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Abstract: This amendment specifies the capacitance current switching portion of the rating struc- 
ture for all ac circuit breakers rated above 1000 V, including both outdoor and indoor types having 
preferred ratings listed in ANSI C37.06-2000. The rating structure establishes the basis for all 
assigned capacitance current ratings including overhead line switching, cable switching, capacitor 
bank switching, and back-to-back capacitor bank switching. 
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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 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. 

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 133 1 
Piscataway, NJ 08855-133 1 
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 C37.04a-2003, IEEE Standard Rating Structure for AC High-Voltage Circuit 
Breakers Rated on a Symmetrical Current Basis-Amendment 1 : Capacitance Current Switching.) 

The capacitance current switching standards have been completely revised. A joint IEEE-IEC task force 
developed a revised approach to capacitance current switching standardization. IEC has published this task 
force’s work as part of IEC’s new circuit breaker standard, designated IEC 62271-100:2003 [B2Ia. IEC 
62271-100:2003 superceded IEC 60056: 1987. 

In May 1995 in the interest of harmonization of high-voltage circuit breaker standards, a joint meeting of the 
IEC 17A, the IEEE/PES Switchgear Committee, and the IEEE/PES Substations Committee was held in 
Vienna, VA. One of the outcomes of that meeting was a decision to form a joint IEEE-IEC task force to 
revise the standards for capacitance current switching. The task force was given the IEC designation “IEC 
SC17A WG21 TFlO.” It was agreed that the work of this task force (TF10) would serve as the basis for 
capacitance current switching standards in IEC and IEEE. TF10 had two 2-day meetings-ne in Clamart, 
France, in September 1995 and one in Berlin, Germany, in December 1995. 

TF10 was composed of the following individuals: 

R. O’Leary 
R. W. Alexander 
R. Jeanjean 
D. Dufoumet 
H. Kempen 
P. Riffon 
M. Seeger 
N. Trapp 

IEEE 
IEEE 
IEEE and IEC 
IEEE and IEC 
IEC 
IEC 
IEC 
IEC 

The work of TF10 has been incorporated into the new IEC circuit breaker standard, IEC 62271-100, pub- 
lished in May 2001 (originally IEC 60056:1987) and now in its present edition, IEC 62271-100:2003 [B2]). 
IEEE Std C37.04a-2003 along with IEEE PC37.09a [B4] and a revised set of tables in ANSI C37.06-2000 
[Bl] collectively form the IEEE version that corresponds to the capacitance current switching portion of IEC 
62271-100:2003. Slight modifications to the IEC version have been made to reflect North American prac- 
tice. Additionally, slight modifications to the text have been made for the North American reader, such as 
“ground” has replaced “earth”. Most of the text is the same and certain usage may be unfamiliar, but is 
understandable to the discriminating reader. 

In keeping with IEC circuit breaker standard philosophy, the capacitance current switching ratings have been 
“unbundled.” A “basic” circuit breaker has either an overhead line switching rating (outdoor circuit breaker) 
or a cable switching rating (indoor circuit breaker). Capacitor bank ratings, both single bank and back to 
back, or additional overhead or cable ratings must be specified separately. 

Two classes of circuit breaker regarding restriking performance are specified. “Class Cl”  has a restriking 
performance similar to the old “definite purpose circuit breaker” defined in IEEE Std C37.04-1999 and is 
called low probability of restrike. Class C2 is intended to have a very low probability of restriking of about 
1/10 or less than the probability of a Class C1 circuit breaker. The probability of restrike classification is 
applicable to all rated capacitance current ratings. 

For circuit breakers rated 362 kV and above, a single-phase test voltage factor of 1.4 (recovery voltage of 
2.8 per unit) is required for the overhead line switching test duties. (The 1.4 single-phase test voltage factor 
requirement is only an option in IEC 62271-100:2003 [B2].) The purpose of this requirement is to acknowl- 
edge the long transmission lines and low coefficient of grounding, common in North America. The 1.4 sin- 

ashe numbers in brackets correspond to the numbers of the bibliography in Annex A. 
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gle-phase test voltage factor is an increase from the 1.2 single-phase test voltage factor (2.4 pu recovery 
voltage) requirement in IEEE Std C37.04-1999. For circuit breakers rated 72.5 kV and below, the same 1.4 
single-phase test voltage factor is required for all capacitance current switching duties. The 1.4 single-phase 
test voltage factor is to allow for the many ungrounded systems that exist at 72.5 kV and below. IEC 62271- 
100:2003 [B2] requires this only at 52 kV and below. This is a slight decrease in the requirement for a 1.5 
single-phase test voltage factor (3.0 pu recovery voltage) for capacitance current testing in IEEE Std 
C37.09- 1999. 

