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Abstract: This standard covers enclosed low-voltage dc power circuit breakers of the stationary or
draw-out type of one- or two-pole construction with one or more rated maximum voltages of 300 V,
325V, 800 V, 1000 V, 1200 V, 1600 V, or 3200 V for applications on dc systems having nominal
voltages of 250 V, 275 V, 750 V, 850 V, 1000 V, 1500 V, or 3000 V, with general-purpose, high-
speed, semi-high-speed and rectifier circuit breakers; manually or power-operated; and with or
without electromechanical or electronic trip devices. It deals with service conditions, ratings, func-
tional components, temperature limitations and classification of insulating materials, dielectric with-
stand voltage requirements, test procedures, and application.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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 revi-
sion or reaftfirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

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 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 soci-
eties 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 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. 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 mat-
ter 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, 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.
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Introduction

(This introduction is not part of IEEE Std C37.14-2002, IEEE Standard for Low-Voltage DC Power Circuit Breakers
Used in Enclosures.)

IEEE Std C37.14-1979 superseded IEEE Std C37.14-1969 to properly recognize the widespread use of
solid-state rectifiers in industry, particularly for the traction power systems that evolved in the 1970s. It was
based on known applications as well as considerations for future system development, with basic ratings and
tests evolving from the classic mathematical solutions available at the time.

The revision working groups for IEEE Std C37.14-1992 concluded that certain major changes were neces-
sary. One of the changes made was the replacement of the 1200 V maximum design rating, with a new 1000
V rating. Dielectric withstand test voltages were correspondingly increased.

The 1999 revision of IEEE Std C37.14 reestablished the 1200 V maximum design rating, and removed the
1000 V maximum design rating, while keeping the increased dielectric withstand voltages. This change rec-
ognized the existence of installed 1200 V maximum design rated systems and also maintained a more uni-
form division between steps of preferred maximum design ratings. IEEE Std C37.14-1999 also clarified
endurance design test requirements in order to eliminate confusion on the number of electrical operations
required. There is a specific requirement to perform one group of no less than 120 consecutive close-open
operations during electrical endurance testing.

This latest revision, IEEE Std C37.14-2002, again reestablishes the 1000 V maximum design rating, while
also retaining the 1200 V rating, in order to recognize the recent development and use of 1000 V maximum
design-rated circuit breakers. Corresponding changes have been made by NEMA to Tables 11 and 11A of
ANSI C37.16-2000, which establishes the preferred ratings for LV power circuit breakers. Dielectric with-
stand test voltages have also been relaxed for the 800 V and 1000 V maximum design ratings so as to differ-
entiate from the 1200 V rating.

Some considerations that were addressed in the IEEE Std C37.14-1992 revision and retained in the 2002
revision are as follows:

a) The need for lower rated circuit breakers for light-duty transit systems, which are generally 800 V
catenary surface systems, was recognized. The power requirements are approximately one-half
those of a heavy-duty transit system, with the rectifier circuit breakers requiring maximum continu-
ous current ratings of 4000 A and feeder circuit breakers with proportionately lower ratings. Tables
12 and 12A were replaced with a new Table 12 in ANSI C37.16-2000, which was revised to reflect a
reduced base rating of 4000 kW in order to provide a lower level of design rated circuit breakers,
which allows the use of designs different from those utilized for heavy-duty systems.

b) The question of rectifier and feeder circuit breakers being rated identically was previously addressed
in the IEEE C37.14-1979 appendix, but this was now recognized and addressed in the body of the
standard. Specific installation applications normally differentiate rating requirements between recti-
fier and feeder breakers in the reverse/forward-current tripping modes, as well as in the short-time/
momentary rating modes. Therefore, it is important to recognize this difference in rating structures
to provide for realistic design ratings and testing.

