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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE 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 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.

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 technical 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 Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to
whether their adoption may involve patents on articles, materials, or processes. Such adoption does npt assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards
documents.
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Introduction

(This introduction is not a part of IEEE C37.14-1993, IEEE Standard for Low-Voltage DC Power Circuit Breakers Used in
Enclosures.)

IEEE Std C37.14-1979, a needed revision to IEEE Std C37.14-1969, properly recognized the widespread use of solid-
state rectifiers in industry, particularly for the traction power systems that evolved in the 1970s. The basic material for

the standard was developed by the IEEE Working Group of the Low-Voltage Switchgear Devices Subcommittee and

approved by the IEEE Switchgear Committee. 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 this new edition, in reviewing the status of industry applications, laboratory and on-
site short-circuit testing, and new technical analyses, have concluded that certain major changes were necessary.

While it previously appeared that future transit systems would require a 1200 V maximum design rating, this voltage
level never materialized, and it has become obvious that new systems would be best served by dc circuit breakers rated
at 1000 V, but with a higher dielectric withstand level to accommodate certain over-voltage conditions such as
regeneration. Accordingly, an equivalent 1000 V dielectric test voltage level has been assigned to the 800 V rated
circuit breaker and an equivalent 1200 V dielectric test voltage level has been assigned to the re-established 1000 V
rated circuit breaker.

The peak-current multiplier of 1.65 times the sustained current has been maintained in this revision even though it can
be shown that a multiplier of 1.42 can be utilized for the 12-pulse rectifier designs. However, since the 6-pulse rectifier
designs can produce the 1.65 peak and because of unknown future applications with additional and/or replacement
circuit breakers, it was deemed necessary to maintain the 1.65 value.

It is specifically noted, however, that depending on the transformer/rectifier-design impedance coupled with the
primary short-circuit current capacity and a lower dc inductance, it may be possible to obtain a higher peak current
and/or sustained current depending on conditions. This design combination needs to be properly investigated and
applied to prevent overrating of all circuit breakers that cannot be rated higher than the rated peak and sustained
currents listed in the preferred rating tables in ANSI C37.16a.

A new facet of transit application is the need for lower rated circuit breakers for the light-duty transit systems, which
are generally 800 V catenary surface systems. The power requirements are approximately one-half of those of the
heavy-duty transit system, with the rectifier circuit breakers requiring maximum continuous current ratings of 4000 A
and feeder circuit breakers with proportionately lower ratings. Tables 12 and 12A have been replaced with a new table
in ANSI C37.16a that has been revised to reflect a reduced base rating of 4000 kW, lumped, to provide a lower level
design rated circuit breakers, therefore, allowing the use of designs different from those utilized for the heavy-duty
systems.

Additionally, the question of rectifier and feeder circuit breakers being rated identically was addressed in the IEEE
C37.14-1979 appendix, but has now been recognized and addressed in the body of the standard. Specific installation
applications normally differentiate in rating requirements between rectifier 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.

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,” limiting let-through
current to less than the sustained in all cases except in allowing the maximum peak current available to flow on low
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inductance (close-in) faults, and have been so redefined. In addition, any dc circuit breaker must be capable of
handling all short-circuit conditions based on its speed, current interrupted, and circuit energy interrupted as verified
by the short-circuit tests a, b, ¢, and d of tables 11, 11A, and 12 in the latest version of ANSI C37.16a.

Another consideration for this revision was that only one testing sequence was required. 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/conformance. Similar analysis of required testing resulted in the assignment of two (2) sequences in this
standard.

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.