ANSUIEEE Std C37.012TM-1979 [B3] is being revised to align with this new approach and to alert the user 
concerning these changes. 
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Participants 

The Accredited Standards Committee on Power Switchgear, C37, which reviewed and approved this amend- 
ment, had the following members at the time of approval: 

T. W. Olsen, Acting Chair 
A. K. McCabe, l4ce Chair, HV Standards 

J. C. Scott, l4ce Chair, LVStandards 
D. L. Swindler, l4ce Chaii; IEC Activities 

N. Ahmad, Co-Secretary 
J. Collins, Co-Secreta y 

Organization Represented 

Electric Light & Power GroupEdison Electric Institute 

Institute of Electrical and Electronics Engineers 

National Electrical Manufacturers Association 

Testing Laboratory (Safety) Group 

Tennessee Valley Authority 

Association of Iron & Steel Engineers 

International Electrical Testing Association (NETA) 

U.S. Department of Agriculture 

U.S. Department of the A r m y q f f c e  of the Chief of Engineers 

U. S. Department of the Navy-Naval Construction Battalion Center 

Western Area Power Administration 
National Electric Contractors Association 

Technical Liaison (nonvoting) 

Name of Representative 

E. M. Worland 
D. E. Galicia 
J. L. Koepfinger 
G. J. Martuscello 
Y. I. Musa 

M. D. Sigmon 
A. Dixon 
J. M. Jerabek 
T. Royster 
J. Wood 
D. J. Lemmerman (alt.) 
R. W. Long 

G. Sakats 
G. T. Jones 
R. W. Long 
T. W. Olsen 
D. L. Stone 

P. J. Notarian 
E. Roseen 

D. N . Reynolds 

(vacant) 

A. Peterson 

H. Bowles 

J. A. Gilson 

D. Mills 

(vacant) 
D. Harwood 

W. E. Laubach 
C. L. Wagner 
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At the time this amendment was approved, the working group has the following membership: 

R. Behl 
S. Billings 
A. Bosma 
J. Brunke 
P. DiLillo 
R. Dotson 
D. Dufournet 
T. Field 
D. L. Galicia 
R. Garzon 
M. T. Glinkowski 

R. W. Alexander, Chair 
K. I. Gray 
C. Hampe 
H. Hirz 
L. Holloman 
R. Jackson 
R. Jeanjean 
S. R. Lambert 
F. Lo Monaco 
R. W. Long 
A. Mannarino 

M. Mcvey 
P. Meyer 
G. F. Montillet 
R. Moore 
Y. I. Musa 
J. H. Nelson 
R. K. Smith 
M. Smith 
R. Sunkara 
C. L. Wagner 
R. York 

The following members of the balloting committee voted on this amendment. Balloters may have voted for 
approval, disapproval, or abstention. 

Roy W. Alexander 
W. J. pi l l )  Bergman 
Stan Billings 
Anne Bosma 
Lyne Brisson 
John Brunke 
Ted Burse 
Carlos L. Cabrera-Rueda 
Guru Dutt Dhingra 
Dufournet Denis 
Alexander Dixon 
Doug Edwards 
Ruben D. Garzon 
Harry Gianakouros 
Keith I. Gray 
Randall C. Groves 
John E. Harder 
Harold L. Hess 
Edward Horgan 

Richard Jackson 
Robert Jeanjean 
Aftab Khan 
Joseph L. Koepfinger 
Thomas LaRose 
Stephen R. Lambert 
Ward E. Laubach 
George N. Lester 
Kyaw Myint 
Antonio Mannarino 
Fortin Marcel 
Nigel P. McQuin 
Gary L. Michel 
Steven Meiners 
Peter Meyer 
Daleep C. Mohla 
Georges F. Montillet 
Yasin I. Musa 
Jeffrey H. Nelson 
Miklos J. Orosz 

Ted W. Olsen 
Hugh C. Ross 
Joseph Rostron 
James Ruggieri 
E. William Schmunk 
Devki Sharma 
David Singleton 
R. Kirkland Smith 
David T. Stone 
Rao Sunkara 
Stanton H. Telander 
Norbert Trapp 
Michael Wactor 
Charles L. Wagner 
Jeffrey Williams 
James W. Wilson 
Larry Yonce 
Richard York 
Janusz Zawaàzki 

