
 
  

IEEE Standard Test Procedures for  
AC High-Voltage Circuit Breakers  
with Rated Maximum Voltage  
Above 1000 V  

 
Sponsored by the  
Switchgear Committee  

 
IEEE 
3 Park Avenue  
New York, NY 10016-5997 
USA 
 

IEEE Power and Energy Society 

IEEE Std C37.09™-2018 
(Revision of  

IEEE Std C37.09-1999) 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:02:37 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.09-2018

http://www.avadocuments.com/doc/ieee-c37-09-2018
http://www.avadocuments.com/doc/ieee-c37-09-2018


IEEE Std C37.09™-2018 
(Revision of  

IEEE Std C37.09-1999) 

IEEE Standard Test Procedures for  
AC High-Voltage Circuit Breakers  
with Rated Maximum Voltage  
Above 1000 V 

Sponsor 
 
Switchgear Committee 
of the 
IEEE Power and Energy Society 
 
 
Approved 5 December 2018 
 
IEEE-SA Standards Board 
 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:02:37 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.09-2018

http://www.avadocuments.com/doc/ieee-c37-09-2018
http://www.avadocuments.com/doc/ieee-c37-09-2018


 

Abstract: The testing procedures for all high-voltage circuit breakers that include voltage ratings 
above 1000 V ac and comprise both indoor and outdoor types having the preferred ratings as listed 
in IEEE Std C37.04™ are covered. Typical circuit breakers covered by these standards have 
maximum voltage ratings from 4.76 kV through 800 kV, and continuous current ratings of 600 A 
through 5000 A associated with the various maximum voltage ratings. The test procedures verify 
all assigned ratings, including continuous current, dielectric withstand voltages, short-circuit 
current, transient recovery voltage, and capacitor switching, plus associated capabilities such as 
mechanical endurance, load current, and out-of-phase switching. Production test procedures are 
also included. This standard does not cover generator circuit breakers as these are covered in 
IEC/IEEE 62271-37-013. 
 
Keywords: arcing time, direct test, IEEE C37.09™, mechanical endurance, operating duty, power 
frequency, short-circuit current, short-line fault, single-phase testing, synthetic test, test data 
reporting, three-phase testing, transient recovery voltage, unit test 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices 
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading 
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on 
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html. 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus 
development process, approved by the American National Standards Institute (“ANSI”), which brings 
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards 
are documents developed through scientific, academic, and industry-based technical working groups. 
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without 
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in 
the consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of 
any of the information or the soundness of any judgments contained in its standards. 

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, 
environmental, health, and interference protection practices and all applicable laws and regulations. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document 
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a 
particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of 
material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE 
standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard. 

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE 
standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR 
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON 
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 
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Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 

Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE. 

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards 
Coordinating Committees are not able to provide an instant response to comments or questions except in 
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to 
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome 
to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the 
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 
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Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy 
portions of any individual standard for company or organizational internal use or individual, non-commercial 
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer 
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy 
portions of any individual standard for educational classroom use can also be obtained through the Copyright 
Clearance Center. 

Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years 
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of 
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that 
they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://ieeexplore.ieee.org/ or 
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards 
development process, visit the IEEE-SA Website at http://standards.ieee.org. 

Errata  

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search 
for standard number and year of approval to access the web page of the published standard. Errata links are 
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: 
https://ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for 
errata. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or 
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their 
own responsibility. Further information may be obtained from the IEEE Standards Association. 
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Introduction 

This introduction is not part of IEEE Std C37.09-2018, IEEE Standard Test Procedures for AC High-Voltage Circuit 
Breakers with Rated Maximum Voltage Above 1000 V. 

This standard is a major revision of IEEE Std C37.09™-1999 [B23]1 that includes  
IEEE Std C37.09a™-2005 [B25] and IEEE Std C37.09b™-2010 [B26]. This standard is coordinated with  
IEEE Std C37.017™ and with the revisions to IEEE Std C37.04™ (in progress)2 that incorporate 
amendments IEEE Std C37.04a™-2003 [B20] and IEEE Std C37.04b™-2008 [B21], rating information 
previously in IEEE Std C37.06™-2009 [B22], and information previously in NEMA SG4-2009 [B37]. In 
addition, the requirements have been, when appropriate, harmonized with the most recent IEC standards. 
Most of the figures are updated with improved quality. This revision is not intended to imply or require that 
any additional tests or retesting of existing ac high-voltage circuit breakers tested and qualified to the previous 
edition of this standard are necessary. 

For information and guidance, some clauses with substantive changes are listed as follows:  

 Interrupting time tests (4.7) 
 Demonstration of arcing times (4.8.2.3) 
 Single-phase or three-phase test duties for short-circuit current tests (Table 1) 
 Splitting of test duties (4.8.3.4) 
 Multipart testing (4.8.3.7) 
 Load current switching tests (4.9)  
 Capacitance current switching tests (4.10) 
 Out-of-phase switching current tests (4.12) 

Acknowledgments 

Grateful acknowledgment is made to International Electrotechnical Commission (IEC) for permission to 
reproduce Information from its International Standards. All such extracts are copyright of IEC Geneva, 
Switzerland. All rights reserved. Further information on the IEC is available from www.iec.ch. IEC has no 
responsibility for the placement and context in which the extracts and contents are reproduced by the author, 
nor is IEC in any way responsible for the other content or accuracy therein. 

Subclause 4.8.2.3 modified with permission from IEC 62271-100:2008/AMD2 ed 2.0. 

 

                                                 
1 The numbers in brackets correspond to those of the bibliography in Annex E. 
2 Information on references can be found in Clause 2. 

IEEE Std C37.09-2018 requires the use of a color monitor (and color printer)  
to view many of the graphics contained in this standard. 

Color is essential to the understanding of the graphics. 
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IEEE Standard Test Procedures for  
AC High-Voltage Circuit Breakers  
with Rated Maximum Voltage  
Above 1000 V 

1. Scope 

This standard applies to ac high-voltage circuit breakers with rated maximum voltage above 1000 V. It 
defines various tests that are made on ac high-voltage circuit breakers, except for generator circuit breakers, 
which are covered in IEC/IEEE 62271-37-013:2015 [B14]3 (formerly IEEE Std C37.013™-1997 [B29]). It 
specifies the tests and describes the accepted methods used to verify assigned ratings defined in IEEE Std 
C37.04™.4 It also describes the test procedures associated with production and field installation. 

The test procedures are divided into the following classifications: 

a) Design tests  
b) Production tests  
c) Conformance tests 
d) Field tests 

NOTE—Design tests are referred to as “Type” tests, and Production tests are referred to as “Routine” tests in IEC 
standards.5  

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

ASME Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels.6 

                                                 
3 The numbers in brackets correspond to those of the bibliography in Annex E. 
4 Information on references can be found in Clause 2. 
5 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 
6 ASME publications are available from the American Society of Mechanical Engineers (http://www.asme.org/). 
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IEC 60068-2-17, Basic Environmental Testing Procedures—Part 2: Tests—Test Q: Sealing.7  

IEC 62271-4, High-voltage Switchgear and Controlgear—Part 4: Handling Procedures for Sulfur 
Hexafluoride (SF6) and Its Mixtures. 

IEC 62271-100, High-Voltage Switchgear and Controlgear—Part 100: Alternating-Current Circuit Breakers. 

IEC 62271-101, High-voltage Switchgear and Controlgear—Part 101: Synthetic Testing. 

IEC 62271-110, High-voltage Switchgear and Controlgear—Part 110: Inductive Load Switching. 

IEC/IEEE 62271-37-082, High-Voltage Switchgear and Controlgear—Part 37-082: Standard Practice for the 
Measurement of Sound Pressure Levels on Alternating Current Circuit Breakers.8, 9 

IEEE Std 4™, IEEE Standard for High-Voltage Testing Techniques. 

