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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
the standard.

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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is rea-
sonable 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received 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 interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction

(This introduction is not part of IEEE Std C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit
Breakers.)

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 1999 revision was undertaken
to update the standard to reflect today’s circuit breaker technology and application on modern power sys-
tems. The revision also continues harmonization with IEC 60056 Ed. 4.0b: 1987, a process that first began in
1951.

This document makes significant changes in the rating structure for circuit breakers, such as the change of
the voltage range factor, K, and the standard duty cycle. With these changes, information needed to properly
apply circuit breakers rated in accordance with the 1979 or 1964 editions of IEEE Std C37.04 are eliminated
from this new edition. Accordingly, users must refer to the prior editions of the relevant standards (including
IEEE Std C37.04-1999, ANSI C37.06, IEEE Std C37.09-1999, etc.) in order to properly select and apply cir-
cuit breakers rated in accordance with the older standards.

NOTE—These older standards are part of the IEEE archives. Contact the IEEE Standards Association for ordering
information.

The changes in this standard are explained in the following clause-by-clause summary:
1. Scope—The scope was expanded to clarify the type of circuit breakers specifically covered by this
standard.
References— A complete updated listing of references is supplied.
Definitions—No substantial changes.

Service conditions—The usual and unusual service conditions are given. Information given on how
to deal with unusual service conditions has been moved to IEEE Std C37.010-1999.

5. Ratings—The rated voltage range factor, K, defined in earlier versions of IEEE Std C37.04 is com-
monly recognized as being equal to 1.0 for modern interrupting technologies; consequently, the rat-
ing structure has been simplified, because the use of a K factor of 1.0 has effectively eliminated K
from the rating structure. The rated permissible tripping delay, Y, has been incorporated in the rated
closing, latching, and short-time current carrying capability (5.8.2.3).

5.1 Rated maximum voltage—No major changes.
5.2 Rated power frequency —No major changes.

5.3 Rated continuous current—Changes were made to Table 1 (Limits of temperature and temper-
ature rise for various parts and materials of circuit breakers). This table has been brought into
better harmony with IEC.

5.4 Rated dielectric withstand capability —Changes clarify basic dielectric requirements.

5.5 Rated standard operating duty (standard duty cycle)—Changed and expanded to include cir-
cuit breakers for rapid reclosing and to coordinate with IEC.

5.6 Rated interrupting time—The definition was clarified and updated for modern circuit breaker
performance.

5.7 Contact parting time— This definition was modified to alert users of high-voltage circuit break-
ers that it may be necessary to add external delay to account for fault deionization times on
power systems.

5.8 Rated short-circuit current and related required capabilities
5.8.1 Rated short-circuit current—No major changes.

5.8.2 Related required capabilities — The required asymmetrical interrupting capability for
three-phase faults (5.8.2.2) defines the percent dc component based on the standard time
constant of 45 ms (corresponding to an X/R of 17 for 60 Hz or 14 for 50 Hz). This
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replaces the “S-factor” concept used in earlier versions of IEEE Std C37.04.

The rated closing, latching, and short-time current carrying capability (5.8.2.3) incorpo-
rates the permissible tripping delay and short-time current into values that coordinate
with IEC. The required reclosing capability is referenced to IEEE Std C37.010-1999.

5.9 Rated transient recovery voltage (TRV)—This subclause of the standard was expanded to
provide a detailed explanation of how TRV values are calculated. The first pole-to-clear factor
and transient amplitude factors have been harmonized with IEC in preparation for future har-
monization of waveshapes for testing. The shortline fault surge impedance and amplitude
constant were harmonized to a single value. The initial TRV was incorporated from IEEE Std
C37.04i-1991.

5.10 Rated operating endurance capabilities—This subclause replaced ‘“Required load current
switching capability and life.”

5.11 Rated capacitance current switching—This subclause was not changed. Requirements for
capacitance switching are currently under review by a joint IEEE/IEC working group.

