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Abstract: The rating structure for all high-voltage circuit breakers, which include all voltage
ratings above 1000 V ac and comprise both indoor and outdoor types, is covered in this standard.
Preferred ratings are also provided. Typical circuit breakers covered by these standards have
maximum voltage ratings ranging from 4.76 kV through 800 kV, and continuous current ratings of
600 A, 1200 A, 2000 A, 3000 A, and 4000 A associated with the various maximum voltage
ratings. The rating structure establishes the basis for all assigned ratings, including continuous
current, insulation capability (formerly 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. Generator circuit breakers are covered by
IEC/IEEE Std 62271-37-013.

Keywords: capacitive current switching, IEEE C37.04™, indoor, insulation capability, interrupting
time, mechanical endurance, outdoor, operating duty, power frequency, ratings, related
capabilities, short-circuit current, short-line fault, transient recovery voltage
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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/[PR/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.

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,
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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. An official 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 the 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 C37.04-2018, IEEE Standard for Ratings and Requirements for AC High-
Voltage Circuit Breakers with Rated Maximum Voltage Above 1000 V.

In 1964, consolidated standards for circuit breakers rated on a symmetrical current basis were published to
take the place of standards established on the total current basis of rating. This revision was undertaken to
update the standard to reflect today’s circuit breaker technology and application on modern power systems.
The revision also continues harmonization with IEC 62271-100, a process that first began in 1951.

This revision includes the changes introduced into capacitive switching ratings and harmonization of TRV
requirements of amendments 1 and 2 to IEEE Std C37.04-1999, IEEE Std C37.04a™-2003, and IEEE Std
C37.04b™-2008 as well as all corrigenda and errata. The major change in this edition of IEEE Std C37.04
is the incorporation of the preferred ratings values from IEEE Std C37.06™-2009 [B24] into this
document. With the approval of this edition of IEEE Std C37.04™-1999 [B23], IEEE Standards
Association Standards Board action will withdraw IEEE Std C37.06-2009.

This revision does not make major changes to requirements that have been in practice. Revisions have been
made to incorporate information that was offered to IEEE by the NEMA SG4 (High-Voltage Circuit
Breakers) technical committee. With some exceptions, this new material has been incorporated essentially
as received from NEMA. The areas covered by the NEMA material include new definitions related to
pressure systems and noise, new requirements for flat terminals, ground terminals, additional requirements
for various operating mechanisms, enclosures, wiring, noise, X-radiation for vacuum interrupters, current
transformers (and their connections) (including free-standing current transformers), undervoltage trip
devices, and specialized applications.

The reader is reminded that these requirements do not apply retroactively. Circuit breakers designed, tested,
and manufactured to earlier versions of the standards must be applied in accordance with the versions of the
standards that were in effect when the specific circuit breaker was manufactured.
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IEEE Standard for Ratings and Requirements Rating Strueturefor AC

High-Voltage Circuit Breakers with Rated Maximum Voltage Above 1000

Vv

1. Scope

This standard applies to establishes—a—symmetrical—eurrentratingstructure—and—construction
requirementsfor-all-indoorand-eutdeortypes-of ac high-voltage circuit breakers with rated nominal

voltage above 1000 V. It establishes a rating structure, preferred ratings, construction and functional

component requirements.

This standard encompasses the following:

- is-onby-applicable-to-Three pole circuit breakers used in three-phase systems-ané
- Single pole circuit breakers used in single-phase systems

- Attachments for these circuit breakers, such as bushings, current transformers, interlocks,

shunt trips, etc., and auxiliary equipment sold with the circuit breakers such as closing relays

and structural steel supports.

This standard does not cover circuit breakers used at frequencies other than 50 Hz or 60 Hz; or

generator circuit breakers that are covered in IEC/IEEE Std 62271-37-C37013 [B14]-1997.

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 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.
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ANSI C37. 85 86-1997, American National Standard for Switchgear —_Alternating-Current A€ High-

Voltage_ Power Vacuum Interrupters—Safety Requirements for X-Radiation Limits.] Cireuit

ASME-1998 Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels. 23

ASME-1998 Boiler and Pressure Vessel Code, Section X, Fiber-Reinforced Plastic Pressure Vessels.

ASTM D2472, Standard Specification for Sulfur Hexafluoride.3

ASTM D3487, Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

IEC 60529, Degrees of Protection Provided by Enclosures (IP Code).4

1 ANSI publications are available from the American National Standard Institute (http://www.ansi.or:

2 ASME publications are available from the American Society of Mechanical Engineers (http://www.asme.org/).

3 ASTM publications are available from the American Society for Testing and Materials (http://www.astm.or

4 [EC publications are available from the International Electrotechnical Commission (http://www.iec.ch/) and the American
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IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-current circuit

breakers.

IEC 62271-100:2008/AMD1:2012, Amendment 1 — High-voltage switchgear and controlgear — Part

100: Alternating-current circuit breakers.

IEC 62271-100:2008/AMD?2:2017, Amendment 2 — High-voltage switchgear and controlgear — Part

100: Alternating-current circuit breakers.

IEC/TS 62271-304, High-voltage switchgear and controlgear — Part 304: Design classes for indoor

enclosed switchgear and controlgear for rated voltages above 1 kV up to and including 52 kV to be

used in severe climatic conditions.

IEEE Std 1™-1986—(Reatf 1992}, IEEE Recommended Practice— Standard-General Principles for

Temperature Limits in the Rating of Electrical Eleetrie Equipment and for the Evaluation of Electrical

Insulation.2-6

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

5 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.

6 5IEEE publications are available from The Institute of Electrical and Electronics Engineers(http://standards.ieee.org/).~445-Hees
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IEEE Std C37.09™-1999, IEEE Standard Test Procedures Procedure for AC High-Voltage Circuit
Breakers with Rated Maximum Voltage Above 1000 V. en-a Symmetrical-Cuarrent-Basis:

IEEE Std C37.010™-1999, IEEE Application Guide for AC High-Voltage Circuit Breakers > 1000 Vac

Rated on a Symmetrical Current Basis.

IEEE Std C37. 017™ 643-1997, IEEE Standard for Bushings for AC-High-Voltage [over 1000 V (ac)]

Generator Circuit Breakers and Gas-Insulated Switchgear Rated-en-aSymmetrical Current Basis.
IEEE Std C37.015-1993 1EEE Application Guide for S| R Suritching.

IEEE Std C37.11™-1997, IEEE Standard Requirements for Electrical Control for AC High-Voltage
(>1000 V) Circuit Breakers Rated-on-a-Symmetrical Current Basis.

