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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  

 
Part 101: Synthetic testing 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62271-101 has been prepared by subcommittee 17A: Switching 
devices, of IEC technical committee 17: High-voltage switchgear and controlgear. 

This third edition cancels and replaces the second edition published in 2012 and 
Amendment 1:2017. This edition constitutes a technical revision. 

This edition includes the following significant technical changes with respect to the second 
edition: 

a) alignment with the third edition of IEC 62271-100:2021; 
b) update this document with the last methods and techniques used for synthetic tests; 
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The text of this document is based on the following documents: 

FDIS Report on voting 

17A/1312/FDIS 17A/1315/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

This publication shall be read in conjunction with IEC 62271-100:2021, to which it refers. The 
numbering of the subclauses of Clause 7 is the same as in IEC 62271‑100. However, not all 
subclauses of IEC 62271-100 are addressed; merely those where synthetic testing has 
introduced changes. 

A list of all the parts in the IEC 62271 series, under the general title High-voltage switchgear 
and controlgear, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

The contents of the corrigendum of October 2021 have been included in this copy. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates that it 
contains colours which are considered to be useful for the correct understanding of its 
contents. Users should therefore print this document using a colour printer. 
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  
 

Part 101: Synthetic testing 
 
 
 

1 Scope 

This part of IEC 62271 mainly applies to AC circuit-breakers within the scope of IEC 62271-100. 
It provides the general rules for testing AC circuit-breakers, for making and breaking capacities 
over the range of test duties described in 7.102 to 7.111 of IEC 62271-100:2021, by synthetic 
methods. 

It has been proven that synthetic testing is an economical and technically correct way to test 
high-voltage AC circuit-breakers according to the requirements of IEC 62271-100 and that it is 
equivalent to direct testing. 

The methods and techniques described are those in general use. The purpose of this document 
is to establish criteria for synthetic testing and for the proper evaluation of results. Such criteria 
will establish the validity of the test method without imposing restraints on innovation of test 
circuitry. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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. 

IEC 62271-100:2021, High-voltage switchgear and controlgear – Part 100: Alternating-current 
circuit-breakers 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 62271-100 and the 
following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
direct test 
test in which the applied voltage, the current and the transient and power-frequency recovery 
voltages are all obtained from a circuit having a single-power source, which can be a power 
system or special alternators as used in short-circuit testing stations or a combination of both 

3.2  
synthetic test 
test in which all of the current, or a major portion of it, is obtained from one source (current 
circuit), and in which the applied voltage and/or the recovery voltages (transient and power 
frequency) are obtained wholly or in part from one or more separate sources (voltage circuits) 
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3.3  
auxiliary circuit-breaker 
circuit-breaker forming part of a synthetic test circuit used to put the test circuit-breaker into the 
required relation with various circuits 

3.4  
current circuit 
part of the synthetic test circuit from which all or the major part of the power-frequency current 
is obtained 

3.5  
voltage circuit 
part of the synthetic test circuit from which all or the major part of the applied voltage and/or 
recovery voltage is obtained 

3.6  
prospective current 
current that would flow in the circuit if each pole of the test and auxiliary circuit-breakers were 
replaced by a conductor of negligible impedance 

Note 1 to entry: Compared with IEC 60050-441:2000, 441-17-01, the domain between brackets has been deleted. 
In the definition. The words "the switching device or the fuse" have been replaced by "the test and auxiliary circuit-
breakers", and the Note to entry has been deleted. 

3.7  
actual current 
current through the test circuit-breaker 

Note 1 to entry: The actual current is a prospective current modified by the arc voltage of the test and auxiliary 
circuit-breakers. 

3.8  
post-arc current 
current which flows through the arc gap of a circuit-breaker after the arc voltage have reached 
zero and the transient recovery voltage begins to rise 

3.9  
current injection method 
synthetic test method in which the voltage circuit is applied to the test circuit-breaker before 
power-frequency current zero 

3.10  
initial transient making current 
ITMC 
transient current which flows through the circuit-breaker at the moment of voltage breakdown 
prior to the initiation of current from the current circuit during making 

3.11  
injected current 
current supplied by the voltage circuit of a current injection circuit when it is connected to the 
circuit-breaker under test 

3.12  
voltage injection method 
synthetic test method in which the voltage circuit is applied to the test circuit-breaker after 
power-frequency current zero 
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3.13  
reference system conditions 
conditions of an electrical system having the parameters from which the rated and test values 
of IEC 62271-100 are derived 

3.14  
time delay of making device 
tm 
time interval, during synthetic making test, between the instant of breakdown of the applied 
voltage and the initiation of current from the current circuit 

3.15  
pre-strike 
voltage breakdown between the contacts during a making operation which initiates current flow 

3.16  
intermediate asymmetry 
level of asymmetry in the other two phases having a reduced (intermediate) level of asymmetry 
when in a three-phase system the short-circuit current is initiated simultaneously in all phases 
and maximum asymmetry is obtained in one of the phases 

3.17  
rate-of-decay of dielectric strength 
RDDS 
voltage withstand reduction between the contacts as a function of time or contact gap during 
closing 

[SOURCE: IEC TR 62271-302:2010, 3.7.5, modified – The words "between the contacts" have 
been added after "reduction" and "of a circuit-breaker" have been deleted at the end.] 

4 Synthetic testing techniques and methods for short-circuit breaking tests 

4.1 Basic principles and general requirements for synthetic breaking test methods 

4.1.1 General 

Any particular synthetic method chosen for testing shall adequately stress the test circuit-
breaker. Generally, the adequacy is established when the test method meets the requirements 
set forth in the following paragraphs and subclauses of 4.1, 4.2 and 4.3. 

A circuit-breaker has two basic positions: closed and open. In the closed position a circuit-
breaker conducts full current with negligible voltage drop across its contacts. In the open 
position it conducts negligible current but with full voltage across the contacts. This defines the 
two main stresses, the current stress and the voltage stress, which are separated in time. 

If closer attention is paid to the voltage and current stresses during the interrupting process 
(Figure 1), three main intervals can be recognized. 

– High-current interval 
The high-current interval is the time from contact separation to the start of the significant 
change in arc voltage. The high-current interval precedes the interaction and high-voltage 
intervals. 

– Interaction interval 
The interaction interval is the time from the start of the significant change in arc voltage 
prior to current zero to the time when the current including the post-arc current, if any, 
ceases to flow through the test circuit-breaker (see also 14.2.4 of IEC TR 62271-
306:2012/AMD1:2018). 
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