IEEE Std C37.04™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers. 

IEEE Std C37.06.1™-2017, IEEE Recommended Practice for Preferred Ratings for High-Voltage  
(>1000 volts) AC Circuit Breakers Designated Definite Purpose for Fast Transient Recovery Voltage Rise 
Times. 

IEEE Std C37.012™, IEEE Guide for the Application of Capacitance Current Switching for AC High-
Voltage Circuit Breakers Above 1000 V. 

IEEE Std C37.017™, IEEE Standard for Bushings for High-Voltage [Over 1000V (AC)] Circuit Breakers 
and Gas-Insulated Switchgear. 

IEEE Std C37.20.2™, IEEE Standard for Metal-Clad Switchgear. 

IEEE Std C37.20.3™, IEEE Standard for Metal-Enclosed Interrupter Switchgear (1 kV–38 kV). 

IEEE Std C37.100.1™-2007, IEEE Standard of Common Requirements for High Voltage Power Switchgear 
Rated Above 1000 V. 

IEEE Std C57.13™, IEEE Standard Requirements for Instrument Transformers. 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary 
Online should be consulted for terms not defined in this clause.10 

These definitions are not intended to embrace all possible meanings of the terms. They are intended solely to 
establish the meaning of terms used in power switchgear. 

                                                 
7 IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch) and the American National 
Standards Institute (http://www.ansi.org/). 
8 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers, 
Incorporated. 
9 IEEE publications are available from the Institute of Electrical and Electronics Engineers (http://www.standardsieee.org/). 
10 IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org/. An IEEE Account is required for access to the dictionary, 
and one can be created at no charge on the dictionary sign-in page. 
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close–open time: Interval of time between the instant when the contacts touch in the first pole during a 
closing operation and the instant when the arcing contacts have separated in all poles during the subsequent 
opening operation. 

NOTE—Unless otherwise stated, it is assumed that the opening release incorporated in the circuit breaker is energized 
at the instant when the 52a contacts close in the trip circuit during the closing operation. This represents the minimum 
close–open time.  

interrupting window: Range of arcing times for which a circuit breaker or a pole of circuit breaker is 
required to interrupt. 

loop: Part of the wave of the current embraced by two successive current zero crossings. Note that a 
distinction is made between a major loop and a minor loop depending on the time interval between two 
successive current zero crossings being longer or shorter than the half-period of the alternating component 
of the current. 

minimum arcing time: Shortest interval of time between the instant of the initiation of an arc and the instant 
of arc extinction. 

minimum clearing time: Sum of the minimum opening time, minimum relay time (0.5 cycle), and the 
shortest arcing time of a minor loop interruption in the phase with intermediate asymmetry that starts with a 
minor loop at short-circuit current initiation. Note that this definition is applicable only for the determination 
of the test parameters during short-circuit breaking tests according to test duty T100a in a circuit with a time 
constant of 45 ms. 

minimum opening time: Shortest possible interval of time between the initiation of the opening command 
signal and the instant when the arcing contacts have separated in all poles under defined operating conditions. 

4. Design tests 

4.1 General 

The design tests described in this test procedure provide methods of demonstrating the capability of a circuit 
breaker to meet the ratings listed in IEEE Std C37.04. This revision is not intended to imply or require that 
any additional tests or retesting of existing ac high-voltage circuit breakers tested and qualified to the previous 
edition of this standard are necessary. 

4.2 Maximum voltage tests 

The ability of the circuit breaker to operate successfully at rated maximum voltage is demonstrated by 
performing short-circuit current interruption and other current switching rating tests in accordance with  
Table 1 and specified values of circuit transient recovery voltage (TRV), as given in IEEE Std C37.04. 

4.3 Power frequency tests 

The ability of a circuit breaker to operate successfully at rated power frequency is demonstrated by 
performing all tests at rated power frequency ±10% or when tests at either 50 Hz or 60 Hz are specifically 
allowed by the standards to qualify for both frequencies. 
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4.4 Continuous current-carrying tests 

4.4.1 General 

Continuous current-carrying tests demonstrate that the circuit breaker can carry its rated continuous current, 
at its rated power frequency, without exceeding any of the temperature limitations given in IEEE Std C37.04. 

4.4.2 Test conditions 

The following test conditions shall be met: 

a) The ambient temperature shall be between 10 °C and 40 °C, so that no correction factors need to 
be applied. 

b) If ambient air flow can affect the test results, the air velocity should be limited to no more than 
0.5 m/s. 

c) The circuit breaker shall be tested under all other usual service conditions (refer to IEEE Std 
C37.04), except as stated in item a). 

d) Enclosed circuit breakers shall be tested in their enclosures. 
e) Other accessories normally connected in series and closely associated with the circuit breaker, 

such as current transformers, primary disconnecting contacts, cell-mounted auxiliary switches, 
buses, and connectors, shall be mounted in their regular position. 

f) Circuit breakers normally equipped with current transformers shall be tested with transformers in 
place and connected to carry rated secondary current. 

g) Circuit breakers shall be in a new condition and properly adjusted according to the product 
specification provided by the manufacturer. 

h) Tests demonstrating current-carrying ability shall be made at rated power frequency except when 
tests are performed at 60 Hz; they shall then be considered to be valid for the same current rating 
with 50-Hz rated power frequency.  

i) Circuit breakers installed outdoors, which are normally installed in such a manner that other 
connected apparatus have no appreciable effect on the circuit breaker temperature, shall be tested 
with cables or buses of a size corresponding to the circuit breaker current rating connected to the 
circuit breaker terminals by means of typical terminal connectors of corresponding rating. External 
conductors connected to the test specimen for continuous current tests shall be such that no 
significant amount of heat is conducted away from or to the test object, compared with the 
connections intended to be used for service. The temperatures at the terminals of the main circuit 
and at the temporary connections at a distance of 1 m from the terminals shall be measured. The 
difference in temperature rise shall not exceed 5 K. The type and size of temporary connections 
shall be recorded in the test report. 

j) Circuit breakers for use in metal-enclosed or metal-clad switchgear shall be tested in a minimum 
volume enclosure or in the actual switchgear vertical section compartment. Connections to the 
switchgear shall be made in accordance with the appropriate switchgear standards. 

4.4.3 Test circuit breaker configurations 

The following test circuit breaker configurations shall be met: 

a) Three-phase circuit breakers shall be tested on a three-phase basis except when there is no 
possibility of magnetic or thermal influence between poles or modular units. 

b) When there is no possibility of magnetic influence, but there may be thermal influence from other 
phases of the circuit breaker, tests may be made with single-phase current passed through the three 
poles in series. 

c) Single-phase tests may be made on a single pole of a circuit breaker or in a single component of 
modular units. 
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4.4.4 Duration of continuous current tests 

The continuous current shall be maintained for a period such that the temperature rise of every monitored 
point in the assembly has not changed by more than 1.0 °C as indicated by three successive readings at  
30-min intervals. 

The equipment is considered to have passed the test if the established temperature limits and temperature rise 
limits specified in IEEE Std C37.04 have not been exceeded in any of the last three readings. 

4.4.5 Measurement of temperatures 

Temperatures shall be measured by any of the following methods: 

a) Thermocouple 
b) Thermometer (allowed method only for ambient temperature measurements; not acceptable for 

temperature measurement of current-carrying components) 
c) Resistance (preferred method for measuring coil temperatures) 

The measuring device shall be located at a point where measurement of the hottest accessible spot can be 
made. Measurements shall be made at junction points of insulation and conducting parts to prevent exceeding 
temperature limits of the insulation. Holes that destroy the effectiveness of the test (such as in multiturn coils) 
shall not be drilled. 