c¢) The designs of high-speed and semi-high-speed circuit breakers with two different rating/test tables
were conceptually reviewed, and recognition of actual field application conditions forced a concept
change. A given track system will produce given short-circuit currents and circuit stored energy at
various locations regardless of circuit breaker type applied. Thus, there is a need for only two
tables—one for low frequency, and one for high-frequency impedance bonds. Actually, the high-
speed type circuit breaker is truly current-limiting by limiting let-through current to less than the
available (prospective) peak in all cases. The semi-high-speed type is “semi-current-limiting,” limit-
ing let-through current to less than the sustained current in all cases except in allowing the maximum
peak current available to flow on low-inductance (close-in) faults.
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Any dc circuit breaker must be capable of handling all short-circuit conditions based on the speed of opera-
tion, current interrupted, and circuit energy interrupted as verified by the short-circuit tests “a,” “b,” “c,” and
“d” of Tables 11, 11A, and 12 in ANSI C37.16-2000. It is noted for comparison that ac low-voltage power
circuit breakers are required by ANSI C37.50-1989 to be tested in four (4) sequences for certification/con-
formance. Similar analysis of required testing resulted in the assignment of two (2) sequences in the 1992
standard.

Depending on transformer/rectifier design impedance coupled with primary short-circuit current capacity
and a low dc inductance, it may be possible to obtain a higher peak current and/or sustained current under
certain conditions. This design combination needs to be properly investigated and applied to prevent over-
rating of all circuit breakers that cannot be rated higher than the rated peak and sustained currents listed in
the preferred rating tables in ANSI C37.16-2000.

This standard represents the standard practice in the United States for low-voltage dc circuit breakers.
Molded-case circuit breakers are covered by other standards, but in some instances may be able to meet this
standard.

There is presently no specific IEC LV dc circuit breaker standard. IEC 60947-2-1995 applies to circuit
breakers, the main contacts of which are intended to be connected to circuits, the rated voltage of which does
not exceed 1000 Vac or 1500 Vdc, but is limited to breakers of 2500 A rated current and 50 kKA short-circuit
breaking capacity. Circuit breakers for traction applications are not addressed. There is also an IEC Standard
60077-1-1968 (1968-01), which applies only to electrical equipment installed on motive power units.
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IEEE Standard for Low-Voltage DC
Power Circuit Breakers Used in
Enclosures

1. Overview
This standard covers the following types of enclosed low-voltage dc power circuit breakers:

a)  Stationary or drawout type of one- or two-pole construction

b) Having one or more rated maximum voltages of 3200 V, 1600 V, 1200 V, 1000 V, 800 V, 325 V, or
300 V for applications on systems having nominal voltages of 3000 V, 1500 V, 1000 V, 850 V, 750
V,275V,0r250 V

¢) Manually operated or power operated

d)  With or without overcurrent trip devices

NOTE—In this standard, the use of the term circuit breaker shall be considered to mean “enclosed low-voltage dc power
circuit breaker”.

2. References

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

ANSI C37.16-2000, Low-Voltage Power Circuit Breakers and AC Power Circuit Protectors—Preferred Rat-
ings, Related Requirements, and Application Recommendations.'

ANSI C37.17-1997, Trip Devices for AC and General Purpose DC Low Voltage Power Circuit Breakers.

IEEE Std 1™-2000, IEEE Recommended Practice—General Principles for Temperature Limits in the Rat-
ing of Electrical Equipment and for the Evaluation of Electrical Insulation.>3

LANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

’The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Inc.

3EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).
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IEEE
Std C37.14-2002 IEEE STANDARD FOR LOW-VOLTAGE DC

IEEE Std 4™.1995, IEEE Standard Techniques for High Voltage Testing.

IEEE Std C37.20.1™.-2002, IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switch-
gear.

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

3. Definitions

The definitions of terms contained in this standard, or in other standards referred to in this document, are not
intended to embrace all legitimate meanings of these terms. They are applicable only to the subject treated in
this standard. The definitions of most terms used in this standard are found in IEEE Std C37.100-1992.