Participants The Accredited Standards Committee on Power Switchgear, C37, which reviewed and approved this
standard, had the following personnel at the time of approval:

T. C. Burtnett, Chair
C. H. White, Secretary
M.B. Williams (Program Administrator)
A.K. McCabe (Executive Vice-Chair of High-Voltage Switchgear Standards)
E.R. Byron (Executive Vice-Chair of Low-Voltage Switchgear Standards)
D.L. Swindler (Executive Vice-Chair of IEC Activities)

Organization Represented
Association of Iron and Steel Engineers

Electric Light and Power Group

Institute of Electrical and Electronics Engineers

National Electrical Manufacturers Association

Tennessee Valley Authority

Name of Representative
(vacant)

R. L. Capra
G. R. Brandenberger (Alt.)
T. E. Bruck (Alt.)
M. J. Eckelkamp
K. D. Hendrix
A. K. McCabe (Alt.)
M. C. Mingoia (Alt.)
J. H. Provanzana
J. D. Stewart
W. E. Laubach
S. Atkinson (Alt.)
R. W. Haas (Alt.)
W. F. Hoenigmann
. G. Kumbera (Alt.)
. M. Larson
. Matulic (Alt.)
. W. Schmunk
. A. Schwalbe
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T. C. Burtnett
. Byron
. T. Jones
. L. Miller (Alt.)
. H. Miller
. Sakats
. L. Swindler (Alt.)
. O. D. Whitt
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D. N. Reynolds
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Testing Laboratory Group L. Frier

W. T. O'Grady
U.S. Department of the Agriculture, REA H. L. Bowles
Western Area Power Administration G. D. Birney
U.S. Department of the Army, Office of the Chief of Engineers J. A. Gilson
U.S. Department of the Interior, Bureau of Reclamation R. Arnold
U.S. Department of the Navy, Naval Construction Battalion Center R. L. Clark

The personnel of the IEEE Working Group of the Low-Voltage Switchgear Devices Subcommittee, IEEE Switchgear
Committee, who developed this document were:

Original Final

R. A. McMaster, Chair W. E. Laubach, Chair
J. Ruckel G. R. Nourse

J. S. Morton R.D. Garzon

R. Lee

W. E. Laubach

The personnel of the IEEE Low-Voltage Switchgear Devices Subcommittee who reviewed and approved this standard

were:
M. T. Brown, Chair
R. J. Alton W. F. Hoenigmann L. H. Schmidt
J. A. Bishop J. M. Jerabek M. D. Sigmon
M. T. Brown W. E. Laubach S. H. Telander
P. P. Clickner A. H. Magee F. C. Teufel
H. L. Hess P. J. Notarian A. Tomeo
G. R. Nourse
The following persons were on the balloting committee:
R. J. Alton L. V. Chabala K. D. Hendrix
J. G. Angelis G. Clary P. L. Kolarik
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L. R. Beard J. J. Davis S. R. Lambert
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IEEE Standard for Low-Voltage DC Power
Circuit Breakers Used in Enclosures

1. Scope

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

a) Stationary or draw-out type of one- or two-pole construction

b) Having one or more rated maximum voltages of 3200 V, 1600 V, 1000 V, 800 V, 325 V, or 300 V for
applications on systems having nominal voltages of 3000 V, 1500 V, 850 V, 750 V, 275 V, or 250 V

¢) Manually-operated or power-operated

d) With or without overcurrent trip devices

NOTE — In this standard, the use of the words “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 C37.16-1988, Preferred Ratings, Related Requirements and Application Recommendations for Low-Voltage
Power Circuit Breakers and AC Power Circuit Protectors.

ANSI C37.16a, Preferred Ratings, Related Requirements and Application Recommendations for Low-Voltage Power
Circuit Breakers and AC Power Circuit Protectors.

ANSI C37.17-1979, American National Standard for Trip Devices for AC and General Purpose DC Low-Voltage
Power Circuit Breakers.

1ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, Nativ Mlork,
NY 10036, USA.

2At the time of publication, ANSI C37.16a, which contains new rating tables critical to this standard, was in the ball@tisy Asoa courtesy to
the user, the draft rating tables are included annex B. The latest draft is available from the National Electrical MamAfsaration (NEMA),
2101 L Street NW, Washington, DC 20037, USA.
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IEEE Std 1-1986, IEEE Standard General Principles for Temperature Limits in the Rating of Electrical Equipment and
for the Evaluation of Electrical Insulation (ANS).