4.4.6 Determination of ambient temperatures 

The ambient temperature is the average temperature of the surrounding air, external to the circuit breaker 
enclosures. 

The ambient temperature shall be between 10 °C and 40 °C, so that no correction factors need be applied. 
The ambient temperature shall be determined by taking the average of the readings of three measurements 
that are made at locations unaffected by drafts approximately 300 mm (12 in), away, horizontally, from the 
projected periphery of the circuit breaker or enclosure (for circuit breakers used in metal-enclosed or metal-
clad switchgear, refer to the requirements in IEEE Std C37.20.2™ or IEEE Std C37.20.3™, as applicable), 
and approximately in line, vertically, as follows: 

a) One approximately 300 mm (12 in) above the circuit breaker or enclosure (including bushings). 
b) One approximately 300 mm (12 in) below the circuit breaker or enclosure. In the case of floor-

mounted circuit breakers or enclosures, it shall be 300 mm (12 in) above the floor or mounting 
base. 

c) One approximately midway between the above two positions. 

To avoid errors that are due to the time lag between the temperature of large apparatus and the variations in 
the ambient temperature, the measuring device used for determining the ambient temperature shall be 
immersed in a suitable liquid, such as oil, which is contained in a suitable heavy metal cup; or bonded directly 
to a heavy metal plate of at least 6 mm of thickness and 25 mm on each side or bolted between two plates of 
at least 6 mm of thickness and 12 mm on each side. 

A convenient form of such an oil cup consists of a metal cylinder with a hole drilled partly through it. The 
hole is filled with oil, and the sensing portion of the measuring device is then fully immersed in it. The 
response of this method to various rates of temperature change will depend primarily on the kind of material 
and the overall mass of the containing cup. The response may be further regulated by adjusting the amount 
of liquid in the cup. The larger the apparatus under test, the larger shall be the metal cylinder employed as an 
oil cup. The smallest size oil cup employed in any case shall consist of a metal cylinder, 25 mm (1 in) in 
diameter and 50 mm (2 in) in height. 
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4.4.7 Measurement of the resistance of the main circuit 

The measurement of the resistance of the main circuit shall be made for future comparison between the circuit 
breaker originally design tested and all other circuit breakers of the same type subjected to routine tests. 

The measurement shall be made with a dc source by measuring the voltage drop or resistance across the 
terminals of each pole. The current during the test shall have any convenient value between 100 A and the 
rated continuous current. 

The measurement of the dc voltage drop or the resistance shall be made before the temperature rise test, with 
the circuit breaker at the prevailing ambient temperature, and then again after completion of the temperature 
rise test when the temperature of the test circuit breaker has returned to within 10 °C of ambient temperature. 

NOTE—Resistance measurement is not a pass–fail criterion, but it is important for establishing references for production 
and field tests. Experience shows that an increase in the main circuit resistance may not be a reliable evidence of a bad 
contact or connection.  

4.5 Dielectric withstand tests 

4.5.1 General 

The dielectric withstand capability of a circuit breaker is demonstrated by subjecting it to a power frequency, 
a lightning impulse test, and when required, a chopped wave lightning impulse and a switching impulse test, 
at an average voltage level equal to or greater than those that have been specified in IEEE Std C37.04. 

4.5.2 Tests conditions 

The following dielectric withstand test conditions shall be met: 

a) Withstand tests on circuit breakers shall be made under atmospheric pressure, temperature, and 
humidity conditions normally prevailing at the testing facility. 

b) The circuit breaker shall be clean and in good condition, and it shall not have been put into 
commercial operation. 

c) Sealed interrupters that use a pressurized gas shall be tested at the minimum specified operating 
pressure of the interrupter. 

d) If gaps are to be permanently mounted in parallel with the insulation structure, they shall be in 
place during all dielectric tests. 

e) The values of correction factors for atmospheric pressure and atmospheric humidity to be used for 
impulse and power frequency tests shall be taken from IEEE Std 4™ curves and formulas, except 
when otherwise noted. 

f) The bushing and rod gap correction factors will not always have the optimum accuracy for a 
specific design of circuit breaker. In cases when more accurate correction factors can be made 
available for a specific design or class of designs, they may be used. 

g) When revisions in correction factors in IEEE Std 4 are made, they shall be applicable to new 
designs only and it shall not be necessary to repeat design tests on designs for which such tests 
have been completed. 

h) Dielectric test voltages shall be measured in accordance with IEEE Std 4 voltage measurement 
standards. 

i) The configuration of the circuit breaker may cause a test on one terminal to produce the same 
electric stress distribution as a test on one or more of the other terminals. When this situation 
prevails, and test procedure B of IEEE Std 4 (e.g., “15/2 method”) is being used, it shall be 
necessary to apply voltage only to those terminals that produce different distributions of electric 
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stress. When test procedure C of IEEE Std 4 (e.g., “3 × 9 method”) is being used, all three poles 
must be tested. 

j) Tests, as described in the following clauses, shall be conducted on the complete three-pole circuit 
breaker. However, single-pole tests for outdoor circuit breakers shall be sufficient when adjacent 
poles have substantially no influence or are simulated by ground shields. 

k) Circuit breakers for use in metal-enclosed or metal-clad switchgear shall be tested in a minimum 
volume enclosure or in the actual switchgear vertical section compartment. The exact 
compartment location shall be denoted in the test report if multiple vertical compartments are used. 

l) For dry switching impulse tests, which are only applicable to circuit breakers rated 362 kV and 
above, atmospheric temperature and pressure correction factors shall be applied to define the test 
voltage. At the manufacturer’s option, the humidity correction factor may be applied. 

m) For wet switching impulse and wet power frequency tests, atmospheric temperature and pressure 
correction factor shall be applied to define the test voltage. However, the humidity correction 
factor shall not be applied. 

n) For lightning impulse and chopped wave tests, atmospheric temperature and pressure correction 
factors shall be applied to define the test voltage. For circuit breakers intended for installation 
outdoors, at the manufacturer’s option, the humidity correction factor may be applied. For circuit 
breakers for use in metal-enclosed or metal-clad switchgear, the use of humidity correction factors 
is required (see appropriate switchgear standard). When applicable, IEEE Std 4 method 2 may be 
followed. 

o) Handling and use of sulfur hexafluoride (SF6) gas during manufacture test, and related operations 
shall be in accordance with IEC 62271-4. 

p) Tolerance of ±3% in the peak shall be allowed for a single impulse test. The test shall be valid as 
long as the average corrected test voltage peak is on the positive tolerance side.  

4.5.3 Insulation paths 

4.5.3.1 General 

When performing dielectric tests, the following two classes of insulation paths are to be considered: 

a) Atmospheric paths: Paths entirely through atmospheric air, such as along the insulator surface 
of an outdoor bushing. 

b) Nonatmospheric paths: All other paths, such as through a gas or a vacuum sealed from the 
atmosphere, through a liquid such as oil, through a solid, or through a combination thereof. 

4.5.3.2 Atmospheric paths 

There is no separate atmospheric path requirement for the dielectric tests.  

4.5.3.3 Nonatmospheric paths 

No correction factors shall be used for testing nonatmospheric paths dielectric withstand capabilities. The 
purpose is to apply full stresses to these nonatmospheric paths. Therefore, tests in which a flashover occurs 
through an atmospheric path may be ignored. It is permissible to raise the dielectric strength of the 
atmospheric paths by artificial means, such as an extra high-voltage shield or a corona ring. 

In some atmospheric conditions, it may be desirable to delay testing of the nonatmospheric paths until 
conditions improve. 
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4.5.4 Power frequency withstand voltage tests 

4.5.4.1 Dry tests procedure 

The dry tests are conducted to determine the ability of the circuit breaker to withstand its assigned rated 
power frequency withstand voltage. The rated root-mean-square (rms) power frequency withstand voltage 
values are listed in IEEE Std C37.04. The voltage test frequency shall be between 45 Hz and 65 Hz. 

