by the resistance and its uncertainties in the ranges used. A current transformer is 
characterized by the ratio error, the phase displacement, and the corresponding uncertainties. 

According to ISO/IEC Guide 98-3, the uncertainty of a measurand is determined by combining 
the uncertainty contributions of type A and type B (see  Annex A). The contributions are 
obtained from measurement results, from manufacturer’s handbooks, calibration certificates, 
and from estimating reasonable values of the influence quantities during the measurement. 
Such influence quantities can include for example temperature effects, interference (effect of 
nearby current paths), etc. 

NOTE 2 The resolution of a measuring instrument, e.g. one with few significant digits, may in some cases be a 
significant source of uncertainty. 

During an actual current test in the test laboratory, it is usually necessary to consider 
additional influence quantities, apart from the calibration uncertainty of the scale factor as 
stated in the calibration certificate, in order to obtain the uncertainty of a measurement of the 
test current. 

Guidance on determining uncertainty contributions that need to be considered and on their 
combination is given in Clause  5,  Annex A, and  Annex B. The uncertainty shall be given as 
the expanded uncertainty for a coverage probability of approximately 95 % corresponding in 
most cases to a coverage factor k = 2 under the assumption of a normal distribution. 

NOTE 3 In this standard, the uncertainties of the scale factor and of current measurements ( 5.2 to  5.10) are 
expressed by the relative uncertainties instead of the absolute uncertainty normally considered in ISO/IEC Guide 
98-3. The direct application of the GUM and consideration of the absolute uncertainties are shown in  5.11 for time 
parameters and in  Annex A and  Annex B. 
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5 Tests and test requirements for an approved measuring system 

5.1 General requirements 

The assigned scale factor of the measuring system is determined by calibration according to 
the specified performance test. The assigned scale factor is a single value for a certain range 
of currents, the assigned measurement range. If necessary, several assigned measurement 
ranges with different scale factors can be defined. 

In the case of impulse measuring systems and short-time a.c. and short-time d.c. measuring 
systems, the performance test also shows that the dynamic performance of the system is 
adequate for the specified measurements and that the level of any interference is less than 
the specified limits. 

In high-current tests, the size of the apparatus, the levels of current used, and the interaction 
between the test and measuring circuits often make it preferable to perform calibrations at the 
test facility of the user. 

However, measuring systems or their components may be transported to another laboratory 
for calibration in an arrangement that simulates the operating conditions, provided that the 
interference test, if specified, is performed in the test facility of the user. The simulated 
arrangement shall represent the operating conditions and shall be described in the record of 
performance. 

If a converting device (and/or other component of the measuring system) is sensitive to the 
presence of nearby current paths, the range of clearances where the assigned scale factor is 
valid determined and given in the record of performance. One or more ranges of clearances 
and respective scale factors can be assigned. In the case where the clearance is fixed, the 
proximity effect is covered by the calibration. 

The scale factor(s) of a measuring system shall be determined in each assigned 
measurement range, preferably by comparison with a reference measuring system. However, 
as reference measuring systems are not always available at higher currents, calibration by 
comparison may be made at currents as low as 5 % of the assigned measurement range, 
provided that the linearity has been proved from this point up to the limit of the assigned 
measurement range. One of the linearity test methods given in  5.3 shall be used for this 
extension. 

All equipment used in establishing the scale factors of measuring systems shall have 
calibrations traceable to national and/or international measurement standards. 

NOTE Calibrations performed by a National Metrology Institute, or by a laboratory accredited for the quantities 
calibrated and reported under the accreditation, are considered traceable to national and/or international 
standards. 

Conditions significant for the result of the calibration of the approved measuring system shall 
be included in the record of performance.  

5.2 Calibration – Determination of the scale factor 

5.2.1 Calibration of a measuring system by comparison with a reference measuring 
system (preferred method) 

5.2.1.1 Comparison measurement 

Scale factor(s) is (are) determined for a complete measuring system by comparison with a 
reference measuring system. 
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The input current used for calibration should be of the same type, frequency, or waveform as 
currents to be measured. If this condition is not fulfilled, the related uncertainty contributions 
shall be considered. 