IEEE Std C37.20.2™-1993, IEEE Standard for Metal-Clad and-Station-Type-Cubicle-Switchgear.

IEEE Std C37. 20.3™24-1986(Reatf 1998), IEEE Standard Guide for Metal-Enclosed Interrupter
Switchgear (1 kV-38 kV). Evaluatingthe Effectof Selar Radiation—on—Outdoor Metal-Enelosed
Switchgear:

IEEE Std C37. 20.10™100-1992 JEEE Standard Definitions for AC (52 kV and below) and DC (3.2 kV

and below) Pewer Switchgear Assemblies.

IEEE Std C37.100.1-2007™ 5719001991 —(Reatf 1997, IEEE Standard of Common Gereral

Requirements and-Fest Proeceduresfor High-Voltage Out-deerPower Switchgear Rated Above 1000

IEEE Std C37.100.5™, IEEE Standard for Definitions of High-Voltage Circuit Breakers Above 1000

Vac and 3200 Vdc, and Reclosers and Other Distribution Equipment from 1000 Vac to 38 000 Vac.

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

IEEE Std C57.106™, IEEE Guide for Acceptance and Maintenance of Insulating Mineral Oil in

Electrical Equipment.
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ISO 7000, Graphical symbols for use on equipment —Registered svmbols.7

NEMA CC 1, Electric Power Connection for Substations.8

NEMA 107, Methods of Measurement of Radio Influence Voltage (RIV) of High-Voltage Apparatus.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Online Dictionary should be referenced for terms not defined in this clause.?

The terms and definitions applicable to this standard and to the related standards for ac high-
voltage circuit breakers shall be in accordance with IEEE Std C37.20.10 and IEEE Std C37.100.5-4992.

These definitions are not intended to embrace all possible meanings of the terms. They are intended

solely to establish the meanings of terms used in power switchgear.

air system (for pneumatic operating mechanism): An assembly of parts and devices that provide

compressed air for the operation of a circuit breaker or circuit breaker operating mechanism.

amplitude factor (of transient recovery voltage): The ratio of the highest peak of the transient

recovery voltage to the peak value of the normal-frequency recovery voltage.

7 1S0 publications are available from the International Organization for Standardization (http://www.iso.org/) and the American

National Standards Institute (http://www-.ansi.org/).

8 NEMA publications are available from the National Electrical Manufacturers Association (http://www.nema.org/).

9 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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NOTE—In tests made under one condition to simulate duty under another, as in single-phase tests

made to simulate duty on three-phase ungrounded faults, the amplitude factor is expressed in terms

of the duty being simulated.10

cable charging current: Current delivered to charge the parasitic capacitance surrounding an

unloaded cable.

cable system: A system in which the supply side of the circuit breaker is connected with 100 m or

more of cables or the equivalent capacitance.

circuit breaker class C0: Circuit breaker with unspecified probability of restrike when switching

capacitive current under rated conditions. Syn: class CO.

circuit breaker class C1: Circuit breaker with low probability of restrike when switching capacitive

current under rated conditions. Syn: class C1.

circuit breaker class C2: Circuit breaker with very low probability of restrike when switching

capacitive current under rated conditions. Syn: class C2.

circuit breaker class M1: Circuit breaker with normal mechanical endurance. Syn: class M1.

circuit breaker class M2: Frequently operated circuit breaker for special service requirements and

designed so as to require only limited maintenance. Syn: class M2.

circuit breaker class S1: Circuit breaker with rated maximum voltage less than 100 kV intended to

be used in a cable system. Syn: class S1.

circuit breaker class S2: Circuit breaker with rated maximum voltage less than 100 kV intended to

be used in a line system. Syn: class S2.

close and latch: The capability of a switching device to close (allow current flow), and immediately

thereafter, latch (remain closed), and conduct a specified current through the device under specified

conditions.

contact position indicator: A device that is located at or near the operating mechanism to indicate

whether the main contacts are in the closed or open position.

10 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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dc _component (of a total current): A unidirectional (dc) component which constitutes the

asymmetry of the total current. The unidirectional component can be of either polarity, but will not

change polarity, and will decrease at some predetermined rate.

definite-purpose circuit breaker: A circuit breaker that has been designed, tested, and rated in

accordance with general-purpose circuit breaker requirements of applicable standards and that has

been designed, tested, and rated in accordance with the requirements of one or more specific

Derformance requirements.

hydraulic system (for hydraulically operated mechanisms): An assembly of parts and devices that

provides for the control of hydraulic energy for the operation of a circuit breaker or circuit breaker

operating mechanism.

impulse withstand voltage: The crest value of an impulse that, under specified conditions, can be

applied without causing a disruptive discharge.

initial transient recovery voltage (ITRV): A component of the transient recovery voltage that

appears in the very short time immediately after current interruption. The ITRV is a result of

traveling waves on the conductors adjacent to the circuit-switching device.

line-closing switching-surge maximum voltage: The maximum transient peak voltage to ground

measured on a transmission line during a switching surge that results from energizing that line.

line system: A system in which the supply side of the circuit breaker is connected to overhead lines

with less than 100 m of cables.

NOTE—Because the terms ‘line system’ and ‘cable system” within this standard are only used for the

selection of a class S1 or class S2 circuit breaker, a line system may be classified as a cable system

regardless of the physical length of cables if the required TRV capabilities is within the capabilities

of a class S1 circuit breaker.

noise (continuous): The sound level above ambient produced by vibrations, fans, and blowers.

noise (impulse): The sound level above ambient produced by a closing, opening, or combination of

closing and opening operations.
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noise (intermittent): The sound level above ambient produced by periodic operation (occurring one

or more times per week) of such devices as compressors, hydraulic pumps, compressor unloader

exhausts, air regulator valves, and air drains.

operating mechanism (of a switching device): The part of the mechanism that actuates all the main

circuit contacts of the switching device either directly or by the use of pole-unit mechanisms.

pressure switch (alarm): A switch that operates on given values, or on a given rate of change to send

an alarm signal when the pressure that is being monitored has reached the set point.

pressure switch (lockout): A switch that prevents the electrical operation of a circuit breaker if the

operating pressure is below a predetermined value.

reclosing time (of a circuit breaker): The interval between the time when the actuating quantity of

the release (trip) circuit reaches the operating value (the breaker being in the closed position) and the

reestablishment of the circuit on the primary arcing contacts on the reclosing stroke.

shunt release (trip): A release energized by a source of voltage.

stroke (of a circuit breaker): The distance covered by the moving contacts between the fully closed

and fully opened (at rest) positions.

symmetrical component (ac component) (of a total current): That portion of the total current that

constitutes the symmetry.

total (asymmetrical) current: The combination of the symmetrical component and the dc component

of the current.

transient recovery voltage (TRV): The voltage transient that occurs across the terminals of a pole of

a switching device upon interruption of the current.