The tests shall be performed in accordance with the requirements of IEEE Std 4. The voltage shall be applied 
to the terminals of the circuit breaker for duration of 1 min, in any desired order, under the following 
conditions: 

a) With the circuit breaker contacts open, apply the specified test voltage to each terminal of the 
circuit breaker individually with all other terminals and the frame of the circuit breaker grounded. 

b) With the circuit breaker contacts closed, apply the specified test voltage to each phase of the circuit 
breaker individually with the other phases and the frame of the circuit breaker grounded. 

There shall be no flashovers during the tests, and no damage to the insulation shall be observed after the tests.  

4.5.4.2 Wet tests procedure 

The wet tests are conducted only on circuit breakers intended for installation outdoors or on external 
components such as bushings, in accordance with the procedure described in IEEE Std C37.017™. For those 
bushings, when their voltage distribution is negligibly influenced by their surroundings, and when they have 
been tested separately as individual bushings in accordance with IEEE Std C37.017, the tests need not be 
repeated in the assembled circuit breaker. 

4.5.5 Full-wave lightning impulse withstand voltage tests 

These tests are conducted on circuit breakers, under dry conditions, to verify their ability to withstand their 
rated full-wave lightning impulse withstand voltages. In these tests, both positive and negative, lightning 
impulse voltages having an average peak value equal to or greater than the rated full-wave lightning impulse 
withstand voltage, as specified in IEEE Std C37.04, shall be applied to the terminals of the circuit breaker. 

Note that some insulating materials retain a charge after an impulse test. For these cases, care should be taken 
when reversing the polarity of the test voltage. To allow the insulating materials to discharge, the use of 
appropriate methods, such as the application of impulses of the reverse polarity at lower voltages (50% to 
75% of rated value), are recommended. 

When testing switchgear incorporating an open vacuum interrupter, for each polarity, a maximum of  
25 preliminary impulse tests may be performed at up to and including the rated withstand voltage. The 
number and level of preliminary impulses is to be stated by the manufacturer. Breakdowns that are observed 
during these preliminary tests shall be disregarded for the purposes of the withstand statistics used to 
determine the pass or fail performance of the equipment. 

4.5.5.1 Waveform for lightning impulse tests 

The waveform and application of the full-wave test voltage shall be as described in IEEE Std 4 and shall 
have the following limits: 

a) Full-wave test voltage with a virtual front time based on the rated full wave impulse test voltage, 
equal to or less than 1.2 µs 

b) Average peak voltage equal to or greater than the rated full wave impulse voltage  
c) Time to the 50% value of the peak voltage, equal to or greater than 50 µs 
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If the capacitance or resistance of the test circuit breaker prevents obtaining the standard impulse waveform, 
the closest obtainable waveform should be used, subject to agreement between the user and the manufacturer. 

4.5.5.2 Test procedure 

The test procedure shall consist of the following tests performed in any order: 

a) With the circuit breaker contacts open: 
1) Apply a group of three consecutive positive lightning impulse voltage waves to each terminal 

of the circuit breaker individually with all other terminals and frame grounded. 
2) Apply a group of three consecutive negative lightning impulse voltage waves to each 

terminal of the circuit breaker individually with all other terminals and frame grounded. 
b) With the circuit breaker contacts closed: 

1) Apply a group of three consecutive positive lightning impulse voltage waves individually to 
each phase of the circuit breaker with the other phases and the frame grounded. 

2) Apply a group of three consecutive negative lightning impulse voltage waves individually to 
each phase of the circuit breaker with the other phases and the frame grounded. 

If, during the first group of three consecutive tests as applied in item a) and item b), a disruptive discharge 
occurs on one test of a group, a second group of nine tests shall be made. If the circuit breaker successfully 
withstands all nine of the second group of tests, the disruptive discharge in the first group shall be considered 
a random disruptive discharge and the circuit breaker has passed the test. If another disruptive discharge 
occurs in the second group of the test, the test is failed. 

NOTE 1— This is the preferred procedure. It is often referred to as the 3 × 9 procedure or procedure C in IEEE Std 4. 

As an alternative to the test described in this subclause, 15 consecutive lightning or switching impulses at the 
rated withstand voltage may be applied for each test condition and each polarity. The equipment has passed 
the impulse tests if all the following conditions are fulfilled: 

 Each series has at least 15 tests. 
 No disruptive discharges on non–self-restoring insulation shall occur. This is confirmed by five 

consecutive impulse withstands following the last disruptive discharge. 
 The number of disruptive discharges shall not exceed two for each complete series. 

This procedure leads to a maximum possible number of 25 impulses per series. 

NOTE 2— This procedure is referred to as the 15/2 procedure or procedure B in IEEE Std 4 and IEC 60060-1:2010 [B8]. 

The determination of the location of the observed disruptive discharges can be done by the laboratory by 
dismantling and inspecting the equipment. If punctures of non–self-restoring insulation or tracking marks on 
the nonatmospheric paths of an insulator are observed, the equipment has failed the test. 

4.5.6 Impulse voltage test for interrupters and resistors 

An additional impulse test is made on circuit breakers that have a rated maximum voltage above 100 kV and 
that have isolating gaps in series with the interrupting gaps, or have additional gaps in the resistor or capacitor 
circuits. 

An impulse voltage having a value and a waveform as specified in IEEE Std C37.04 shall be used. With all 
isolating gaps and with the gaps in the resistor and capacitor circuits closed, positive and negative waves 
shall be applied three times to each terminal of a pole unit with the other terminal grounded. No damage of 
the solid interrupter insulation, associated resistors, or capacitors shall occur. 
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4.5.7 Chopped wave lightning impulse withstand voltage tests 

These tests shall be performed on circuit breakers intended for installation outdoors that have a rated 
maximum voltage of 15.5 kV or greater to verify their ability to withstand their assigned rated chopped wave 
lightning impulse withstand voltage. 

The magnitudes of these voltages are given in IEEE Std C37.04. They shall be applied to the terminals of the 
circuit breaker, without causing damage or producing a flashover, following the same procedure as that 
described in 4.5.5.2. 

The waveform and application of the chopped wave test voltage, and the type of rod gap and its location, 
shall be as described in IEEE Std 4. 

The chopped wave shall have the following limits: 

a) The virtual front time, based on the rated chopped wave test voltage, shall be equal to or less than 
1.2 µs. 

b) The peak voltage shall be equal to or greater than the rated chopped wave test voltage. 
c) The time to the point of chop on the tail of the wave shall be no less than the times specified in 

IEEE Std C37.04. If the capacitance of a test sample is too high for test equipment to be able to 
produce a virtual front time as short as 1.2 µs, while maintaining the peak value, the most rapid 
rise obtainable may be used, subject to agreement between the user and the manufacturer. 

Note that flashovers external to the circuit breaker at the specified chop times, or longer, do not constitute 
failure to pass the test. 

4.5.8  Switching impulse voltage withstand tests 

Tests are made under wet and dry conditions on circuit breakers rated 362 kV and above to verify their ability 
to withstand their assigned rated switching impulse withstand voltages to ground and across the open gap of 
the circuit breaker. The test procedure is identical to that described in 4.5.5.2 for the open and closed circuit 
breaker, except that instead of a lightning impulse wave, a switching impulse wave of both polarities shall 
be used. The waveform shall be as defined in 4.5.8.1 and shall have a peak value equal to or greater than the 
rated switching impulse withstand voltage specified in IEEE Std C37.04. 

When testing the open circuit breaker on the first group of three consecutive tests, any external flashover to 
ground at the energized terminal of the circuit breaker will be considered to be a withstand across the open 
break. One flashover across the circuit breaker, either external or internal across the open contacts, is allowed 
within the first three tests, provided there is no reoccurrence in the test series. Any flashovers shall cause no 
damage and shall be indicated in the test record. 