IEEE Std 4-1978, IEEE Standard Techniques for High Voltage Testing (ANSI).

IEEE Std C37.20.1-1987 (Reaff 1992), IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker
Switchgear (ANSI).

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 C37.108-1992.

3.1 circuit breaker, general purpose low-voltage dc poweA circuit breaker that, during interruption, does not limit
the current peak of the available (prospective) fault current, and may not prevent the fault current from rising to its
sustained valuéNote: 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 powerA circuit breaker that, during interruption, limits the current
peak to a value less than the available (prospective) fault cuxietet. This design circuit breaker requires a short-
circuit current rating and may have a short-time current rating assigned.

3.3 circuit breaker, semi-high-speed low-voltage dc powelA circuit breaker that, during interruption, does not
limit the current peak of the available (prospective) fault current on circuits with minimal inductance, but that does
limit current to a value less than the sustained current available on higher inductance Nintetihis design circuit
breaker requires a peak and a short-circuit current rating, and may have a short-time current rating assigned.

3.4 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 rédptecthis

design circuit breaker requires a short-circuit current rating for n-1 rectifiers and a short-time current rating for its own
rectifier.

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

3.5 trip device (opening release), impulseA 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 odli/dt.

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:

a) The temperature of the air surrounding the circuit breaker is not belt@ -5
b) The altitude does not exceed 6600 ft (2000 m)

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes LRog, 1331,
Piscataway, NJ 08855-1331, USA.
“4Information on references can be found in clause 2.
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CIRCUIT BREAKERS USED IN ENCLOSURES IEEE Std C37.14-1992

c) The relative humidity of the air surrounding the circuit breaker is such that there will be no condensation on
the circuit breaker parts at any time
d) None of the conditions listed in 10.5.2 prevalil

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 C37.20.1-1987.

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.T6are 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 crest voltage no higher than that which occurs with a three-phase full wave bridge rectifier. The circuit
breakers shall be rated at one of the maximum rated voltages as specified in ANSI C37.16a.

5.3 Rated continuous current

The rated continuous current of a circuit breaker is the designated limit of sustained current in rms amperes that it shall
require to carry continuously without exceeding the temperature limitations designated in clause 7. The preferred
continuous current ratings of the various frame sizes are listed in ANSI C37.16a. 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.

5.4 Rated peak current

The rated peak current of a circuit breaker is the designated limit of non-repetitive available (prospective) peak
amperes that it shall require to close into and still be able to open and then close. This rating will apply to circuit
breakers having direct-acting instantaneous trip devices active in the direction of the current flow.

5See annex B for new rating tables that are referenced in this standard.
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5.5 Rated short-time current

The rated short-time current of a circuit breaker is the designated limit of available (prospective) sustained current in
rms amperes that it shall require to carry for a period of 250 ms without impairing its ability to operate and perform all
other ratings. This rating will apply both without direct-acting instantaneous trip devices and with current flow in the
non-active direction of polarized direct-acting instantaneous trip devices.

This rating also requires that the circuit breaker be able to withstand a peak current equal to at least 1.65 times the value
of its rated short-time current occurring approximately 8 ms after the start of the current flow.

5.6 Rated short-circuit current

The rated short-circuit current of the circuit breakers is the designated limit of available (prospective) current in rms
amperes they shall be required to perform their short-circuit current duty cycle (0-15 s—CO) at rated maximum
voltage under the prescribed test conditions given in 9.2.7.

5.6.1 General-purpose dc circuit breakers

The preferred ratings are listed in table 8 of ANSI C37.16a.

5.6.2 General-purpose dc circuit breakers for mining operations

The preferred ratings are listed in table 10 of ANSI C37.16a.

5.6.3 Semi-high-speed dc circuit breakers

The preferred ratings are listed in tables 11 and 11A of ANSI C37.16a.

5.6.4 High-speed dc circuit breakers

The preferred ratings are listed in tables 11 and 11A of ANSI C37.16a.