NOTE—TRV is the difference between transient voltages to ground occurring on the terminals. The

term transient recovery voltage is usually designated as TRV, and may refer to inherent TRV,

modified inherent TRV, or actual TRV as defined elsewhere. In a multipole switching device, the

term is usually applied to the voltage across the first pole to interrupt. For switching devices having

several interrupting units in series, the term may be applied to the voltage across units or groups of

units.
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3.2 Acronyms and abbreviations

ASME

AWG

It
[test
ITRV

kaf

LC
or
OP1

Oor,

American Society of Mechanical Engineers

American wire gauge

rated capacitor bank breaking current

rated cable charging capacitive breaking current

total time of exposure at a specified sound level

peak factor, used in short-line fault TRV calculations

frequency (Hz)

back-to-back capacitor inrush making current frequency

multiplying factor used in calculation of uj

rated power frequency

gas-insulated substation (syn: gas-insulated switchgear)

rated continuous (normal) current

rated short-circuit current

total current

actual achieved current during a type test

initial transient recovery voltage

amplitude factor, used in calculating TRV parameters

first-pole-to-clear factor

rated line charging capacitive breaking current

out-of-phase (switching conditions)

first test duty for out-of-phase switching conditions type test

second test duty for out-of-phase switching conditions type test
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PD partial discharge

pu per unit

RRRV rate of rise of recovery voltage

s RRRYV factor, used in short-line fault TRV calculations

SLFE short-line fault

t time to reach u', used in describing TRV envelope

t1 time to reach u1, used in describing TRV envelope

T10 terminal fault test duty at 10% of Isc (rms)

T100a terminal fault test duty at 100% of It (asymmetrical value, rms)

T100s terminal fault test duty at 100% of Isc (symmetrical value, rms)

t time to reach uc, used in describing TRV in four parameter envelope

t3 time to reach uc, used in describing TRV in two parameter envelope

T30 terminal fault test duty at 30% of Isc (rms) T60 terminal fault test duty at 60% of Isc
rms

ta time delay of the start of the delay line used in describing TRV envelope

taL line side time delay, used in short-line fault TRV calculations

ti time to uj of ITRV

Ti, Tn total time of exposure permitted at a specified sound level

TLE transformer limited fault

tmin “minimum mechanical reclose time

tr reclosing time

t'r second reclosing time

TRV transient recovery voltage

u' reference voltage of delay line used in describing TRV envelope
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ul first reference voltage used in describing TRV envelope

UBD source side TRV, used in short-line fault TRV calculations

Uc second reference voltage used in describing TRV envelope

Ucp line side TRV, used in short-line fault TRV calculations

Ucpo initial line side TRV, used in short-line fault TRV calculations

Ucpp peak line side TRV, used in short-line fault TRV calculations

Uy test level for rated power-frequency withstand voltage for GIS uj reference voltage
of ITRV

Un line-to-neutral voltage

Up test level for lightning impulse withstand voltage for GIS

Ur rated maximum voltage (see also V)

Us test level for phase-to-ground switching impulse withstand voltage for GIS

1% rated maximum voltage (see also Ur)

Y permissible tripping delay

Z surge impedance

Zb bus surge impedance

w angular frequency (rad/s) corresponding to the frequency f

4. Service conditions

4.1 Usual service conditions

4.1.1 Indoor circuit breakers

The normal service conditions for indoor switchgear are as follows:

a) The ambient air temperature does not exceed 40 °C and its average value, measured over a

period of 24 h does not exceed 35 °C.
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The ambient air temperature does not drop below -5 °C.

=

c) There is no influence from solar radiation.

d) The altitude does not exceed 1000 m above sea level.

e) The ambient air is not polluted by dust, smoke, corrosive and/or flammable gases, vapors or
salt and would be considered as having a site pollution severity class (SPS) “very light”
according to Table C.1.

f)  The conditions of humidity are as follows:

1) The average value of the relative humidity, measured over a period of 24 h, does not

exceed 95%.

2) The average value of the water vapor pressure, over a period of 24 h, does not exceed 2.2

kPa.

3) The average value of the relative humidity, over a period of one month, does not exceed

90%.

4) The average value of the water vapor pressure, over a period of one month, does not

exceed 1.8 kPa.

NOTE 1—Condensation can be expected where sudden temperature changes occur in periods

of high humidity.

NOTE 2—High humidity may also be due to ground level rainwater or for underground

applications, from incoming cable raceways connected to switchgear.

g) Vibration due to causes external to the switchgear or earth tremors do not exceed vibrations

caused by operation of the switchgear itself.
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4.1.2 Qutdoor circuit breakers

The normal service conditions for outdoor switchgear are as follows:

a) The ambient air temperature does not exceed 40 °C and its average value, measured over a

period of 24 h, does not exceed 35 °C.

b) The ambient air temperature does not drop below -30 °C.

¢) Solar radiation does not exceed a level of 1044 W/m?2. During periods above this intensity, the

effects of solar radiation may be significant.

NOTE —Details on evaluating the effects of solar radiation are in IEEE Std C37.24 [B29].

d)  The altitude does not exceed 1000 m above sea level.

e) The ambient air may be polluted by dust, smoke, corrosive gas vapors, or salt. The pollution
does not exceed the site pollution severity class (SPS) “light” according to Table C.1.

0 Ice coating does not exceed 20 mm.

g) The wind speed does not exceed 40 m/s (144 km/h) (90 mi/h).

h) Condensation or precipitations may occur.

i)  Vibration due to causes external to the switchgear or earth tremors do not exceed vibrations

caused by operation of switchgear itself.
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4.2 Unusual service conditions

4.2.1 General

When high voltage switchgear is expected to be used under conditions that are different from the

normal service conditions given in 4.1, the user’s requirements should refer to the information in

4.2.2 through 4.2.7. Unusual service conditions are also discussed listed in IEEE Std C37.010-1999.
Such conditions should be brought to the attention of those responsible for the application,
manufacture, and operation of the equipment, and the guidelines for application given in IEEE Std

(C37.010_should be followed. Any requirements outside of the usual conditions or those conditions

mentioned in IEEE Std C37.010 shall be specified by the end user-1999 sheould-befollowed.