When testing the closed circuit breaker on the first group of three consecutive tests, the one permissible 
flashover shall be external to the circuit breaker and from any energized metallic part to ground or to grounded 
parts of adjacent phases. Any flashovers shall be indicated in the test record. 

Note that the possibility of statistically random flashovers across the contacts is not precluded.  

4.5.8.1 Waveform for switching impulse voltage tests 

The waveform voltage shall be as described in IEEE Std 4 and shall have the following limits:  

a) Full-wave test voltage with a virtual front time, equal to 250 µs ± 50 µs.  
b) Peak voltage value equal to or greater than the rated switching impulse withstand voltage specified 

in IEEE Std C37.04. 
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c) Time to the 50% value on the tail of the wave equal to 2500 µs ± 1500 µs. 
d) This waveform shall be obtained with the circuit breaker in the circuit. 
e) When flashovers occur on the front of the wave, the peak voltage value is defined as the peak of 

the voltage wave that would have been obtained if no flashover had occurred. 

4.5.8.2 Condition of circuit breaker to be tested 

Switching impulse voltage tests shall be made with the circuit breaker mounted at an elevation above the 
ground plane not exceeding the elevation of the actual installation. Supporting frames shall be the same as 
those used in service: they shall be grounded and the exposed metallic surface area shall be no less than the 
area used in service. 

Conductors shall be connected to both circuit breaker terminals, and unless specifically indicated otherwise, 
the connecting conductors shall be mounted horizontally. The diameter of these conductors shall not be more 
than that which is normally used in service. The conductors may be terminated in spheres or rings that have 
a diameter whose dimension in meters does not exceed an equivalent numerical value that is equal to the 
circuit breaker rated maximum voltage (in kilovolts) divided by 655. 

No additional rings and shielding shall be employed if they are not a permanent part of the circuit breaker in 
its application. 

4.6 Standard operating duty (standard duty cycle) tests  

The standard duty cycle is demonstrated by test duty T100s of Table 1. 

4.7 Interrupting time tests 

The interrupting time is established by adding the maximum contact opening time when measured at rated 
control voltage and rated operating pressure for mechanical operation to the maximum determined arcing 
time [tbm, as calculated in Equation (1)] of the circuit breaker. The contact opening time of the circuit breaker 
shall be measured prior to the initiation of the short-circuit tests, under the pressures and control voltages 
specified in IEEE Std C37.04. The contact opening time corresponds to the elapsed time between the 
energization of the trip coil and the instant when the contacts separate.  

The interrupting time of a circuit breaker is the maximum interval between the instant of initialization of the 
opening operation (i.e., energizing of the trip circuit) and the instant of interruption of the current in all three 
phases during terminal fault test duties T30, T60, and T100s specified in Table 1 under the following 
conditions: 

 Rated auxiliary supply voltage and frequency 
 Rated pressures for operation, insulation, and interruption 

The operating times of some circuit breakers may vary with the auxiliary supply voltage. To verify the 
interrupting time during these test duties, the maximum interrupting time should be amended to take account 
of the lower auxiliary supply voltage and pressures as follows: 

( ) max
18
360b bm w om ort t t t t T °

= + − − − ×
°

 (1) 

where 

tb max is the maximum determined interrupting time. 
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tbm is the longest of the three recorded minimum interrupting times of T30, T60, and T100s. 
Note that tbm corresponds to the last pole-to-clear in the case of a three-phase test. For single-
phase tests done in substitution for three-phase tests, twe is computed differently to account for 
this difference. 

tw is the necessary interrupting window expressed in ms. 
  tw = T × twe / 360°. 
  T is the period of power frequency (20 ms for 50 Hz, 16.7 ms for 60 Hz). 
  twe is expressed in electrical degrees. 
  — for single-phase tests in substitution for three-phase conditions 
   — noneffectively grounded neutral systems: twe = 150 – dα. 
   — effectively grounded neutral systems: twe = 180 – dα. 
  — for three-phase tests 
   — twe = 60 – dα. 
  dα is the tripping impulse step in the search for the minimum arcing time, it is equal to  

18 electrical degrees. 
tom is the maximum recorded opening time on no-load, with minimum auxiliary supply voltage and 

pressures for operation or interruption. 
tor is the maximum recorded opening time on no-load, with rated auxiliary supply voltage and 

pressures for operation. 

The determined interrupting time is reduced by T × 18° / 360° to take into account the precision in the 
determination of the minimum arcing time. The interrupting time is defined based on the minimum arcing 
time because the longest recorded arcing time during the tests can be longer than under the actual field 
condition. 

If the maximum determined interrupting time (tb max) found in this procedure exceeds the interrupting time, 
then the test duty that has given the longest interrupting time may be repeated with auxiliary supply voltage 
and pressure for operation and interruption at their rated values. 

NOTE—The interrupting time during a make–break operation may be longer than that of a single-break operation for 
some circuit breaker designs. Such longer interrupting times may impact system protection strategy and stability if the 
delay is longer than the relay time. Users should advise the manufacturer of the maximum allowable interrupting time 
during make–break operations.  

4.8 Short-circuit current making and breaking tests 

4.8.1 General 

The short-circuit current interrupting rating of a circuit breaker is demonstrated by a series of tests. These 
tests demonstrate the rated short-circuit current and the related required capabilities of the circuit breaker for 
applications in either effectively and noneffectively grounded systems. 

The test duties used to demonstrate the performance of a circuit breaker are listed in Table 1, where the test 
parameters are identified as follows: 

a) Test voltage E takes different values depending on the test conditions for duties T10 through 
T100a, where 
1) The power frequency recovery voltage during breaking tests with kpp as the first pole-to-clear 

factor and Ur as the rated maximum voltage 

 
3
pp

r

k
E U= ×
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2) The applied phase-to-phase voltage during three-phase making tests on a three-pole circuit 
breaker 

  rE U=  

3) The applied voltage during single-phase making tests on a three-pole circuit breaker 

 
3
rUE =

 

NOTE—With the manufacturer’s consent, it is permissible, for convenience of testing, to apply a voltage 
equal to the product of the phase-to-ground voltage and the first-pole-to-clear factor (1.3 or 1.5) of the circuit-
breaker. 

b) Test current I is equal to the maximum rated rms symmetrical interrupting current 
c) Time tr is equal to 

1) 15 s for circuit breakers that are not rated for reclosing duty 
2) 0.3 s for circuit breakers rated for reclosing duty 

d) Time tr' is equal to 3 min 
e) Time T is equal to the specified time shown in IEEE Std C37.04 under the subclause for “Rated 

closing, latching, and short-time current-carrying capability” 
f) F = 2.6 for 60 Hz or 2.5 for 50 Hz 

Table 1—Single-phase or three-phase test duties for short-circuit current tests 

Test 
duty 

Operating 
duty 

Test 
voltage 

(kV) 

Making I 
[kA (pk)] 

Short-circuit 
current  

(kA) 

% 
asymmetry @ 
contact part 

T10 O–tr–CO–tr'–CO E  0.1 I <20 
T30 O–tr–CO–tr'–CO E  0.3 I  <20 
T60 O–tr–CO–tr'–CO E  0.6 I  <20 
T100s O–tr–CO–tr'–CO or 

T100s(a) and 
T100s(b) 

 
E 

 
F × I 

 
I  
 

 
<20 

 
T100s(a) C–tr'–C E F × I   
T100s(b) O–tr–O–tr'–O E  I  <20 
T100a Three Os E  see 4.8.4.4 >20 

Single-phase fault tests 

T100s 1ph O  
 

 <20 

T100a 1ph O 
3
rU

 
 

see 4.8.4.5 >20 

Single-phase, short-line fault tests 

L75 Three Os 
3
rU

 
 

0.7 I to 0.8 I <20 

L90 Three Os 
3
rU

 
 

0.9 I to 0.95 I <20 

Short-time current test 

STC Closed position 
 

F × I I for T seconds 
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Note that test duties T10, T30, T60, T100s, and T100a were formerly test duties 1, 2, 3, 4, and 5 in IEEE Std 
C37.09™-1999 [B23]. Test duties T100s 1ph and T100a 1ph were formerly test duties 6 and 7 in IEEE Std 
C37.09-1999. Test duties L75 and L90 were formerly test duties 8 and 9 in IEEE Std C37.09-1999. Test duty 
short-time current (STC) was formerly test duty 10 in IEEE Std C37.09-1999. The requirements for these 
tests have changed in some respects.  