5.6.5 Rectifier dc circuit breakers

The preferred ratings are listed in tables 11 and 11A of ANSI C37.16a.

NOTE — Any applicable type circuit breaker may be utilized to meet table 12 requirements.

5.7 Rated-control voltage

The rated-control voltage is the voltage at which the mechanism of the circuit breaker is designed to operate when
measured at the control power terminals of the operating mechanism with operating current flowing. Rated control
voltages and their ranges for low-voltage power circuit breakers are listed in table 23 of ANSI C37.16-1988.

NOTE — Mining circuit breakers may require control voltage up to 325 V.
6. Functional components

The functional components required for manually and power-operated circuit breakers are listed in table 1. Additional
accessory devices may be available. The manufacturer should be consulted for specific information.
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Table 1— Functional components

General purpose dc circuit breaker$ Rectifier or feeder
Frame size 600 to 6000 A Semi-high-speed and
high-speed dc circuit breakers
Frame size 1200 to 12 000

Operating mechanism type

Functional component Manual Power

=)

a) Direct-acting trip device(s) calibrated i
accordance with ANSI C37.17-1979 Tx Xt —

b) Overcurrent release (trip) in response(to
forward or reverse current flow as
necessary — — Xt

¢) Manual trip device X X X

d) Contact position indicator—in
accordance with 6.2 X X X

e) Manually-operated mechanism, trip-free
with standard operating handle X — —

f) Power-operated mechanism, trip-free,
with anti-pump feature and maintenance

closing device — X X
g) Shunt trip device or opening release

with necessary control auxiliary switcheg — X X
h) Stored energy indicator—in accordange " o o
with 6.3 X X X

i) Locking—in accordance with 6.4 X X X

j) Nameplate(s), with markings, in
accordance with 6.1 X X X

*General-purpose dc circuit breakers for mining applications are not covered in this table; the manufacturer should lefeofisuitional
components.

TAs required by the application.

FManually-operated circuit breakers 3000 A and above shall be furnished with closing mechanisms that provide for onlyrihdegerale
operation.

**Required only on closing mechanisms that provide for stored energy operation when the mechanism can be left in thegitianged po

6.1 Nameplate(s)
The following information shall be given on the nameplates of all circuit breakers when applicable:

a) Manufacturer’s name and address

b) Manufacturer's type of circuit breaker with “high-speed,” “semi-high-speed,” “rectifier,” “feeder,” “general
purpose,” or “mining”

c) Frame size

d) Rated maximum voltage

e) Rated continuous current in rms amperes and type designation of trip devices

f) Rated peak current

g) Rated short-time current

h) Rated short-circuit current

i) Rated control voltage

i) Year of manufacture—by date or code

k) Identification number
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6.2 Contact position indicator
The following colors shall be used:

a) Red background with the word “closed” in contrasting letters to indicate closed contacts
b) Green background with the word “open” in contrasting letters to indicate open contacts

6.3 Stored energy indicator
The following colors shall be used:

a) Yellow background with black lettering to indicate charged mechanism
b) White background with black lettering to indicate discharged mechanism

6.4 Locking

Provisions shall be made for locking the circuit breaker in the open (trip-free) position.

7. Temperature limitations and classification of insulating materials

7.1 Temperature limits

The temperature limits on which the rating of circuit breakers is based are determined by the characteristics of the
insulating materials used and the metals that are used in current-carrying parts and springs.

7.2 Limits of observable temperature rise

The observable temperature rise of the various parts of the circuit breaker above the temperature of the air surrounding
the circuit breaker test enclosure, when subjected to temperature tests in accordance with this standard, shall not
exceed the values given in table 2. This table applies only to a circuit breaker having all contacts silver-surfaced, silver,
silver-alloy, or equivalent, and, in addition, having all conducting joints, moving or fixed, including terminal
connections, either: a) silver-surfaced and held mechanically, b) brazed, welded, or silver-soldered, or c) fixed rigid
mechanical joints surfaced with suitable material other than silver.
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