NOTE —Appropriate action should also be taken to ensure proper operation of other components

(e.g., relays, control power transformers) under such conditions.

4.2.2 Altitude

For installations at an altitude higher than 1000 m, refer to IEEE Std C37.010.

4.2.3 Exposure to pollution

For outdoor applications, ambient air that may be polluted by dust, smoke, corrosive gas, vapors, or

salt at a level that exceeds “light” pollution level as defined by Annex C is considered to be a special

condition.

For indoor applications, ambient air that may be polluted by dust, smoke, corrosive gas, vapors, or

salt at a level that exceeds severity class (SPS) “very light” as defined by Table C.1 should be

s

classified as “light,” “medium,” “heavy,” or “very heavy” as defined by Annex C.

NOTE—More information about exposure to pollution can be found in Annex C.

For indoor applications up to and including 52 kV, IEC/TS 62271-304 applies.
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4.2.4 Temperature and humidity

For installation in a location where the ambient temperature can be outside the normal service

condition range stated in 4.1.1 and 4.1.2, the ranges of minimum and maximum temperature to be

specified should be as follows:

a) -50 °C to +40 °C for extremely cold climates

b) —40 °C to +40 °C for very cold climates

c) -30 °C to +40 °C for cold climates (for indoor circuit breakers, normal for outdoor)
d) =15 °C to +40 °C for moderate climates (for indoor circuit breakers)

e) -5 °C and +55 °C for very hot climates

f) =15 °C and +55 °C for hot and dry desert regions

NOTE—IEC has adopted a minimum temperature of —25 °C for normal outdoor service conditions

and uses the IEEE normal service range of =30 °C to +40 °C as a special condition for cold climates.

4.2.5 Exposure to abnormal vibration, shock, or tilting

Standard switchgear is designed for mounting on substantially level structures free from excessive

vibration, shock, or tilting. Where any of these standard conditions may not exist, the requirements

for the particular application should be specified by the user.

For installations where earthquakes are likely to occur, the severity level according to a relevant

standard or specification should be specified by the user.

NOTE—Relevant standards for seismic evaluation include: IEEE Std 693 [B21], IEEE Std C37.81

[B31], IEC 62271-300 [B17], IEC 62271-207 [B13], and IEC 62271-210 [B19].

Other unusual forms of vibration such as close proximity to mine blasting or mobile applications

should be identified.
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4.2.6 Wind speed

If the wind speed is expected to be in excess of the normal service wind speed, the requirements for

the particular application should be specified by the user.

NOTE—Refer to IEEE Std C37.30.2 [B32] for additional information on wind loading and wind

speed charts.

4.2.7 Other parameters

Any other unusual, or special environmental, operational, or other conditions prevailing at the

location where switchgear is to be placed in service should be identified by the user.

NOTE—For other special environmental conditions, the user is referred to IEEE Std C37.010.

5. Descriptions of ratings and capabilities

5.1 General

The rating and capability of a circuit breaker is a designated limit of operating characteristics that is

based upon usual service conditions as specified in 4.1. Therating-ofa—cireuitbreakershall-ineclude
the-followingparameters{for-values-of Preferred ratings are given in Clause 6. ef-cireuit-breakers;

The rating of a circuit breaker shall include the following parameters (as applicable):

a) Rated maximum voltage

b) Rated insulation capability

a) For operation (5.17);

b) Out-of-phase switching current (5.12), rated maximum voltage (5.1);

) Rated power frequency5-2);

d) Rated continuous current (5:3};
e) Rated short-circuit current
Ratod diclectric witl 1 bifity-(5-4);
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f)

Rated capacitive current switching

Rated out of phase switching current

Rated standard operating duty (standard duty cycle){5-5);

Rated control voltage

NOTE_ Defin : tonal rating.);

lg—Ratedeontrolvoltage (5145%;

j)

k)

Rated operating pressure for insulation and/or interruption (5-16);

Rated operating pressure for mechanical operation{53+7);

Rated operating endurance capabilities

Rated interrupting time

The establishment of a rating and the assignment of it to a circuit breaker in accordance with this

standard these-standards implies performance characteristics at least equal to those set forth in the

applicable feHewing—subclauses_of Clause 5. Compliance with these ratings is demonstrated by
testing performed in accordance with IEEE Std C37.09-1999—and,—where—applicableby—ANSE

CE375414996; however, other equivalent or more effective methods of testing are not precluded.

Alternatively Alternately, for designs existing prior to the adoption of this standard these-standards,

the rating can be based on other tests that are judged to be equally effective on the basis of the

experience gained from previous design or development tests or by service performance experience.

NOTE—It shall be recognized that proper maintenance is required to ensure these ratings

throughout the life of the circuit breaker.
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5.2 Rated maximum voltage (V) or (Ur)

The rated maximum voltage of a circuit breaker is the highest rms phase-to-phase voltage for which
the circuit breaker is designed, and is the upper limit for operation. Rated maximum voltage has the
same meaning as maximum system voltage rating referred to in ANSI C84.1[B3]-1989-and HEEE-Std
134214993,

Preferred ratings are given in Clause 6.

5.3 Rated insulation dieleetrie-withstand capability

The rated insulationThe—rated—dielectrie—withstand capability of a circuit breaker is its voltage

withstand capability with specified magnitudes and waveshapes of voltage applied under specified

conditions. Preferred ratings are given in Clause 6 The—cireuit-breaker—withstand-ecapabilities—are

The rated insulation dieleetrie-withstand capability of a circuit breaker shall include the following:

a)  Dry power frequency withstand voltage for indoor circuit breakers;

b) Dry and wet (where applicable) power frequency withstand voltages for outdoor circuit

breakers:
c¢)  Dry lightning impulse withstand voltage;
d)  Dry chopped wave impulse withstand voltage (where applicable);-ane
e)  Dry and wet switching impulse withstand voltage (where applicable)

In addition, the insulation of the interrupters and associated resistors or capacitors (or both)
shunting the primary arcing contacts of a circuit breaker shall not be damaged when impulse

voltages of specified values are applied across the interrupters and the associated shunting devices,

while the primary arcing contacts are open.«See tEEE-Std-4-1978)
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5.3.1 Insulation Bieleetrie withstand capability of external insulation

External insulation shall conform to the performance requirements of this standard, except as

follows: neted-in-the-folowing paragraph-

- Bushings elassitied-as-outdoorapparatus-bushings-shall conform to the requirements of IEEE
Std C37.017.