Circuit breakers previously tested to the requirements of the tests in IEEE Std C37.09-1999 [B23] do not 
require retesting unless the design changes in a manner that would affect performance. 

The test method given in 4.8.2.3 for the demonstration of arcing times is for the direct test method, meaning 
that one test circuit provides both the test current and the voltage. However, due to the limitation on short-
circuit capacities of some test laboratories, many interrupting tests are performed using synthetic test circuits 
when the test current and the voltage are from separate test circuits. IEC 62271-101 provides the procedure 
for synthetic testing. 

4.8.2 Test conditions  

4.8.2.1  Power factor 

For short-circuit current interrupting tests, the power factor of the testing circuits shall not exceed 5.9% 
lagging, which is equivalent to X/R = 17 at 60 Hz, or 7.1% lagging, which is equivalent to X/R = 14 at  
50 Hz. 

4.8.2.2 Frequency of test circuit 

Tests demonstrating short-circuit current interrupting capabilities shall be made at a rated power frequency. 
When performing tests at a frequency other than the rated power frequency, special consideration shall be 
given to the rate of change of current at current zero since performance of some interrupters is strongly 
influenced by the rate of change of current (di / dt) at the instant of current zero. 

If a circuit breaker has been completely type-tested for a terminal fault at a given rated power frequency (50 
Hz or 60 Hz), its terminal fault making and breaking capability at the other rated power frequency is 
demonstrated, for the same rated maximum voltage and the same first-pole-to-clear factor, if the additional 
tests indicated as follows are performed successfully:  

a) If a circuit breaker has been type-tested as defined in 4.8.2 to 4.8.6 for terminal fault making and 
breaking and a rated power frequency of 50 Hz: 
1) Test duty T100s shall be performed to prove the terminal fault breaking capability at  

60 Hz if the SLF breaking capability has not been demonstrated at 60 Hz and if the peak 
making current during the T100s test at 50 Hz is less than 2.6 p.u. 

2) Test duty T100a shall be performed at 60 Hz unless the requirements on current asymmetry 
(peak value and duration of the major loop before interruption) and arcing time for 60 Hz 
are met during the tests at 50 Hz. 

b) If a circuit breaker has been type-tested as defined in 4.8.2 to 4.8.6 for terminal fault making and 
breaking and a rated power frequency of 60 Hz, test duties T100s and T100a shall be repeated at 
50 Hz to prove the terminal fault making and breaking capability at 50 Hz. 

For rated power frequencies above 60 Hz or below 50 Hz, which are beyond the scope of this standard, other 
test considerations may be required. 
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4.8.2.3  Demonstration of arcing time 

4.8.2.3.1 General 

This subclause has been modified with permission from IEC 62271-100:2008/AMD2 ed.2.0, © 2017 IEC 
Geneva, Switzerland.  

The procedures described in this subclause are relevant for the adjustment of prospective arcing times. The 
actual arcing times may vary from the prospective ones.  

NOTE 1— The arcing times prescribed in this subclause are adequate to cover the effect of the unintentional 
nonsimultaneity of the circuit breaker poles. 

NOTE 2— The test requirements are based on network conditions and are related to direct tests only. For synthetic tests, 
more detailed requirements may be applicable; see IEC 62271-101. 

4.8.2.3.2 Arcing time for three-phase test duties T10, T30, T60, T100s, T100s(b), OP1,  
and OP2 

For these tests, the tripping impulse shall be advanced by 40 electrical degrees (40°) between each opening 
operation. 

NOTE—The intent of these requirements is to demonstrate performance over the full arc extinguishing window with 
three interruptions. 

An example of a graphical representation of the three valid breaking operations for the first-pole-to-clear 
factor 1.5 is given in Figure 1 and for the first-pole-to-clear factor 1.3 in Figure 2. These figures are examples 
to illustrate short-circuit current waveforms only. The current and time values on the coordinates are not of 
significance. 

The prospective short-circuit current to be interrupted by a circuit breaker shall be determined at the instant 
of contact separation.  

For T100s, the average prospective rms current of the ac component obtained during three valid tests shall 
be equal to or greater than the required value. When three-phase tests are performed, the average prospective 
rms current of the ac component in all three phases shall be equal to or greater than the required value. To 
avoid overstressing the circuit breaker, the prospective current shall not exceed 110% of the required value.  

For T10, T30, and T60 test duties, the average prospective rms current of the ac component obtained during 
three valid tests shall be within 5% of the required value. When three-phase tests are performed, the average 
prospective rms current in all shall not vary from the required value by more than 10%. 
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Figure 1—Example of three valid symmetrical operations for three-phase tests in a 

noneffectively grounded neutral system (first-pole-to-clear factor 1.5) 
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Figure 2—Example of three valid symmetrical operations for three-phase tests in an 

effectively grounded neutral system (first-pole-to-clear factor 1.3) 
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4.8.2.3.3 Arcing time for three-phase test duty T100a  

Since the severity of the tests for this test duty can vary widely depending on the moment of contact 
separation, a procedure has been developed to arrive at realistic stresses on the circuit breaker under test. 
Annex C provides an explanation on the test procedure for T100a. The initiation of the short circuit is changed 
between tests to transfer the required asymmetry criteria from phase to phase. 

The breaking operations are valid if the prospective current meets the following asymmetry criteria: 

 The peak short-circuit current during the last loop prior to the interruption is between 90% and 
110% of the required value. 

 The duration of the short-circuit current loop prior to the interruption is between 90% and 110% of 
the required value. 

 The product of the prospective short-circuit current peak value and the loop duration must be equal 
to or higher than 100% of the product of the specified values. Refer to Table 2 and Table 3. 

Table 2 and Table 3 give the required values of the peak short-circuit current and loop duration that should 
be attained by the last loop prior to the interruption. 

When the last current loop parameters are within the prescribed tolerances, the resulting deviations on the dc 
component at current zero, the associated di / dt and the following TRV peak value are within acceptable 
limits compared with those calculated with rated values. 