For the comparison, a reference measuring system, traceable to a National Metrology 
Institute, shall be connected in series with the measuring system to be calibrated. Care shall 
be taken to avoid those ground loops between the converting device and measuring 
instrument(s) that produce unacceptable interference. Simultaneous readings shall be taken 
on both systems. The value of the input quantity obtained for each measurement by the 
reference measuring system is divided by the corresponding reading of the instrument in the 
system under test to obtain a value Fi,g of its scale factor at one current level Ig. The 
procedure is repeated to obtain n independent readings. The arithmetic mean (average) value 

gF of the scale factor of the system under calibration at one current level Ig is given by: 
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and the type A relative standard uncertainty ug of the mean value gF is given by: 

n
s

u g
g =  

NOTE 1 Usually no more than n = 10 readings are necessary. If less than 10 readings are taken, evaluation 
should be in accordance with  Annex A. 

NOTE 2 For measurement of direct and alternating currents, independent readings may be obtained either by 
applying the test current and taking n readings or by applying the test current n times and taking a reading each 
time. For impulses and short-time currents, n high-current events are applied. 

A measuring system with several assigned measurement ranges shall be calibrated for each 
range to determine its scale factor. Measuring systems with secondary attenuators may be 
calibrated on one setting only, provided that the load at the output of the converting device 
can be shown to be constant for all settings by other tests. In such cases, the full range of 
settings of the secondary attenuators shall be calibrated separately. 

The scale factor shall be determined over each assigned measurement range by one of the 
following two methods. 

5.2.1.2 Comparison over the full assigned measurement range 

This test includes both the determination of assigned scale factor and determination of 
linearity. The scale factor determination shall be done by comparison with a reference 
measuring system according to  5.2.1.1 at the minimum and maximum levels of the assigned 
measurement range and at least at three approximately equally spaced intermediate levels 
(see Figure 2). The assigned scale factor F is taken as the mean value of all scale factors gF  
recorded at h current levels. 
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where the number of current levels h ≥5. 

The standard uncertainty uF of the determination of the assigned scale factor F is given by the 
combination of a type B contribution uB1 of non-linearity of the mean values gF and a type B 
contribution uB2 based on the maximum of the type A standard uncertainties of the recorded 
scale factors gF : 

( )
2

g
1g

2

g

1g

2
2B

2
1B max1max

3
1

⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛
−=+=

==
u

F
F

uuu
hh

F
 

NOTE 1 The h determinations of scale factor 
gF do not constitute a statistical ensemble since they have not been 

obtained under the same conditions, especially concerning the current level. It is therefore not possible to obtain 
the uncertainty of the assigned scale factor with statistical methods (i.e. type A). Instead, an estimation type B has 
to be carried out, and is here based on two contributions. The spread of 

gF  observed over the current levels, is 

characterized by the maximum deviation from the mean, and evaluated as a rectangular probability distribution. 
The statistical spreads of type A in the determinations of the individual 

gF results, at each current level are taken 

into account by using the maximum value of the individual ug values, and evaluated as a normal distribution (See 
Figure 3). 

NOTE 2 A rounded value Fo may be taken as the assigned scale factor F if the difference between Fo and F is 
introduced as an uncertainty contribution of type B in the estimate of the expanded uncertainty of the scale factor 
Fo. 

 

Figure 2 – Calibration by comparison over full assigned measurement range 
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Figure 3 – Uncertainty contributions of the calibration 
(example with the minimum of 5 current levels) 

5.2.1.3 Comparison over limited current range 

In cases where the assigned measurement range exceeds the capability of the available 
reference measuring system, the assigned scale factor shall be determined by comparison 
according to  5.2.1.1 up to the maximum current of the reference measuring system. The 
comparison shall, in any case, be carried out at a current that is not lower than 5 % of the 
upper limit of the assigned measurement range (see Figure 4). 

The comparison shall be supplemented by a linearity test in accordance with  5.3. The 
uncertainty contribution related to linearity shall be considered in the calculation of 
measurement uncertainty when using the measuring system, see  5.10.3. 

The comparison with the reference measuring system is carried out at a ≥2 current levels, 
where the highest current level is equal to the maximum current of the reference measuring 
system. The necessary linearity test is carried out at b current levels with one level equal to 
the maximum level of the comparison calibration (see  5.3). The current levels shall further be 
chosen such that they comprise at least the minimum and the maximum levels of the assigned 
measurement range, and that: 
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≥+
≥
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where the linearity measurements b are considered in  5.3. 