: : i —

- Wet dielectric tests on bushings may not be substituted for wet dielectric tests on bushings

installed on a circuit breaker—because—a—wet-dielectric testonsuch—a breakeraffordsne

Requirements for the rated insulation dieleetrie-withstand-capability of the external insulation of ac
high-voltage circuit breakers are given in 6.2 ANSHC37:06-1997.

5.3.2 Rated power frequency withstand voltage

5.3.2.1 Dry withstand voltage

The rated power frequency dry withstand voltage is the rms voltage that a circuit breaker in new
condition shall be capable of withstanding for 1 min when tested under specified conditions (see

IEEE Std C37.09-3999).

5.3.2.2 Wet withstand voltage

The rated power frequency wet voltage withstand is the rms voltage that an outdoor circuit breaker
or external components (such as supporting insulating structures) in new condition shall be capable

of withstanding for 10 s when tested under specified conditions (see IEEE Std C37.09-1999).
5.3.3 Rated lightning impulse withstand voltage

The rated lightning impulse withstand voltage is the peak value of a standard 1.2 us x 50 ps impulse
voltage wave, as defined in IEEE Std 4-1978, that a circuit breaker in a new condition shall be

capable of withstanding when tested under specified conditions (see IEEE Std C37.09-1999).
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NOTE—The rated values of lightning impulse voltages for circuit breakers have the probability of
flashover to ground external-flashover of 10% or less. As a minimum, this is demonstrated by the

test requirements of IEEE Std C37.09-1999.
5.3.4 Lightning impulse test voltage for interrupter and resistors

Outdoor-Circuit breakers having a rated maximum voltage of 15.5 kV and above, having isolating
gaps in series with interrupting gaps, or additional gaps in the resistor or capacitor circuits, shall be
capable of withstanding a standard 1.2_us x 50 ps lightning impulse test voltage wave when tested
under specified conditions (see IEEE Std C37.09-1999).

5.3.5 Rated chopped wave impulse withstand voltage

The rated chopped wave impulse withstand voltage is applicable to line-connected eutdesr circuit

breakers as shown in Table 6. ef355kV-—-and-abeve: The rated chopped wave impulse withstand
voltage is the peak value of a standard lightning impulse voltage higher than the rated full wave
impulse withstand voltage that a circuit breaker in new condition shall be capable of withstanding
for a specified time, from the start of the wave at virtual time zero until flashover of a rod gap or

coordinating gap occurs, when tested under specified conditions_(see IEEE Std C37.09). Chopped

wave impulse withstand is not a required rating for class S1 circuit breakers.

5.3.6 Rated switching-impulse withstand voltage

The rated switching-impulse withstand voltage is applicable to eutdeer—circuit breakers having a
rated maximum voltage of 362 kV and above. The rated switching-impulse withstand voltage is the
peak value of the standard 250 ps x 2500 ps switching-impulse voltage wave that a new circuit
breaker shall be capable of withstanding without puncture or damage under both wet and dry
conditions. This rating recognizes the circuit breaker’s ability to withstand those transient
overvoltages associated with and created by the switching of open, loaded, or faulted lines and

equipment.
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Switching-impulse voltage surges can take many forms—unidirectional, oscillatory, or both
simultaneously. At the rated switching-impulse withstand voltage; the circuit breaker has shall-have
the probability of external flashover to ground of 10% or less. Clause 6 ANSIHC37:06-1997 lists the
required values of rated switching-impulse withstand voltages for the circuit breaker open and
closed positions, and it also lists the required dielectric test values for circuit breakers supplied in

gas-insulated substations.
5.4 Rated power-frequency (fr)

The rated power frequency of a circuit breaker is the frequency at which it is designed to operate.
Standard frequencies are 50 Hz and 60 Hz. Applications at other frequencies (e.g., 16 2/3 Hz or ;25
Hz) should receive special consideration (see IEEE Std C37.010-1999).

5.5 Rated continuous_(normal) current (Ir)

The rated continuous current of a circuit breaker is the established limit of current in rms amperes at
rated power frequency that it shall be required to carry continuously without exceeding any of the
limitations designated in 5.5.1 5:3-+-and 5.5.2. 5:3-2-For rated continuous currents, refer to the tables

of preferred ratings in Clause 6. ANSHC37:06-1997
5.5.1 Conditions of continuous current rating

The conditions on which continuous current ratings are based are as follows:
a) Circuit breakers are used under the usual service conditions defined in 4.1.

b) Current ratings shall be based on the total temperature limits of the materials used for
circuit breaker parts. A temperature rise reference is given to permit testing at reduced

ambient.

Q) Circuit breakers designed for installation in enclosures shall meet these ratings when
in their proper enclosure and based on a 40 °C ambient temperature outside the

enclosure.

d) Outdoor circuit breakers and class S1 circuit breakers not intended for use in

enclosures shall be rated based on a 40 °C ambient temperature.
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A circuit breaker is considered to be capable of being loaded above its continuous current rating as

limited by IEEE Std C37.010 depending upon circuit breaker pre-loading, duration of the load,

ambient temperature and the value of the thermal time constant determined from circuit breaker

continuous current design tests.

5.5.2 Temperature limits on insulating materials, connections and

surfaces

Table 1 provides limitations on the maximum permitted total temperature (with rise above normal

ambient condition of 40 °C provided for convenience) for circuit breakers.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:46:57 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.04-2018


http://www.avadocuments.com/doc/ieee-c37-04-2018
http://www.avadocuments.com/doc/ieee-c37-04-2018