When the IEEE-SA Standards Board approved this amendment on 12 May 2003, it had the following 
membership: 

H. Stephen Berger 
Joseph A.Bruder 
Bob Davis 
Richard DeBlasio 
Julian Forster* 
Toshio Fukuda 
Arnold M. Greenspan 
Raymond Hapeman 

Don Wright, Chair 
Howard M. Frazier, Vice Chair 

Judith Gorman, Secretary 
Donald N. Heirman 
Laura Hitchcock 
Richard H. Hulett 
Anant Kumar Jain 
Lowell G. Johnson 
Joseph L. Koepfinger* 
Thomas J. McGean 
Steve M. Mills 

Daleep C. Mohla 
William J. Moylan 
Paul Nikolich 
Gary S. Robinson 
Malcolm V. Thaden 
Geoffrey O. Thompson 
Doug Topping 
Howard L. Wolfman 

*Member Emeritus 
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Also included are the following nonvoting IEEE-SA Standards Board liaisons: 

Alan Cookson, NIST Representative 
Satish K. Aggarwal, NRC Representative 

Savoula Amanatidis 
IEEE Standards Managing Editor 
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IEEE Standard Rating Structure for AC 
High-Voltage Circuit Breakers Rated on a 
Symmetrical Current Basis 

Amendment I : Capacitance Current 
Switching 

NOTE: The editing instructions contained in this amendment define how to merge the material contained herein into the 
existing base standard and its amendments to form the comprehensive standard. 

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace. 
Change is used to make small corrections in existing text or tables. The editing instruction specifies the location of the 
change and describes what is being changed by using s+&&mw& (to remove old material) and underscore (to add new 
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions 
may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make 
large changes in existing text, subclauses, tables, or figures by removing existing material and replacing it with new 
material. Editorial notes will not be carried over into future editions because the changes will be incorporated into the 
base standard. 

3. Definitions 

Replace the text in Clause 3 with the following: 

For this standard, the following terms and definitions apply. 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. IEEE Std C37.100TM-1992 should be referenced for terms not defined in this clause. 

3.1 cable-charging (cable off-load) breaking capacity: Breaking capacity for which the specified condi- 
tions of use and behavior include the opening of an insulated cable operating at no-load. 

3.2 capacitor bank breaking capacity: Breaking capacity for which the specified conditions of use and 
behavior include the opening of a capacitor bank. 

3.3 capacitor bank inrush making capacity: Making capacity for which the specified conditions of use 
and behavior include closing into a capacitor bank. 

3.4 circuit breaker class C1: Circuit breaker with low probability of restrike during capacitive current 
breaking as demonstrated by specific design tests. 
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IEEE 
Std C37.04a-2003 IEEE STANDARD RATING FOR AC HIGH-VOLTAGE CIRCUIT BREAKERS RATED ON A 

3.5 circuit breaker class C2: Circuit breaker with very low probability of restrike during capacitive current 
breaking as demonstrated by specific design tests. 

3.6 line-charging (line off-load) breaking capacity: Breaking capacity for which the specified conditions 
of use and behavior include the opening of an overhead line operating at no-load. 

3.7 restrike performance: Expected probability of restrike during capacitance current interruption as dem- 
onstrated by specified design tests. 

NOTE-Specific numeric probabilities cannot be applied throughout a circuit breaker’s service life. 

5. Ratings 

Replace 5.11 with the following text: 

5.11 Rated capacitance switching currents 

Capacitance switching currents may include part or all of the operating duty of a circuit breaker, such as the 
charging current of an unloaded transmission line or cable or the load current of a shunt capacitor bank. 

The rating of a circuit breaker for capacitance current switching shall include, where applicable, 

a) 
b) 
c) 
d) 
e) 

Rated line-charging breaking current applicable to all outdoor circuit breakers 
Rated cable-charging breaking current applicable to all indoor circuit breakers 
Rated single capacitor bank breaking current 
Rated back-to-back capacitor bank breaking current 
Rated back-to-back capacitor bank inrush making current and frequency 

Preferred values of rated capacitance switching currents are given in Table lA, Table 2A, and Table 3A of 
ANSI C37.06-2000. 