The assigned scale factor, F, is taken as the mean value of the scale factors gF  recorded via 
comparison with the reference measuring system according to  5.2.1: 
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The standard uncertainty uF for the determination of the assigned scale factor F (calibration 
values) is given by the combination of the type B contributions of non-linearity of F and the 
type B contribution based on the maximum of the type A standard uncertainty of the recorded 
scale factors gF : 
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NOTE A rounded value Fo may be taken as the assigned scale factor if the difference between Fo and gF  is 
introduced as an uncertainty contribution of type B in the estimate of the expanded uncertainty of the scale factor 
Fo. 

 

Figure 4 – Calibration by comparison over a limited current range with a 
linearity test (see  5.3) providing extension up to the largest value in the 

assigned measurement range 

5.2.2 Determination of the scale factor of a measuring system from those of its 
components 

The assigned scale factor of the measuring system shall be determined as the product of the 
scale factors of its converting device, its transmission system, any secondary attenuator, and 
its measuring instrument. Separate tests are not required for transmission systems that 
consist only of cables. 

The scale factor of a measuring instrument is determined according to the relevant IEC 
standard (see Clause  2) or by performing calibrations to prove traceability for the quantity to 
be measured by the instrument. 

NOTE 1 The accuracy class stated for analogue instruments in accordance with IEC 60051-2, is related to the 
fiducial value, i.e. it is an uncertainty stated as a percentage of the upper limit of the measuring range of the 
instrument. At lower deflections the relative error will be correspondingly larger.  

The determination of the scale factor of a component may be made by one of the following 
methods: 

• simultaneous measurements of its input and output quantities; 

• by comparison with a reference component (e.g. a current-converting shunt with a 
reference current-converting shunt); 

• a bridge method; 

• calculation based on measured impedances; 

• from steady-state portion of its step-response (see  Annex C), where the dynamic 
performance for the scale factor thus obtained can be investigated using convolution 
techniques ( Annex D). 

NOTE 2 Care should be taken to ensure that the appropriate "stray" coupling and the mutual influence of the 
components are considered when performing the measurement. 
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The scale factor of a current-converting shunt may be determined by d.c. measurements, 
provided that the dynamic behaviour has been determined separately. 

An estimation of relevant type A and type B contributions to uncertainty (see also  5.3 to  5.9) 
shall be made, for each component of the measuring system, and the combined uncertainty 
valid for each component is determined according to  5.10, taking into account the uncertainty 
contributions of the of the measuring devices used for the calibrations.  

NOTE 3 Estimation of contributions to uncertainty in the component calibration method requires analysis of each 
component over the full range of conditions – current, temperature, effect of nearby current paths, etc. – that may 
influence the result. This analysis is complex and requires deep understanding of the measurement process. 

The expanded uncertainty of the current measurement, using the measuring system, shall be 
obtained by combining these combined uncertainties of the components according to the 
provisions of ISO/IEC Guide 98-3. See also  Annex A and  Annex B 

Further tests related to estimation of uncertainty shall be made on converting device, 
transmission system(s) (other than cables) and measuring instrument(s) in accordance with 
all the tests described in  5.3 to  5.9. 

Estimation of uncertainty of time parameter measurement shall be made applying the 
provisions of  5.11 and the same principles as for measurement of the value of the test 
current. 

5.3 Linearity test 

5.3.1 Application 

The linearity test is only intended to provide an extension of the validity of the assigned scale 
factor from the maximum current at which a calibration according to  5.2.1.3 has been carried 
out, up to the upper limit of the assigned measurement range, usually equal to the rated 
current of the measuring system (see Figure 4). 

Some types of converting devices show in principle no change in linearity behaviour over the 
lifetime of the device, e.g. a shunt. For such devices the first linearity test shall be made, but 
subsequent linearity tests may be replaced by advancing scientific arguments proving that the 
linearity is not affected by foreseeable processes in the device. 

The output of the measuring system shall be compared with the output of a comparison 
device or system that has proven its linearity or can be shown – at least through its principle 
and theory (such as e.g. Rogowski coil) – to be linear over the full assigned measurement 
range of the system under the linearity test. Failure to prove the linearity using such method 
does not necessarily mean the measuring system is non-linear. In this case another method 
suitable for the linearity test shall be chosen. 

The ratio R between the corresponding readings of the measuring system and the comparison 
device or system, shall be established as described in  5.2.1.1 for b current levels Ig ranging 
from the upper limit of the assigned measurement range down to a current at which the scale 
factor has been determined. 