Table 1—Limits of temperature and temperature rise for-variousparts

in the normal course of his or her duties

a
Total Temperature
Nature of the part and material » b,c temperature rise above
(°C) ambient (°C)
1. Material used as insulation 0 20 50
and metal parts in contact A 105 &5
:l;ti::sn_ulatlon of these B 130 30
F 155 115
H 180 140
C 220 180
O1® 90 50
2. Contacts f Bare copper and bare-copper alloy
— inreactive gases(RG) 2 75 35
— innon-reactive gases(NRG) 2 105 a5
— inoil 80 40
Silver-coated or nickel-coated ®
— inreactive gases(R(G) & 105 65
— in non-reactive gases{NRG) 2 105 a5
— ioil 920 50
Tin-coated &
— inreactive gases(RG) £ 90 30
— innon-reactive gases(NRG) 2 a0 50
— inoil 90 50
3. Connections, bolted or the Bare-copper. bare-copper alloy, bare alumuinum or bare-aluminum alloy
equivalent! — inreactive gases(RG) & 920 50
— innon-reactive gases{NRG) £ 115 75
— ioil 100 a0
Stlver-coated or nickel-coated
— inreactive gases(RG) 2 115 75
—  in non-reactive gases(NRG) £ 115 75
— inoil 100 60
Tin-coated
— inreactive gases(RG) & 105 65
— in non-reactive gases{NRG) 2 105 a5
— inoil 100 60
4. All other contacts or connections made of bare metals or coated with other Footnote | Footnote |
materials
5. Terminals for the connection | Bare-conductor 90 50
to external conductors by Silver-coated. nickel-coated. tin-coated 105 65
screws of bolts - - -
Other coatings Footnote ! Footnote !
6. Metal parts acting as springs Footnote ! Footnote !
7. Accessible surfaces External surfaces handled by the operator in 50 10
the normal course of hes or her duties
External surfaces accessible by the operatorin | 70 30
the normal course of hes or her duties
External surfaces not accessible fo an operator | 110 70

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:46:57 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.04-2018


http://www.avadocuments.com/doc/ieee-c37-04-2018
http://www.avadocuments.com/doc/ieee-c37-04-2018

Total

Nature of the part and material (INOTES 1, 2, 3) temp:ecl_;a ture
(7C)
1. Materiy used as msulation and 0] o0
Jl_letal parts\u contact w}'ith msula- A 105
tion of these Nasses (NOTE 4) B 130
F 155 /
H 180 /
C 20 /
0il (NOTE 5) % /
2. Contaets (NOTE 6) Bare copper and bare-copper alloy /
—in air )45 35
—in 5F (sulfurhexafiouride) / 105 65
—in oil / |80 40
S}i{er{'oated or nickel-coated {,\'91'E T
— g / 105 65
—in SPy / 105 65
—imoil \ / 90 50
Tin-coated (NQTE 7) /
—in air \/ 105 65
—in SFg /\ 105 65
—In oil a0 50
3. Connections, bolted or the equiv- Bare-col.% bare-coppeNalloy, bare alu-
alent (NOTE 8) minum gp/bare-ahminum Nloy
—in g \ 90 50
—iflSFs \ 115 75
Amoil \ 100 60
V Silver-coated or nickel-coated \
—in air N\ 115 75
—in SF NE 75
—inoil 108 60
Tin-coated \
—in air 105\ 65
—in SF 105 \ |65
—in oil 100 60
4. All other cgdtacts or connections (NOTE 9) NOTE 9)
made of bapé metals or coated with
other matgTials
als for the connection to Bare-copper and bare-copper alloy 90 50 \
A (\3{‘;‘%?5"‘1‘3;0‘5 by SCIews of " Silvercoated, nickel-coated. tin-coated | 105 65
Other coatings (NOTE 9) (NOTE 9) \

(NOTE 11)
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NOTESTO-Table 1—Limits of temperature and temperature rise
(continued)

a According to its function, the same part may belong to several categories as listed Table 1. In
this case, the permissible maximum values of total temperature and temperature rise to be

considered are the lowest among the relevant categories.

b For sealed interrupters, the values of total temperature and temperature-rise limits are not
applicable for parts inside the sealed interrupter. The remaining parts shall not exceed the

values of temperature and temperature rise given in Table 1.

€ The temperatures of conductors between contacts and connections are not covered in Table 1,
as long as the temperature at the point of contact between conductors and insulation does not

exceed the limits established for the insulating material.
d The classes of insulating materials are those given in IEEE Std 1 HEC-60694-Ed-—2-0b:3996.

€ The top oil (upper layer) temperature shall not exceed 40 °C rise or 80 °C total. The 50 5°C and

90 °C values refer to the hottest spot temperature of parts in contact with oil.

f When contact parts have different coatings, the permissible temperatures and temperature rises

shall be those of the part having the lower value permitted in Table 1.

& NRG, (-Non-Reactive Gases), for the purposes of this standard, are considered as not

accelerating ageing of contacts by corrosion or oxidation due to their chemical characteristics

and demonstrated operational records.

— Recognized NRG are SF6, N2, CO2, and CF4. They can be used pure or as a mixture of

various NRG.

— RG, (Reactive Gases), for the purposes of this standard, are reactive gases that can

accelerate ageing of contacts either by corrosion phenomena (presence of humidity) or

by oxidation phenomena (mostly due to ambient air medium like oxygen). Gases

classified as RG are ambient air, “dry” air, any gas not classified as NRG and any

mixture that includes an RG.
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NOTE—Some gases considered as RG in the classification above may be re-classified as

NRG, taking advantage of service experience or demonstration justifying the change of

classification.

— For description of these corrosion and oxidation phenomena, refer to IEC 60943 [B16].

— Due to the absence of corrosion and oxidation, a harmonization of the limits of

temperature for different contact and connection parts in the case of gas insulated

switchgear appears appropriate. The permissible temperature limits for bare copper and

bare copper alloy parts can be equalized to the values for silver coated or nickel-coated

parts in the case of NRG atmospheres.

— In the particular case of tin-coated parts, due to fretting corrosion effects (refer to IEC

60943 [B16]) an increase of the permissible temperatures is not applicable, even under

the oxygen-free conditions of SF6. Therefore, the initial values for tin-coated parts are

retained.

h The quality of the coated contacts shall be such that a layer of coating material remains at the

contact area
a) After making and breaking tests (if any).
b) After short-time withstand current tests.

) After the mechanical endurance test; according to the relevant specifications for each piece

of equipment. Otherwise, the contacts shall be regarded as “bare.”

1 Where the connection parts have different coatings, the permissible temperature rise shall be as
tollows: those of the part having the lower value permitted in Table 1.

— For factory-controlled inaccessible connections (e.g., not subject to servicing in the field) and

with both sides having copper as the base metal, those of the surface material having the

highest value permitted in item 3 of Table 1.

— For all other connections, those of the surface material having the lowest value permitted in

item 3 of Table 1.
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j When materials other than those given in Table 1 are used, their properties shall be considered

in order to determine the maximum permissible temperature rises.

K The values of temperature and temperature rise are valid even if the conductor to the terminals

is bare.

I The temperature shall not reach a value where the temper of the material is impaired.
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5.6 Rated short-circuit current and related required capabilities

The short-circuit current rating of a circuit breaker is the symmetrical component of short-circuit
current in rms amperes (see 5. 68.1) to which all required short-circuit capabilities are referenced
related. All values apply to both grounded and ungrounded short-circuits on predominantly

inductive three-phase loads of low power factor eireunits, with rated power frequency and phase-to-

phase recovery voltage equal to the rated maximum voltage.