5.12 Out-of-phase switching current capability —No major changes.

5.13 Shunt reactor current switching capability —References are made to IEEE Std C37.015-1993.

5.14 Rated line closing switching surge factor—No changes.

5.15 Rated control voltage—IEC definitions are incorporated.

5.16 Rated operating pressure for insulation and/or interruption (P,)—IEC definitions are
incorporated.

5.17 Rated operating pressure for mechanical operation (P,,,) —IEC definitions are incorporated.
6. Construction

6.1 Outdoor apparatus bushings —References have been updated.

6.2 Creepage distance—References ANSI C37.06-1997 requirements.

6.3 Mechanical loading—This subclause has been updated to reflect individual mechanical loads
per IEC.

6.4 Pressurized components—Requirements for non-ceramic pressurized vessels have been
added.

6.5 Pressurized systems—No major changes.
6.6 Gas and vacuum tightness—Requirements have been added that correlate to IEC.
6.7 Functional components —Basic requirements for circuit breakers have been defined.

6.8  Stored energy requirements for operating mechanisms — Basic requirements for stored energy
are established based upon the time to replenish the stored energy after operation.

6.9 Operating mechanism requirements — Establishes trip-free and anti-pump requirements.
6.10 Electromagnetic compatibility (EMC)—Establishes withstand of secondary systems.

6.11 Requirements for simultaneity of poles—Establishes mechanical requirements in correlation
with IEC.

7. Nameplate markings—No major changes.
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IEEE Standard Rating Structure for
AC High-Voltage Circuit Breakers

1. Scope

This standard establishes a symmetrical current rating structure and construction requirements for all indoor
and outdoor types of ac high-voltage circuit breakers rated above 1000 V. It is only applicable to three-pole
circuit breakers used in three-phase systems and single-pole circuit breakers used in single-phase systems.
This standard does not cover circuit breakers used at frequencies other than 50 Hz or 60 Hz, or generator cir-
cuit breakers that are covered in IEEE Std C37.013-1997.

2. References

This standard shall be used in conjunction with the following publications. When a standard is superseded
by an approved revision, the revision shall apply.

ANSI C37.06-1997, American National Standard for Switchgear— AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities.1

ANSI C37.06.1-1997, American National Standard Trial-Use Guide for High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis— Designated “Definite Purpose for Fast Transient Recovery Voltage
Rise Times.”

ANSI C37.54-1996, American National Standard for Switchgear—Indoor Alternating-Current High-Voltage
Circuit Breakers Applied as Removable Elements in Metal-Enclosed Switchgear Assemblies—Conformance
Test.

ANSI C84.1-1989, American National Standard for Voltage Ratings for Electric Power Systems and Equip-
ment (60 Hz).2

ASME 1998 Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels.3

I ANSI C37 standards are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscat-
away, NJ 08855-1331, USA (http://www.standards.ieee.org/).

2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

3ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-5990,
USA (http://www.asme.org/).
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Std C37.04-1999 IEEE STANDARD RATING STRUCTURE FOR

ASME 1998 Boiler and Pressure Vessel Code, Section X, Fiber-Reinforced Plastic Pressure Vessels.
IEC 60056 Ed. 4.0b: 1987, High-voltage alternating-current circuit-breakers.*
IEC 60694 Ed. 2.0b: 1996, Common specifications for high-voltage switchgear and controlgear standards.

IEEE Std 1-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in the Rating of
Electric Equipment and for the Evaluation of Electrical Insulation.’

IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing. (This standard is specifically refer-
enced because its latest revision does not include critical test techniques needed for circuit breaker testing.
When the latest issue of this standard is suitably revised, it will be officially recognized and will become part
of this revision.)

IEEE Std 693-1997, IEEE Recommended Practices for Seismic Design of Substations.

IEEE Std 1312-1993, IEEE Standard Preferred Voltage Ratings for Alternating-Current Electrical Systems
and Equipment Operating at Voltages Above 230 kV Nominal (formerly C92.2).

IEEE Std C37.09-1999, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

IEEE Std C37.010-1999, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37.011-1994, IEEE Application Guide for Transient Recovery Voltage for AC High-Voltage Cir-
cuit Breakers Rated on a Symmetrical Current Basis.

IEEE Std C37.013-1997, IEEE Standard for AC High-Voltage Generator Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE Std C37.015-1993, IEEE Application Guide for Shunt Reactor Switching.