Evaluation of linearity is based on the maximum deviation of the ratios Ri,g from their mean 

gR , where Ri,g are the individual ratios of the measured current to the corresponding input 
current of the comparison device. The maximum deviation is taken as a type B estimate of the 
relative standard uncertainty ulin related to non-linearity of the scale factor in the extended 
current range higher than the maximum current at which calibration has been carried out: 
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Figure 5 – Linearity test of the measuring system 
with a linear device in the extended voltage range 

5.3.2 Alternative methods in order of suitability 

5.3.2.1 Comparison with an approved measuring system 

The output of the measuring system shall be checked against the output of an approved 
measuring system according to the procedure described in  5.3.1. 

The linearity of the approved measuring system shall preferably have been established by 
calibration in accordance with  5.2.1. 

5.3.2.2 Estimation of temperature rise of current-converting shunt 

The impulse current, or the short-time current, carried by a current-converting shunt, raises 
the temperature of its resistance element and this can alter its scale factor significantly. The 
extent of this effect on the linearity and its dependence on current can be established by 
calculation based on the temperature coefficient of the resistance element (see  Annex F). 

5.3.2.3 Comparison with Rogowski coil 

The output from a rigid Rogowski coil in a fixed position is in principle linear and can be used 
for the linearity test according to the procedure described in  5.3.1. 

5.4 Dynamic behaviour 

The dynamic behaviour of the scale factor of the measuring system or a component may be 
affected by various influence quantities depending on the type of current to be measured and 
the measurement conditions. Further requirements are given in the specific clauses for the 
relevant current. A type B estimate of the scale-factor relative standard uncertainty udyn 
related to the dynamic behaviour is given by: 
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where 
k is the number of scale-factor determinations within a range of impulse parameters or a 

frequency range; 
Fi is the individual scale factors; 
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F  is the mean (average) scale factor within a range of impulse-time parameters or a 
frequency range. 

Some types of converting devices show, in principle, no change in dynamic behaviour over 
their lifetime. For such devices the first dynamic performance test must be made, but 
subsequent dynamic performance tests may be replaced by advancing scientific arguments 
proving that dynamic performance is not affected by foreseeable processes in the device. 

5.5 Short-term stability 

5.5.1 Method 

The short term stability test is intended to cover the effects of self-heating of the converting 
device.  

A current equal to the maximum current of the assigned measurement range shall be applied 
to the converting device continuously (or in the case of impulses, at the assigned rate of 
application) for a period appropriate to the anticipated use. 

NOTE The period of current application need not be longer than the assigned operating time, but can be limited to 
a time sufficient to reach thermal equilibrium. 

The scale factor shall be measured at the beginning and at the end of the applied current or,  
in the case of a series of impulses, at the end of a series of impulses. The measurement of 
the scale factor can be made either by comparison with another approved measuring system 
or by other suitable methods. If other methods are chosen, the scale factor may be 
determined with the converting device dismounted from the test circuit. In this case, the 
measurement shall be carried out as soon as possible after the application of the current or 
the series of impulses so that the scale factor does not change appreciably. The 
recommended maximum time is 20 min. 

The result of the test is an estimate of a change of the scale factor, from which the relative 
standard uncertainty contribution ust is obtained as a type B estimate: 

1
3
1

before

after
st −×=

F
Fu  

where Fbefore and Fafter are the scale factors before and after the short-term stability test 
respectively. 

5.5.2 Steady-state current 

The scale factor shall be measured before or at the start of the application of the current. The 
rated current shall be applied to the converting device continuously until thermal stability is 
reached. The scale factor shall then be measured immediately after (or at the end of) the 
application of the current (see Figure 6).  

In certain cases some time has to be permitted for reconnection of the converting device. This 
time should not be more than 20 % of the thermal time constant of the converting device, and 
shall in any case not be longer than 20 min.  

As an alternative method, the temperature of the resistive element of the shunt can be 
measured during the test. The scale factor relevant to conditions after the test can then either 
be determined directly by measurement under artificial heating of the shunt, or by recording 
the scale factor during the cooling process and extrapolation of the curve back to the last 
instant of current application. 

BS EN 62475:2010

Full document details: BS EN 62475:2010

http://www.avadocuments.com/doc/bs-en-62475-2010
http://www.avadocuments.com/doc/bs-en-62475-2010


 – 28 – 62475 © IEC:2010 

Measurement of scale factor by 
comparison with approved system

Current

Time

Temperature

Measurement of scale factor by other methods

Max. 20 min

 

Figure 6 – Short-term stability test for steady-state current 

5.5.3 Impulse current and short-time current 

The scale factor shall be measured before or at the start of the application of the current and 
immediately after or at the end of the application of the current. The rated current shall be 
applied to the converting device (see Figure 7). 