The recovery voltage related to capacitance current switching depends on 

~ The grounding of the system 
~ The grounding of the capacitive load, e.g., shielded cable, capacitor bank, transmission line 
~ The mutual influence of adjacent phases of the capacitive load, e.g., belted cables, open air lines 
~ The mutual influence of adjacent systems of overhead lines on the same route 
~ The presence of single- or two-phase ground faults 

Two classes of circuit breakers are defiied according to their restrike performances: 

~ Class C 1 : low probability of restrike during capacitance current breaking 
~ Class C2: very low probability of restrike during capacitance current breaking 

Each capacitance current switching rating assigned [see item a) through item d) in this subclause] must have 
an associated class (i.e., C1 or C2) with it. 

NOTES 

1-The probability is related to the performance during the series of type tests stated in 4.10 in IEEE PC37.09a and sub- 
sequently in 4.10.1 through 4.10.12. 
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IEEE 
Std C37.04a-2003 SYMMETRICAL CURRENT BASIS-AMENDMENT 1: CAPACITANCE CURRENT SWITCHING 

2-A circuit breaker can be of Class C2 for one kind of application (e.g., in grounded neutral systems) and of Class C1 
for another kind of application where the recovery voltage stress is more severe (e.g., in systems other than grounded 
neutral systems). 

3-Circuit breakers with a restrike probability other than the probability of Class C1 or Class C2 are not covered by this 
standard. 

5.11 .I Rated line-charging breaking current (I,) 

The rated line-charging breaking current is the maximum line-charging current that the circuit breaker shall 
be capable of breaking at its rated voltage under the conditions of use and behavior prescribed in this 
standard. The specification of a rated line-charging breaking current is mandatory for all outdoor circuit 
breakers. 

5.11.2 Rated cable-charging breaking current (I,) 

The rated cable-charging breaking current is the maximum cable-charging current that the circuit breaker 
shall be capable of breaking at its rated voltage under the conditions of use and behavior prescribed in this 
standard. The specification of a rated cable-charging breaking current is mandatory for all indoor circuit 
breakers. 

5.11.3 Rated single capacitor bank breaking current (I&) 

The rated single capacitor bank breaking current is the maximum capacitor current that the circuit breaker 
shall be capable of breaking at its rated voltage under the conditions of use and behavior prescribed in this 
standard. This breaking current refers to the switching of a shunt capacitor bank where no shunt capacitors 
are connected to the source side of the circuit breaker. 

5.11.4 Rated back-to-back capacitor bank breaking current (&) 

The rated back-to-back capacitor bank breaking current is the maximum capacitor current that the circuit 
breaker shall be capable of breaking at its rated voltage under the conditions of use and behavior prescribed 
in this standard. 

This breaking current refers to the switching of a shunt capacitor bank where one or several shunt capacitor 
banks are connected to the source side of the circuit breaker giving an inrush making current equal to the 
rated back-to-back capacitor bank inrush making current. 

NOTE-Similar conditions could apply for switching at substations with cables 

5.11.5 Rated back-to-back capacitor bank inrush making current (Ibi) 

The rated back-to-back capacitor bank inrush making current is the peak value of the current that the circuit 
breaker shall be capable of making at its rated voltage and with a frequency of the inrush current (see 5.11.6) 
appropriate to the service conditions (see Table lA, Table 2A, and Table 3A of ANSI C37.06-2000). Refer to 
IEEE Std C37.012TM-1979 for discussion of the limitations on I b j  magnitude andfbi frequency. 

5.11.6 Rated back-to-back capacitor bank inrush making frequency &i) 

The rated back-to-back capacitor bank inrush making frequency is the maximum inrush current frequency to 
which I b j  (see 5.11.5) applies (see Table lA, Table 2A, and Table 3A of ANSI C37.06-2000). Refer to IEEE 
Std C37.012-1979 for discussion of the limitations on Ib j  magnitude andhi frequency. 
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Introduction 

(This introduction is not part of IEEE Std (237.04-1999, 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 
195 1. 

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. 

2. References-A complete updated listing of references is supplied. 
3. Definitions-No substantial changes. 
4. 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-lhanges 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-lhanges clarify basic dielectric requirements. 
5.5 Rated standard operating duty (standard duty cycle)-lhanged 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 modem 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 extemal delay to account for fault deionization times,on 
power systems. 

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 SO Hz). This 

5.8 Rated short-circuit current and related required capabilities 
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5.9 

5.10 

5.11 

5.12 
5.13 
5.14 
5.15 
5.16 

5.17 

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. 