The intention is to achieve a series of three valid tests, and the duty is satisfactory if the following conditions 
are met. There is no preferred order to demonstrate the three valid tests: 

a) One operation when arc extinction occurs in the first-pole-to-clear at the end of a major current 
loop in the first phase with the required asymmetry criteria and with the longest possible arcing 
time.  

b) The longest possible arcing time tarc1 for the first-pole-to-clear is achieved when the following 
condition is met: 

arc1 a100s a1360
dt t T tα = − × + ∆ °   

c) One operation when arc extinction occurs at the end of an extended major current loop in the 
second phase with the required asymmetry criteria and with the longest possible arcing time. 

d) The longest possible arcing time tarc2 for the last-pole-to-clear for circuit breakers intended to be 
used in noneffectively grounded neutral systems is achieved when the following condition is met: 

arc2 a100s a 2360
dt t T tα = − × + ∆ °   

e) The longest possible arcing time tarc3 for the second-pole-to-clear for circuit breakers intended to 
be used in effectively grounded neutral systems is achieved when the following condition is met: 

arc3 a100s a3360
dt t T tα = − × + ∆ °   

f) If the required conditions of item a) and item b) are fulfilled, in the third operation, arc extinction 
may occur at the end  

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:02:37 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.09-2018

http://www.avadocuments.com/doc/ieee-c37-09-2018
http://www.avadocuments.com/doc/ieee-c37-09-2018


IEEE Std C37.09-2018 
IEEE Standard Test Procedures for AC High-Voltage Circuit Breakers with Rated Maximum Voltage Above 1000 V 

29 
Copyright © 2019 IEEE. All rights reserved. 

1) Of a major current loop for first-pole-to-clear conditions  
2) Of an extended major current loop for last-pole-to-clear conditions for circuit breakers rated 

for kpp = 1.5 
3) Of an extended major current loop for second-pole-to-clear conditions for circuit breakers 

rated for kpp = 1.3 

There are no further requirements regarding the arcing times. 

ta100s    is the minimum arcing time of terminal fault test duty T100s 
Δta1, Δta2, Δta3  are the relevant time parameters to be selected from Table 2 and Table 3 
dα    is 18° 

The conditions for current interruption in test duty T100a for the last-pole-to-clear for circuit breakers 
intended to be used in effectively grounded neutral systems are covered by the tests in test duty T100s. 
Therefore, no further requirements for the last-pole-to-clear conditions exist. 

Some circuit breakers will not clear at the end of a major loop. Arcing then continues during the subsequent 
minor current loop. However, this test is considered valid if during a subsequent test, it is proven that the 
longest possible arc duration is achieved. 

If the behavior of the circuit breaker is such that the required conditions of item c1) and item c2) are not 
fulfilled and the circuit breaker has not interrupted after a subsequent minor loop (case mentioned in the 
previous paragraph), the relevant tests shall be continued by changing the tripping of the circuit breaker in 
steps of 18º. If during tests the required arcing times are not achieved because of minimum arcing times 
differing from ta100s, the maximum achievable arcing times shall be demonstrated. The total number of tests 
is limited to 6 when attempting to meet the earlier mentioned requirements. The test duty is valid no matter 
which arcing times have been obtained. 

The circuit breaker may be reconditioned with renewable parts before the extended operations. An additional 
test sample can also be used for the extended operations. 

A graphical representation of the three valid breaking operations for the first-pole-to-clear factor 1.5 is given 
in Figure 3 and for the first-pole-to-clear factor 1.3 in Figure 4. These figures are examples to illustrate short-
circuit current waveforms only. The current and time values on the coordinates are not of significance. 

Note that the amplitude and the duration of the last major or major extended current loop shall meet the 
applicable values in Table 2 and Table 3. 

Note that in the second breaking operation, current in the blue phase is interrupted after a major extended 
loop. 
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Figure 3—Example of the three valid asymmetrical operations for three-phase tests in a 

noneffectively grounded neutral system (first-pole-to-clear factor 1.5) 
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Figure 4—Example of the three valid asymmetrical operations for three-phase tests in an 

effectively grounded neutral system (first-pole-to-clear factor 1.3) 
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Note that the amplitude and the duration of the last major or major extended current loop shall meet the 
applicable values in Table 2 and Table 3. 

Table 2—Last current loop parameters in three-phase tests and in single-phase tests in 
substitution for three-phase conditions in relation with short-circuit test duty T100a—

Tests for 50-Hz operation 

τ Minimum 
clearing time 

Î kpp = 1.5 or 1.3 kpp = 1.5 kpp = 1.3 

   Δt1 Δta1 Δt2 Δta2 Δt3 Δta3 

ms ms p.u. ms ms ms ms ms ms 

45 
10.0 < t ≤ 27.0 1.52 13.6 4.1 15.0 10.6 14.4 10.0 
27.0< t ≤ 47.5 1.33 12.2 3.8 13.7 9.8 13.1 9.1 
47.5 < t ≤ 68.0 1.21 11.4 3.7 12.9 9.2 12.3 8.6 

60 

10.0 < t ≤ 27.0 1.61 14.2 4.3 15.6 11.1 15.1 10.5 
27.0 < t ≤ 47.5 1.44 12.9 4.0 14.3 10.2 13.8 9.6 
47.5 < t ≤ 67.5 1.31 12.1 3.8 13.6 9.7 12.9 9.1 
67.5 < t ≤ 88.0 1.22 11.4 3.7 13.0 9.3 12.3 8.6 

75 

10.0 < t ≤ 27.0 1.67 14.8 4.4 16.1 11.3 15.6 10.8 
27.0 < t ≤ 47.5 1.51 13.4 4.2 14.9 10.6 14.3 10.0 
47.5 < t ≤ 67.5 1.39 12.6 3.9 14.1 10.1 13.4 9.4 
67.5 < t ≤ 87.5 1.30 12.0 3.8 13.5 9.7 12.8 9.0 
87.5< t ≤ 108.0 1.23 11.5 3.7 13.1 9.3 12.4 8.7 

120 

10.0 < t ≤ 27.0 1.78 15.7 4.8 17.0 11.9 16.6 11.4 
27.0 < t ≤ 47.0 1.66 14.6 4.4 15.9 11.3 15.3 10.8 
47.0 < t ≤ 67.5 1.56 13.8 4.3 15.2 10.8 14.6 10.3 
67.5 < t ≤ 87.5 1.47 13.2 4.1 14.6 10.4 14.0 9.8 

87.5 < t ≤ 108.0 1.40 12.6 4.0 14.1 10.1 13.5 9.5 
τ         DC time constant of the rated short-circuit breaking current 
Î          p.u. value of the peak current of the first-pole-to-clear, the last-pole-to-clear for kpp = 1.5 and the second-pole 

to-clear for kpp = 1.3 related to the peak value of the symmetrical short-circuit current 
Δt1     duration of the major loop of the first-pole-to-clear 
Δt2     duration of the extended major loop of the last-pole-to-clear for kpp = 1.5 
Δt3     duration of the extended major loop of the second-pole-to-clear for kpp = 1.3 
Δta1   time parameter for determination of the arcing time to be demonstrated for the first-pole-to-clear conditions 
Δta2   time parameter for determination of the arcing time to be demonstrated for the last-pole-to-clear conditions for 

kpp = 1.5 
Δta3   time parameter for determination of the arcing time to be demonstrated for the second-pole-to-clear  
          conditions for kpp = 1.3 

Reprinted with permission from IEC 62271-100:2008/AMD2 ed. 2.0, © 2017 IEC Geneva, Switzerland. 
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Table 3—Last current loop parameters in three-phase tests and in single-phase tests in 
substitution for three-phase conditions in relation with short-circuit test duty T100a—

Tests for 60-Hz operation 

τ Minimum 
clearing time 

Î kpp = 1.5 or 1.3 kpp = 1.5 kpp = 1.3 

   Δt1 Δta1 Δt2 Δta2 Δt3 Δta3 

ms ms p.u. ms ms ms ms ms ms 

45 

8.5 < t ≤ 22.5 1.58 11.6 3.5 12.8 9.1 12.4 8.6 
22.5 < t ≤ 39.5 1.40 10.5 3.3 11.8 8.4 11.2 7.9 
39.5 < t ≤ 56.5 1.27 9.8 3.1 11.1 7.9 10.6 7.4 
56.5 < t ≤ 73.0 1.19 9.3 3.0 10.7 7.6 10.1 7.1 

60 

8.5 < t ≤ 22.5 1.66 12.2 3.7 13.3 9.4 12.9 9.0 
22.5 < t ≤ 39.5 1.50 11.1 3.4 12.4 8.8 11.8 8.3 
39.5 < t ≤ 56.5 1.38 10.4 3.3 11.7 8.3 11.2 7.8 
56.5 < t ≤ 73.0 1.29 9.9 3.1 11.2 8.0 10.6 7.5 
73.0 < t ≤ 90.0 1.22 9.5 3.1 10.8 7.7 10.2 7.2 