3.1 circuit breaker, general-purpose low-voltage dc power: A circuit breaker that, during interruption,
does not limit the current peak of the available (prospective) fault current, and may not prevent the fault cur-
rent from rising to its sustained value.

NOTE—This design circuit breaker requires a peak, a short-time, and a short-circuit current rating.

3.2 circuit breaker, high-speed low-voltage dc power: A circuit breaker that, during interruption, limits
the current peak to a value less than the available (prospective) fault current.

NOTE—This design circuit breaker requires a short-circuit current rating and may have a short-time current rating
assigned.

3.3 circuit breaker, rectifier low-voltage dc power: A circuit breaker that carries the normal current output
of one rectifier, and during fault conditions, functions to withstand and/or interrupt abnormal current as
required.

NOTE—This design circuit breaker requires a short-circuit current rating for n—1 rectifiers and a short-time current rat-
ing for its own rectifier.

3.4 circuit breaker, semi-high-speed low-voltage dc power: A circuit breaker that, during interruption,
does not limit the current peak of the available (prospective) fault current on circuits with minimal induc-
tance, but that does limit current to a value less than the sustained current available on higher inductance cir-
cuits.

NOTES

1—This design circuit breaker requires a peak and a short-circuit current rating, and may have a short-time current rating
assigned.

2—For total performance at other than test circuit parameter values, consult the manufacturer.

3.5 trip device (opening release), impulse: A trip device that is designed to operate only by the discharge
of a capacitor into its release (trip) coil and is utilized on high-speed circuit breakers to produce the tripping
times that are independent of di/dr.

4. Service conditions

A circuit breaker conforming to this standard shall be suitable for operation up to and including all of its
standard ratings, providing that:
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POWER BREAKERS USED IN ENCLOSURES Std C37.14-2002

a)  The temperature of the air surrounding the circuit breaker is not below —5 °C,

b) The altitude does not exceed 2000 m,*

c¢) The relative humidity of the air surrounding the circuit breaker is such that there will be no conden-
sation on the circuit breaker parts at any time, and

d) None of the conditions listed in 10.5.2 prevail.

NOTE—When properly applied in metal-enclosed power switchgear or individual enclosures, a circuit breaker will
operate within the limits of ambient temperature of the air surrounding the enclosure as specified in IEEE Std C37.20.1-
2002.

Whenever the service conditions vary from those defined in this clause, consultation between the user and
manufacturer is recommended. Some of the service conditions that may require additional attention are
listed in 10.5.2.

5. Ratings

5.1 Rating information

The rating of low-voltage dc power circuit breakers is a designated limit of operating characteristics based
upon the service conditions of Clause 4 and shall include the following as applicable:

a) Rated maximum voltage(s)
b) Rated continuous current
c¢) Rated peak current

d) Rated short-time current

e) Rated short-circuit current
f)  Rated control voltage(s)

The designated ratings in ANSI C37.16-2000 are preferred, but are not to be considered restrictive.

5.2 Rated maximum voltage

The rated maximum voltage of a circuit breaker is the highest average dc voltage at which it is designed to
perform with a recurring peak voltage no higher than the voltage supplied by a three-phase full-wave bridge
rectifier. The circuit breakers shall be rated at one of the maximum rated voltages as specified in ANSI
C37.16-2000.

5.3 Rated continuous current

The rated continuous current of a circuit breaker is the designated limit of sustained root-mean-square (rms)
current in amperes that it shall be required to carry continuously without exceeding the temperature limita-
tions designated in Clause 7. The preferred continuous current ratings of the various frame sizes are listed in
ANSI C37.16-2000. The rated continuous current of a circuit breaker, which is equipped with direct-acting
trip devices of a smaller rating than the frame size of the circuit breaker, is determined by the rating of those
devices.

4Altitude limits are presently under review by the IEEE Switchgear Committee Common Clause Working Group (C37.100.1).
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