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. 
Rated operating endurance capabilities-This subclause replaced “Required load current 
switching capability and life.” 
Rated capacitance current switching-This subclause was not changed. Requirements for 
capacitance switching are currently under review by a joint IEEWEC working group. 
Out-of-phase switching current capability-No major changes. 
Shunt reactor current switching capability-References are made to IEEE Std C37.015-1993. 
Rated line closing switching surge factor-No changes. 
Rated control voltage-IEC definitions are incorporated. 
Rated operating pressure for insulation and/or interruption (P,,)-IEC definitions are 
incorporated. 
Rated operating pressure for mechanical operation (P,)-IEC definitions are incorporated. 

6. Construction 
6.1 
6.2 
6.3 

6.4 

6.5 
6.6 
6.7 
6.8 

6.9 
6.10 
6.11 

Outdoor apparatus bushings-References have been updated. 
Creepage distance-References ANSI C37.06- 1997 requirements. 
Mechanical loading-This subclause has been updated to reflect individual mechanical loads 
per EC. 
Pressurized components-Requirements for non-ceramic pressurized vessels have been 
added. 
Pressurized systems-No major changes. 
Gas and vacuum tightness-Requirements have been added that correlate to IEC. 
Functional components-Basic requirements for circuit breakers have been defined. 
Stored energy requirements for operating mechanisms-Basic requirements for stored energy 
are established based upon the time to replenish the stored energy after operation. 
Operating mechanism requirements-Establishes trip-free and anti-pump requirements. 
Electromagnetic compatibility (EMC)-Establishes withstand of secondary systems. 
Requirements for simultaneity of poles-Establishes mechanical requirements in correlation 
with EC. 

iv 

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 lo00 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 Basispreferred Ratings and Related Required Capabilities. 

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).* 

ASME 1998 Boiler and Pressure Vessel Code, Section VIII, Pressure  vessel^.^ 

‘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.stand.ieee.orgI). 
2ANSI publications are available from the Sales Department, Amencan National Standards Institute, 1 1  West 42nd Street, 13th Floor, 
New York, NY 10036, USA (http://www.ansi.orgI). 
3ASME publications are available from the Amencan Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-5990, 
USA (http://www.asme.orgI). 
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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- breaker^.^ 
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 In~ulation.~ 

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 ojîcially recognized and will become part 
of this revision.) 

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

IEEE Std 13 12-1993, 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 Syrn- 
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.6 

41EC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131,3, rue 
de Varembé, CH-1211, Genève 20, SwitzerlancüSuisse (http://www.iec.ch/). IEC publications are also available in the United States 
from the Sales Department, American National Standards Institute, 1 1  West 42nd Street, 13th Floor, New York, NY 10036, USA. 
51EEE 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.standardc.ieee.org/). 
6NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, E n g l e w d ,  Colorado 801 12, USA 
(globai.ihs.com/). 
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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 E E E  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) 
b) 
c) 

d) 
e) 

Where the temperature of the ambient is not above 40 "C or below -30 OC; 
Where the altitude is not above 1000 m; 
Where the effect of solar radiation is not significant (the principles stated in IEEE Std C37.24-1986 
may be used for guidance); 
Where the seismic conditions do not exceed those defined in 6.3.1.3; and 
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): 

For operation (5.17); 
Out-of-phase switching current (5.12), rated maximum voltage (5.1); 
Rated power frequency (5.2); 
Rated continuous current (5.3); 
Rated dielectric withstand capability (5.4); 
Rated standard operating duty (standard duty cycle) (5.5); 
Rated interrupting time (5.6); 
Rated short-circuit current (5.8); 
Rated transient recovery voltage (TRV) (5.9); 
Rated capacitance current switching (5.11) 
(NOTE-Definite purpose is an optional rating.); 
Rated control voltage (5.15); 
Rated operating pressure for insulation andor interruption (5.16); 
Rated operating pressure for mechanical operation (5.17); 
Out-of-phase switching current capability (5.12) (out-of-phase switching current is an optional rat- 
ing that may be assigned where applicable). 

Copyright O 1999 IEEE. All rights reserved. 3 Copyright The Institute of Electrical and Electronics Engineers, Inc. 
Provided by IHS under license with IEEE

Document provided by IHS Licensee=Fluor Corp  no FPPPV per administrator /use
new u/2110503106,  10/05/2004 08:16:25 MDT Questions or comments about this
message: please call the Document Policy Group at 303-397-2295.