75 

8.5 < t ≤ 22.5 1.72 12.6 3.8 13.7 9.6 13.3 9.2 
22.5 < t ≤ 39.5 1.57 11.6 3.6 12.8 9.1 12.3 8.6 
39.5 < t ≤ 56.0 1.46 10.9 3.4 12.1 8.6 11.6 8.1 
56.0 < t ≤ 73.0 1.37 10.3 3.2 11.6 8.3 11.1 7.8 
73.0 < t ≤ 90.0 1.30 9.9 3.1 11.2 8.0 10.7 7.5 

90.0 < t ≤ 106.5 1.24 9.6 3.1 10.9 7.8 10.4 7.3 

120 

8.5 < t ≤ 22.5 1.81 13.4 4.1 14.4 10.1 14.1 9.7 
22.5 < t ≤ 39.0 1.71 12.5 3.8 13.6 9.6 13.2 9.2 
39.0 < t ≤ 56.0 1.62 11.8 3.7 13.0 9.3 12.5 8.8 
56.0 < t ≤ 73.0 1.54 11.3 3.5 12.5 8.9 12.0 8.5 
73.0 < t ≤ 89.5 1.47 10.9 3.4 12.1 8.7 11.6 8.1 

89.5 < t ≤ 106.5 1.41 10.6 3.3 11.8 8.4 11.3 7.9 
τ        DC time constant of the rated short-circuit breaking current 
Î         p.u. value of the peak current of the first-pole-to-clear, the last-pole-to-clear for kpp = 1.5 and the second-pole 

to-clear for kpp = 1.3  related to the peak value of the symmetrical short-circuit current 
Δt1    duration of the major loop of the first-pole-to-clear 
Δt2    duration of the extended major loop of the last-pole-to-clear for kpp = 1.5. 
Δt3    duration of the extended major loop of the second-pole-to-clear for kpp = 1.3 
Δta1  time parameter for determination of the arcing time to be demonstrated for the first-pole-to-clear conditions 
Δta2   time parameter for determination of the arcing time to be demonstrated for the last-pole-to-clear conditions for 

kpp = 1.5 
Δta3    time parameter for determination of the arcing time to be demonstrated for the second-pole-to-clear  
           conditions for kpp = 1.3 

Reprinted with permission from IEC 62271-100:2008/AMD2 ed. 2.0, © 2017 IEC Geneva, Switzerland. 

  

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:02:37 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.09-2018

http://www.avadocuments.com/doc/ieee-c37-09-2018
http://www.avadocuments.com/doc/ieee-c37-09-2018


IEEE Std C37.09-2018 
IEEE Standard Test Procedures for AC High-Voltage Circuit Breakers with Rated Maximum Voltage Above 1000 V 

34 
Copyright © 2019 IEEE. All rights reserved. 

4.8.2.3.4 Arcing time for three-phase tests covering both conditions for kpp = 1.3 and  
kpp = 1.5 

To cover the performance for kpp = 1.3 and kpp = 1.5, two separate series of duties with their specific grounding 
of test circuits should be performed. 

If a complete series of test duties demonstrating the circuit-breaker performance for kpp = 1.5 is already 
performed, it is not necessary to repeat all terminal fault test duties prescribed by this standard for 
demonstrating the performance of the circuit-breaker for kpp = 1.3. In that case, test duties T100s and T100a 
shall be repeated with a test circuit simulating the grounding condition of an effectively grounded neutral 
system (kpp = 1.3). 

The repetition of test duties T100s and T100a with a three-phase circuit for an effectively grounded neutral 
system can, as an alternative, be replaced by additional single-phase tests specified in item a) and item b) as 
follows. Single-phase tests are allowed for all types of circuit breakers except for metal-enclosed circuit 
breakers with three phases in one enclosure when direct gas dynamic interaction between phases is involved. 

a) Additional single-phase test with symmetrical current: 
1) A first test shall demonstrate the performance of the second-pole-to-clear under symmetrical 

fault conditions in an effectively grounded neutral system. The arcing time shall be set to 

arc a100s
119
360

t t T 
  

  

The TRV parameters shall be adjusted in accordance with Table 4.  

The TRV parameters for the single-phase tests are uc,sp and t3,sp for a two-parameter TRV and 
u1,sp, t1,sp, uc,sp, and t2,sp for a four-parameter TRV. 

The test voltage is  

1.26
3
rU


 

and it may be reduced to Ur / √3 after one half cycle of rated frequency after current 
interruption. 

Table 4—TRV parameters for single-phase tests in substitution for three-phase tests to 
demonstrate interruption of second-pole-to-clear and  

third-pole-to-clear for kpp = 1.3 

 

Rated voltage 
Ur < 100 kV 

2-parameter-TRV 
Ur ≥ 100 kV 

4-parameter-TRV 
uC,sp t3,sp u1,sp t1,sp uC,sp t2,sp 

Second 
pole-to-
clear 

af
21.26
3 rk U    3 c,sp ct u u  20.95

3 rU   1 1,sp 1t u u  
af

21.26
3 rk U    4 × t1, sp 

Third-
pole-to-
clear 

af r
2
3

k U   3 c,sp ct u u  
r

20.75
3

U   1 1,sp 1t u u  
af r

2
3

k U   4 × t1, sp 
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2) A second test shall demonstrate the performance of the third-pole-to-clear under symmetrical 
fault conditions in an effectively grounded neutral system. The arcing time shall be set to 

arc a100s
162
360

t t T 
  

  

The TRV parameters have to be adjusted according to Table 4. 

The single-phase tests with symmetrical currents can be combined using the prospective TRV 
peak value required for the second-pole-to-clear with the arcing time prescribed for the third-
pole-to-clear. 

b) Additional single-phase test with asymmetrical current: 

An additional single-phase fault test with an asymmetrical current that fulfills the asymmetry 
criteria as defined in 4.8.2.3.30 shall be performed. This additional test demonstrates the 
performance of the second- and third-pole-to-clear under asymmetrical fault current on the 
extended major loop. 

The test voltage to be applied is  

1.26
3
rU


 

for the verification of kpp = 1.3 and may be reduced to Ur / √3 after one quarter of a cycle of rated 
frequency after current interruption. 

When the last current loop parameters are within the prescribed tolerances, the resulting deviations 
on the dc component at current zero, the associated di / dt and the following TRV peak value are 
within acceptable limits compared with those calculated with rated values. 

The arcing time shall be the maximum arcing time calculated for a three-phase condition 
considering the minimum arcing time value found during test-duty T100s performed for kpp = 1.5 

arc a100s a3360
dt t T tα

∆
        

where ∆ta3 is the relevant time parameter to be selected from Table 2 and Table 3. 

4.8.2.3.5 Arcing time for single-phase tests in substitution for three-phase conditions and 
short-line fault tests 

The procedure for establishing a minimum arcing time might result in a test with maximum arcing time or 
with an arcing time in excess of the maximum arcing time. The aim of the following single-phase tests is to 
satisfy the conditions of the first-pole-to-clear, the second-pole-to-clear, and the last pole-to-clear for each 
test duty in one test circuit. 

The following procedures are applicable if all operations of the rated operating sequence fulfill the 
requirements for simultaneity of poles in IEEE Std C37.04. If not, caution shall be exercised when using  
Table 2 and Table 3. 

a) Arcing time for single-phase test duties T10, T30, T60, T100s, and T100s(b); OP1 and OP2; and 
L90, L75, and L60: 

To demonstrate the capability of the circuit breaker to interrupt fault currents, the design tests need 
to prove three successful interruptions with minimum, maximum, and medium arcing times.  
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