5.6.1 Rated short-circuit current (Isc)

The rated short-circuit current of a circuit breaker is the highest value of the symmetrical component
of the three-phase, short-circuit current in rms amperes measured from the envelope of the current
wave at the instant of primary arcing contact separation that the circuit breaker shall be required to
interrupt at rated maximum voltage and on the standard operating duty. It also establishes, by fixed
ratios as defined in 5. 68.2.3, the highest currents that the circuit breaker shall be required to close

and latch against, to carry, and to interrupt. Preferred Ferwnumerieal values of rated short-circuit

current follow,referto the R10 series, see tables efpreferredratings-in Clause 6 ANSHC37.06-1997.
5.6.2 Required related capabilities

The circuit breaker shall have the required related capabilities described in 5. 68.2.1 through 5. 68.2.
65.

5.6.2.1 Required symmetrical interrupting capability for three-phase

faults

For three-phase faults, the required symmetrical interrupting capability of a circuit breaker is the
value of the symmetrical component of the short-circuit current in rms amperes at the instant of
arcing contact separation that the circuit breaker shall be required to interrupt at a specified
operating voltage, on the standard operating duty cycle, and with a direct current component of less

than 20% of the current peak value of the symmetrical component.
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5.6.2.2 Required asymmetrical interrupting capability for three-phase

faults

The required asymmetrical current interrupting capability of a circuit breaker is the value of the total

rms short-circuit current (It) at the instant of the arcing contact separation that the circuit breaker

shall be required to interrupt at a specified operating voltage and on the standard operating duty

cycle.

The required percent value of the dc component is based on a standard time constant of 45 ms

(corresponding to X/R values of 17 and 14 for 60 Hz and 50 Hz, respectively) and an assumed release

delay, or relay time of 1/2 cycle, as illustrated in Figure 1. The elapsed time shown in Figure 1_is the

contact parting time and is equal to the sum of 1/2 cycle of relay time (on the basis of the applicable

rated power frequency) plus the minimum eentaet opening time of the circuit breaker.
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Figure 1—Percent dc component of asymmetric current as a function of

contact parting time

The required asymmetrical current interrupting capability shall be determined from the rated value
of the symmetrical current and the direct current component of the current, expressed as a

percentage of the peak value of the symmetrical current, Isctsy, in accordance with Equation (1) the

(1)

NOTE—For time constants greater than 45 ms, see IEEE Std C37.09-+999 and IEEE Std C37.010-4999.

The peak current and duration of the last half wave prior to interruption during asymmetrical

testing shall be recorded. This will be used for checking asymmetrical capability for specific

applications where the time constant and/or relay time are different from the standard values of 45

ms time constant and 0.5 cycle (8.33 ms at 60 Hz) or (10 ms at 50 Hz) relay time.
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5.6.2.3 Rated closing, latching, and short-time current carrying capability

The circuit breaker shall be capable of the following:

a) Closing and latching any power frequency making current whose maximum peak (peak

making current) is:

1)  Equal to or less than 2.6 times the for-60-Hzpower rated short circuit current frequeney-or

2.5 for 60 50Hz power rated frequency and having time constants less than or equal to 45

ms & ] 1 ] . . ;i

2) Equal to or less than 2.5 times the rated short circuit current for 50 Hz power rated

frequency and having time constants less than or equal to 45 ms

3)  Equal to or less than 2.7 times the rated short circuit current for all time constants greater

than 45 ms up to 133 ms

b) Carrying a short-circuit current (short-time current), Isc/, for a period of time as specified in
Clause 6 ANSHE37:06-1997 under the list of preferred ratings. These time durations establish

the maximum permissible tripping time delay, Y, for each circuit breaker group.
5.6.2.4 Required reclosing capability

Derating-Factors for reducing the rated interrupting capacity for reclosing duty cycles other than the

standard operating duty can be determined, when required, using the method contained in IEEE Std

C37.010-1999.
5.6.2.5 Service capability duty requirements

The circuit breaker shall be capable of the-folewing-interrupting a number of terminal faults where

the sum of the symmetrical test currents is equivalent to the service capability duty of at least

performanee:

a) 8 x the rated short-circuit breaking current (Isc), for circuit breakers rated below 72.5 kV

b) 6 x Isc for circuit breakers rated 72.5 kV and above
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5.6.2.6 Electrical endurance capability

The electrical endurance of a circuit breaker is the capability to repeatedly switch currents

significantly less than the rated short circuit current, Isc. Experience has shown that for modern

circuit breaker designs, basic electrical endurance capability is covered by meeting the required

service capability of 5.6.2.5. Where extended electrical endurance is required, Table F.1 provides the

requirements for class E2 circuit breakers intended for auto-reclosing duty (normally class S2, rated

72.5 kV and lower). An example of such extended duty is a class S2 circuit breaker intended for

auto-reclosing that may be exposed to a significant number of low-level faults on connected

overhead lines. This category is intended for qualifying circuit breakers for extended electrical duty

beyond the requirements of a) and b) in 5.6.2.1. While the E2 exceeds the accumulative current

requirements of a) and b), it does not replace the requirements of a) and b) in 5.6.2.1, which are a

portion of the required type tests. Circuit breakers not requiring electrical endurance capability class

E2 are classified class E1, termed basic electrical endurance.

NOTE—The requirements for basic electrical endurance (class E1) and class E2 for circuit breakers

without auto-reclosing duty as defined in IEC 62271-100 are different than those described in this

clause. Meeting the requirements of IEC 62271-100 can, but will not necessarily, meet the

requirements for basic electrical endurance defined in this clause.

5.6.2.6.1 Circuit breakers rated below 72.5kV

The sum of the currents is a minimum of 8 times the rated short circuit current of the circuit

breakers.
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Each T100s and T100a operation shall be included as 1 x Isc in the accumulation. The degradation of

the interrupter for each breaking test is considered to be a power function of the current. The power

function is the ratio of the test current Itest to Isc, raised to the power of 1.8. The contribution of each

current interruption to the service capability shall be determined as follows:

- If Itest is less than Isc, the contribution is [(Itest) / (Isc)] 1-8 x Isc.

- _If Itest is equal to or greater than Isc, the contribution is Isc.