-
-
`
,
`
`
,
,
`
,
,
,
,
,
`
`
`
`
,
,
,
`
`
,
,
`
`
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



IEEE 
Std C37.04-1999 IEEE STANDARD RATING STRUCTURE FOR 

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 (16 213 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) 
b) 

c) 

d) 

Circuit breakers are used under the usual service conditions defined in 4.1. 
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. 
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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Nature of the part and material (NOTES 1,2,3) 

Where outdoor apparatus bushings within the scope of IEEE Std C57.19.00-1991 and 

Temperature 
rise at 

(40°C) 

Total 

(“Cl 
temprature ambient 

IEEE Std C57.19.01-1991 are used, the temperature limits in Table 1 do not apply to the bushings. 

Table 1-Limits of temperature and temperature rise for various parts and 
materials of circuit breakersa 

I. Material used as insulation and 
nietal parts in contact with insula- 
:ion of these classes (NOTE 4) 

O 
A 
B 

90 50 
1 o5 65 
130 90 

2. Contacts (NOTE 6) 

I F  

~~ 

Bare copper and bare-copper alloy 

-in air 75 35 
-in SF6 (sulfurhexañouride) 1 o5 65 
-in oil 80 40 
Silver-coated or nickel-coated (NOTE 7) 
-in air 1 o5 65 
-in SF6 105 65 
-in oil 90 50 
Tin-coated (NOTE 7) 
-in air 1 o5 65 

I 155 I 115 

3. Connections, bolted or the equiv- 
alent (NOTE 8) 

C I 220 I 180 
Oil (NOTE 5) I 90 I 50 

-In oil 90 50 
Bare-copper, bare-copper alloy, bare alu- 
minum or bare-aluminum alloy 

4. All other contacts or connections 
made of bare metais or coated with 
other materiais 
5. Terminals for the connection to 

1 -insFr I 105 I 65 

~~ 

-in air 115 75 
-in SF6 115 75 
-in oil 100 60 
Tin-coated 

-in air 105 65 
-in SF6 1 o5 65 
-in oil 100 60 

(NOTE 9) (NOTE 9) 

Bare-comer and bare-comer alloy 90 50 
conductors by screws Or 

bolts (NOTE 10) 

6. Metal parts acting as springs 

I 115 I 75 

._ .. 
Silver-coated, nickel-coated, tin-coated 105 65 
Other coatings (NOTE 9) (NOTE 9) 

(NOTE 11) (NOTE 11) 

-in oil I100 1 60 
Silver-coated or nickel-coated 

aNumbers in parentheses correspond to those in the explanatory NOTES. 
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NOTES TO TABLE 1 

1-According to its function, the same part may belong to several categories as listed Table 1. In this case, the permissi- 
ble maximum values of total temperature and temperature rise to be considered are the lowest among the relevant cate- 
gories. 
2-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. 
3-The temperatures of conductors between contacts and connections are not covered in Table 1, as long as the temper- 
ature at the point of contact between conductors and insulation does not exceed the limits established for the insulating 
material. 
&The classes of insulating materials are those given in IEC 60694 Ed. 2.Ob: 1996. 
5-The top oil (upper layer) temperature shall not exceed 40 OC rise or 80 "C total. The 5 "C and 90 "C values refer to 
the hottest spot temperature of parts in contact with oil. 
&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 .  
7-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: 
c) After the mechanical endurance test; according to the relevant specifications for each piece of equipment. Other- 

wise, the contacts shall be regarded as "bare." 
8-When connection parts have different coatings, the permissible temperatures and temperature rises shall be those of 
the part having the lower value permitted in Table 1. 
9-When materiais other than those given in Table 1 are used, their properties shall be considered in order to determine 
the maximum permissible temperature rises. 
1û-The values of temperature and temperature rise are valid even if the conductor to the terminals is bare. 
1 1-The temperature shall not reach a value where the temper of the material is impaired. 
12-For indoor circuit breakers used on switchgear assemblies, the temperature limits given in IEEE Std C37.20.2-1993 
shall not be exceeded. 

5.3.2.2 Limitations on main contacts 

The temperature of the main contacts used in circuit breakers shall not exceed the values listed in Table 1. 

5.3.2.3 Limitations on connections 

a) 

b) 

The temperature of connections in the main power circuit of a circuit breaker shall not exceed the 
values listed in Table 1. 

Terminais of circuit breakers designed for direct cable connection shall not exceed 45 OC rise or 
85 O C  hottest spot total temperature when connected to an 85 OC maximum insulated cable, rated for 
the full continuous current rating of the circuit breaker. 