In addition, the scale factor shall be just measured before or at the intended next application 
of an impulse, to prove that the current-free time has been long enough for the scale factor to 
return to the original value. 

NOTE In the case of a short-time d.c./a.c. current, the scale factor evaluated before and after a single current 
application may be a proper measure of the short-term stability. 

 

Figure 7 – Short-term stability test for impulse current and short-time current 

5.5.4 Periodic impulse current and periodic short-time current 

The scale factor shall be measured before or at the start of the application of a series of 
impulses/short-time currents and immediately after or at the end of the application of a series 
of impulses/short-time currents (see Figure 8). The rated current shall be applied to the 
converting device. 

In addition, the scale factor shall be measured just before or at the intended start of a new 
series of impulses, to prove that the current-free time has been long enough for the scale 
factor to return to the original value. 
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Figure 8 – Short-term stability test for periodic impulse-current 
and periodic short-time current 

5.6 Long-term stability 

The stability of the scale factor shall be considered and evaluated for a long span of time, and 
is generally estimated as an uncertainty contribution valid for a projected time of use Tuse 
until the next calibration. The evaluation can be based on manufacturer’s data or on results of 
a series of performance tests. The result of the evaluation is an estimate of a change of the 
scale factor from which the relative standard uncertainty contribution ult is obtained as a 
type B estimate: 
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where F1 and F2 are the scale factors at two subsequent performance tests made at times T1 
and T2. 

In cases where a number of performance test results are available, the long-term stability can 
be characterized by the type A contribution: 
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where Fi are the scale factors determined at performance tests repeated at a mean time 
interval of Tinterval. The mean value of the scale factors Fi is iF . 

5.7 Ambient temperature effect 

The variations of the scale factor or a parameter (for example, the resistance or the 
transformer ratio error) of a device due to changes of the ambient temperature can be 
determined by computation using the temperature coefficients of single elements (see for 
example  Annex F) or by making measurements on the single elements at different 
temperatures. 

The influence of ambient temperature can also be quantified by determination of the scale 
factor at different ambient temperatures. 

The data and calculations shall be reported in the record of performance; they may be taken 
from manufacturer's data. 
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The result of the test (or calculation) is an estimate of a change of the scale factor due to 
ambient temperature. From this, the relative standard uncertainty contribution utemp is 
obtained as a type B estimate: 

1max
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where 
FTi  is the scale factor at a particular temperature Ti; 
Fcal  is the scale factor at the temperature during the calibration. 

NOTE Self-heating effect is covered by the short-term stability test. 

Temperature correction factors may be used in cases where the ambient temperature varies 
over a wide range. Any temperature corrections to be used shall be listed in the record of 
performance. 

In cases where temperature correction has been applied, the uncertainty contribution utemp 
shall be taken as the uncertainty of the temperature correction factor. 

5.8 Effect of nearby current paths 

Influence on current measurements, i.e. interference due to mutual-inductance effects of 
nearby high-current path(s), such as found for instance in three-phase test circuits, can be 
determined by measurements performed for representative distances of the current-converting 
device from possibly interfering circuit(s). Grounding/earthing should be the same as in the 
normal test situation. 

The test is performed with no current in the converting device under test and a suitable 
current in the nearby circuit, whereas readings are taken from both measuring system under 
test and the nearby current circuit (see Figure 9 and Figure 10). 

The result of the test is an estimate of the influence on the measurement, from which the 
relative standard uncertainty contribution uprox is obtained as a type B estimate: 
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where 

iprox is the reading of the (interference) current of the measuring system under test; 
inearby is the current applied to the nearby conductor. 

In case of multiple-phase test circuits, it is assumed that the current carried by the nearby 
conductor(s) for the purpose of  5.8 is approximately equal to the current applied to the 
converting device of the investigated measuring system in a real high-current test. Different 
values for the standard uncertainty contribution uprox may be obtained for different ranges of 
distances. 

NOTE 1 Some test facilities may choose to approve their measuring systems for only a single set of distances, or 
for a few sets or ranges of distances. 

NOTE 2 The test of the effect of nearby current paths on the converting device should be performed once for 
each set-up, or range of set-ups. 
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