Each T60 operation, performed at 0.6 x Isc, shall be included in the accumulation as 0.4 x Isc, but no

more than (5) T60 tests may be included in the accumulation.

Contributions of breaking test currents less than 0.6 x Isc shall not be included in the accumulation.

At a minimum, one T100s or T100a shall be included in the Isc test accumulation.

5.6.2.6.2 Circuit breakers rated 72.5kV and higher

The service capability is demonstrated by performing terminal fault test duties T60 and T100s and/or

T100a on the same pole in the case of single-phase tests or the same circuit breaker in the case of

three-phase tests. Alternatively, it is possible to perform T100s with six interruptions at 100% rated

short-circuit current in order to have an accumulation of 6 times rated symmetrical interrupting

capability.

At a minimum, one T100s or T100a shall be included in the Isc test accumulation.

5.7 Transient recovery voltage (TRV)

5.7.1 General

The TRV related to the rated short-circuit interrupting current in accordance with 0 is the reference

voltage that constitutes the limit of the prospective TRV of circuits, which the circuit breaker shall be

capable of withstanding under fault conditions. Each TRV rating is defined for a three-phase circuit

breaker. Refer to the tables of preferred ratings for prospective TRV in Clause 6.

See Annex B for more detailed information on TRV and application considerations.
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5.7.2 Summary of rated TRV parameters

5.7.2.1 Table of rated TRV parameters

Table 2 summarizes rated TRV parameters. The parameters in Column 1 are illustrated in Figure 2

and Figure 3. The derivation of these values is further described in IEEE Std C37.011 [B26].

Table 2—Rated TRV parameters

Rarted voltages and system conditions
TRV 100 kV and above | 100KV and above Below 100 kV Below 100 kv
arameter Kop =13 kpp = 1.5 line systems cable systems
P ” ” kpp = 1.5 (class S1) Fkpp = 1.5 (class 51)
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5
Four-parameter Four-parameter Two-parameter Two-parameter
(Figure 2) (Figure 2) (Figure 3) (Figure 3)
Far 1.4 1.4 1.54 1.4
1 0.796 = Lk 0919 = [ — —
1 1/ RRRV 1u/RRRV — —
w1l f 2 KV /s 2 kVis — —
lic 1.49 = [ 1.72 = Uk 1.88 = U 1.715x U
flor i f=4n n=4n sl nht
fa 2 s 2 us ta=0051 ta=0154%
u' 112 2 13 13
t' i+ uw/BREV ta+ ' /FREV ta+ ' BEENV 1+ w'/BREV
New
By | Ewelae | E T, R | E—T 1
Below 1-cos 188 %V % NA NA NA
100 EV Figure 2 -537.06-1
100 KV and ’?p,—wa/ 149 %V See ANSI See ANSI M See ANSI
above 1gure 3 C37.06-1997 | C37.06-1997 -1997
(Deleted)

4 For line systems, time t3 for terminal fault and short-line fault is equal to 4.65 x (Ur)o'7 with #3 in

microseconds and Ur in kilovolts. The equation is derived from the values given in Table 6 of IEEE

Std C37.06-2009 [B24] for rated voltages 15.5 kV, 25.8 kV, 48.3 kV, and 72.5 kV.

b

D For cable systems, the values of 3 are those found in Table 10.
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Figure 2—Four-parameter TRV envelope
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Figure 3 —Two-parameter TRV envelope
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5.7.2.2 Standard values of TRV related to the rated short-circuit

interrupting current

Standard values of required TRV capabilities for three-pole circuit breakers of rated voltages below

100 kV make use of two parameters.

Standard values of required TRV capabilities for three-pole circuit breakers of rated voltages 100 kV

and above make use of four parameters.

The TRV tables also indicate values of rate of rise, taken as uc/t3 and u1/t], in the two-parameter and

in the four-parameter cases, respectively, which together with TRV peak values uc may be used for

purposes of specification of TRV.

The values given in the tables are prospective values. They apply to circuit breakers for general

transmission and distribution in three-phase systems having service frequencies of 50 Hz or 60 Hz

and consisting of transformers, overhead lines, and short lengths of cable.

In the case of single-phase systems or where circuit breakers are for use in an installation having

more severe conditions, the values may be different, particularly for the following cases:

a) Circuit breakers adjacent to generator circuits

b) Circuit breakers directly connected to transformers without appreciable additional

capacitance between the circuit breaker and the transformer, which provides approximately

50% or more of the rated short-circuit interrupting current of the circuit breaker

¢) Circuit breakers in substations with series reactors

d) Circuit breakers used for series compensated lines

e) Circuit breakers in substations with capacitor banks
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The TRV corresponding to the rated short-circuit interrupting current when a terminal fault occurs

is used for testing at short-circuit interrupting currents equal to the rated value. However, for testing

at short-circuit interrupting currents less than 100% of the rated values, other values of TRV are

specified (see 5.7.2.3.1). Further additional requirements apply to circuit breakers rated at 15.5 kV

and above and having rated short-circuit interrupting currents exceeding 12.5 kA, which may be

connected to overhead lines and may be subjected to short-line fault conditions (see 5.7.2.3.3).

5.7.2.3 Related required transient voltage withstand capabilities

5.7.2.3.1 Fault currents other than rated

The circuit breaker shall be capable of interrupting short-circuit currents that are less than the rated

short-circuit current. This requires withstanding a TRV envelope where the uc Ep value is higher

and the t2 or {3 time is shorter resulting in a faster RRRV than the values corresponding to the rated

short-circuit current.

The related TRV envelopes are defined by the use of multiplier factors shown in Table 3 times the

rated values and the resulting values are shown in Table 9, Table 10, Table 13, Table 14, Table 17,

Table 18, Table 19, or Table 20 as appropriate. That is, the related required peak voltage at a lower

short-circuit current is a multiplier times the two-and four-parameter values specified at the rated

short-circuit current. The related required time to reach the peak voltage is a multiplier times the

two-and four-parameter values specified at the rated short-circuit current. Note that as the current is

decreased, the multipliers have the effect of increasing the peak TRV value and of increasing the

RRRV ANSHFC37:06-1997.

Table 3 shows the family of amplitude factors and rates-of-rise or t3 values for the various test

duties.

The effect of these multipliers on the TRVs at the various specified fractional values of the rated

short-circuit current are illustrated as families of TRV envelopes as shown in the following four

figures:

- Figure 4 illustrates a family of TRVs this-effectforcireuit-breakersrated-below 100V —and
Figure 5-shews-the-same for circuit breakers rated 100 kV and above.
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