Connections of indoor circuit breakers to switchgear assemblies shall conform only to the thermal 
requirements given in IEEE Std C37.20.2-1993. 

c) 

5.3.2.4 Limitations for parts subject to contact by personnel 

Circuit breaker parts handled by the operator in the normal course of duty shall have no higher total temper- 
ature than 50 OC. Circuit breakers having external surfaces accessible to an operator in the normal course of 
duty shall have no higher total temperature on the surfaces than 70 OC. 

5.3.2.5 Limitations on materials 

Materials shall be chosen so that the maximum temperatures to which they may be subjected shall not cause 
accelerated deterioration over the life of the circuit breaker. 
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5.4 Rated dielectric withstand capability 

The rated dielectric withstand capability of a circuit breaker is its voltage withstand capability with specified 
magnitudes and waveshapes of voltage applied under specified conditions. The circuit breaker withstand 
capabilities are demonstrated by compliance with the applicable test requirement in iEEE Std C37.09-1999. 

The rated dielectric withstand capability of a circuit breaker shall include the following: 

a) 
b) 
c) 
d) 
e) 

Dry power frequency withstand voltage for indoor circuit breakers; 
Dry and wet power frequency withstand voltages for outdoor circuit breakers; 
Dry lightning impulse withstand voltage; 
Dry chopped wave impulse withstand voltage (where applicable); and 
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 pri- 
mary 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 E E E  Std 4-1978.) 

5.4.1 Dielectric withstand capability of external insulation 

External insulation shall conform to the performance requirements of this standard, except as noted in the 
following paragraph. 

Bushings classified as outdoor apparatus bushings shall conform to the requirements of 
IEEE Std C57.19.00-1991 and IEEE Std C57.19.01-1991. Other bushings shall conform to the performance 
requirements of this standard. Wet dielectric tests on bushings may be substituted for wet dielectric tests on 
bushings installed on a circuit breaker, because a wet dielectric test on such a breaker affords no additional 
information on adequacy of the design of the interior of the circuit breaker beyond what is revealed by the 
dry power frequency and impulse tests. 

Requirements for the rated dielectric withstand capability of the external insulation of ac high-voltage circuit 
breakers are given in ANSI C37.06-1997. 

5.4.2 Rated power frequency withstand voltage 

5.4.2.1 Dry withstand voltage 

The rated power frequency dry withstand voltage is therms voltage that a circuit breaker in new condition shall 
be capable of withstanding for 1 min when tested under specified conditions (see IEEE Std C37.09-1999). 

5.4.2.2 Wet withstand voltage 

The rated power frequency wet voltage withstand is the rms voltage that an outdoor circuit breaker or exter- 
nal 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). 

5.4.3 Rated lightning impulse withstand voltage 

The rated lightning impulse withstand voltage is the peak value of a standard 1.2 x 50 p s  impulse voltage 
wave, as defined in IEEE Std 4-1978, that a circuit breaker in a new condition shall be capable of withstand- 
ing when tested under specified conditions (see IEEE Std C37.09-1999). 

Copyright O 1999 IEEE. All rights reserved. 7 
Copyright The Institute of Electrical and Electronics Engineers, Inc. 
Provided by IHS under license with IEEE

Document provided by IHS Licensee=Fluor Corp  no FPPPV per administrator /use
new u/2110503106,  10/05/2004 08:16:25 MDT Questions or comments about this
message: please call the Document Policy Group at 303-397-2295.

-
-
`
,
`
`
,
,
`
,
,
,
,
,
`
`
`
`
,
,
,
`
`
,
,
`
`
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



STDsIEEE C37.04-ENGL L999 D 4805702 0574326 266 W 
IEEE 
Std C37.04-1999 IEEE STANDARD RATING STRUCTURE FOR 

NCYîE-The rated values of lightning impulse voltages for circuit breakers have the probability of external fiashover of 
10% or less. As a minimum, this is demonstrated by the test requirements of IEEE Std C37.09-1999. 

5.4.4 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 with- 
standing a standard 1.2 x 50 ps lightning impulse test voltage wave when tested under specified conditions 
(see IEEE Std C37.09-1999). 