IEEE Std C37.11-1997, IEEE Standard Requirements for Electrical Control for High-Voltage Circuit Break-
ers Rated on a Symmetrical Current Basis.

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

IEEE Std C37.24-1986 (Reaff 1998), IEEE Guide for Evaluating the Effect of Solar Radiation on Outdoor
Metal-Enclosed Switchgear.

IEEE Std C37.100-1992, IEEE Standard Definitions for Power Switchgear.

IEEE Std C57.19.00-1991 (Reaff 1997), IEEE Standard General Requirements and Test Procedures for Out-
door Power Apparatus Bushings.

IEEE Std C57.19.01-1991 (Reaff 1997), IEEE Standard Performance Characteristics and Dimensions for
Outdoor Apparatus Bushings.

NEMA SG-4-1995, Alternating Current High-Voltage Circuit Breakers.”

4IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).

NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(global.ihs.com/).
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IEEE
AC HIGH-VOLTAGE CIRCUIT BREAKERS Std C37.04-1999

3. Definitions

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 C37.100-1992. 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.

4. Service conditions

4.1 Usual service conditions
Circuit breakers conforming to this standard shall be suitable for operating at their standard ratings

a)  Where the temperature of the ambient is not above 40 °C or below -30 °C;

b)  Where the altitude is not above 1000 m;

c¢)  Where the effect of solar radiation is not significant (the principles stated in IEEE Std C37.24-1986
may be used for guidance);

d)  Where the seismic conditions do not exceed those defined in 6.3.1.3; and

e)  Where unusual conditions as listed in IEEE Std C37.010-1999 do not exist.

4.2 Unusual service conditions

Unusual service conditions are 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 C37.010-1999 should be followed.

5. Ratings

The rating of a circuit breaker is a designated limit of operating characteristics that is based upon usual ser-
vice conditions as specified in 4.1. The rating of a circuit breaker shall include the following parameters (for
values of preferred ratings of circuit breakers, see ANSI C37.06-1997):

a)  For operation (5.17);
b)  Out-of-phase switching current (5.12), rated maximum voltage (5.1);
c¢) Rated power frequency (5.2);
d) Rated continuous current (5.3);
e) Rated dielectric withstand capability (5.4);
f)  Rated standard operating duty (standard duty cycle) (5.5);
g) Rated interrupting time (5.6);
h) Rated short-circuit current (5.8);
i) Rated transient recovery voltage (TRV) (5.9);
i) Rated capacitance current switching (5.11)
(NOTE — Definite purpose is an optional rating.);
k) Rated control voltage (5.15);
1)  Rated operating pressure for insulation and/or interruption (5.16);
m) Rated operating pressure for mechanical operation (5.17);

n) Out-of-phase switching current capability (5.12) (out-of-phase switching current is an optional rat-
ing that may be assigned where applicable).
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The establishment of a rating and the assignment of it to a circuit breaker in accordance with these standards
implies performance characteristics at least equal to those set forth in the following subclauses. Compliance
with these ratings is demonstrated by testing performed in accordance with IEEE Std C37.09-1999 and,
where applicable, by ANSI C37.54.1996; however, other equivalent or more effective methods of testing are
not precluded. Alternately, for designs existing prior to the adoption of 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 previ-
ous 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 cir-
cuit breaker.

5.1 Rated maximum voltage

The rated maximum voltage of a circuit breaker is the highest rms phase-to-phase voltage for which the cir-
cuit 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 C84.1-1989 and IEEE Std 1312-1993.

5.2 Rated power frequency

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 (16 2/3 Hz, 25 Hz) should receive special
consideration (see IEEE Std C37.010-1999).

5.3 Rated continuous current

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 des-
ignated in 5.3.1 and 5.3.2. For rated continuous currents, refer to the tables of preferred ratings in ANSI
C37.06-1997.

5.3.1 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.

¢) 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 indoor circuit breakers without enclosures shall have ratings based on a
40 °C ambient temperature.

5.3.2 Temperature limitations
See IEEE Std 1-1986.
5.3.2.1 Limitations on insulating material

The temperatures of materials used to insulate the main power circuit conducting parts from phase-to-
ground, from phase-to-phase, or from terminal-to-terminal of an open circuit breaker shall be limited to the
values listed in Table 1.
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