5.4.5 Rated chopped wave impulse withstand voltage 

The rated chopped wave impulse withstand voltage is applicable to outdoor circuit breakers of 15.5 kV and 
above. 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 
fiashover of a rod gap or coordinating gap occurs, when tested under specified conditions 

5.4.6 Rated switching-impulse withstand voltage 

The rated switching-impulse withstand voltage is applicable to outdoor circuit breakers having a rated maxi- 
mum voltage of 362 kV and above. The rated switching-impulse withstand voltage is the peak value of the 
standard 250 x 2500 ps switching-impulse voltage wave that a new circuit breaker shall be capable of with- 
standing 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. 

Switching-impulse voltage surges can take many forms-unidirectional, oscillatory, or both simultaneously. 
At the rated switching-impulse withstand voltage, the circuit breaker shall have the probability of external 
flashover to ground of 10% or less. ANSI C37.06-1997 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. 

5.5 Rated standard operating duty (standard duty cycle) 

The standard operating duty of a circuit breaker is 

o - t - CO - t'- CO 

where 

O =Open; 
CO = Close-Open; 
t' = 3 min; 
t = 15 s for circuit breakers not rated for rapid reclosing and 

= 0.3 s for circuit breakers rated for rapid reclosing duty. 

5.5.1 Minimum reclosing time 

The minimum reclosing time of a circuit breaker is 0.3 s. This is the shortest permissible time in which the 
circuit breaker is required to reclose with rated control voltage and rated pressure. It may be necessary to add 
an external time delay to meet specific application requirements (see IEEE Std C37.010- 1999). 
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5.6 Rated interrupting time 

The rated interrupting time of a circuit breaker is the maximum permissible interval between the energizing 
of the trip circuit at rated control voltage and rated operating pressure for mechanical operation, and the 
interruption of the current in the main circuit in ali poles. The interrupting time for a close-open operation 
shall not exceed the rated interrupting time by more than i cycle of rated power frequency for circuit break- 
ers with interrupting times of 5 cycles or more, and 1/2 cycle for circuit breakers with interrupting times of 
3 cycles or less. (Cycles are based on corresponding rated power frequency.) 

5.7 Contact parting time 

The arcing contact parting time shall be considered equal to the sum of 1/2 cycle (practical minimum relay 
time) plus the minimum opening time of the particular circuit breaker specified by the manufacturer (see 
IEEE Std C37.010-1999). 

5.8 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 (5.8.1) to which all required short-circuit capabilities are related. All values apply to both 
grounded and ungrounded short-circuits on predominantly inductive three-phase circuits, with rated power 
frequency and phase-to-phase recovery voltage equal to the rated maximum voltage. 

5.8.1 Rated short-circuit current 

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 5.8.2, 
the highest currents that the circuit breaker shall be required to close and latch against, to carry, and to inter- 
rupt. For numerical values of rated short-circuit current, refer to the tables of preferred ratings in 
ANSI c37.06-1997. 

5.8.2 Required related capabilities 

The circuit breaker shall have the required related capabilities described in 5.8.2.1 through 5.8.2.5. 

5.8.2.1 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 operat- 
ing duty cycle, and with a direct current component of less than 20% of the current value of the symmetrical 
component. 

5.8.2.2 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 (Ir) 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 (correspond- 
ing to x/R values of 17 and 14 for 60 Hz and 50 Hz, respectively) and an assumed relay time of 1/2 cycle, as 
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illustrated in Figure 1. The elapsed time shown in Figure 1 is equal to the sum of 1/2 cycle of relay time (on 
the basis of the applicable rated power frequency) plus the contact opening time of the circuit breaker. 

O 10 20 30 40 5 0  60 70 80 90 100 

ELAPSED TIME ( t 1 FROM FAULT INITIATION To CONTACT PART m 

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 and the direct current component of the current, expressed as a percentage of the peak value of 
the symmetrical current, Zsym, in accordance with the following formula: 

I ,  = z s y r n / q  

NOTE-For time constants greater than 45 ms, see IEEE Std C37.09-1999 and IEEE Std C37.010-1999. 

5.8.2.3 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 cur- 
rent) is equal to or less than 2.6 for 60 Hz power rated frequency or 2.5 for 50 Hz power rated fre- 
quency times the rated short-circuit current; and 

Carrying a short-circuit current (short-time current), Z, for a period of time as specified in 
ANSI C37.06-1997 under the list of preferred ratings. These time durations establish the maximum 
permissible tripping time delay, Y, for each circuit breaker group. 

b) 

5.8.2.4 Required reclosing capability 

Derating factors for 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. 

5.8.2.5 Service capability duty requirements 

The circuit breaker shall be capable of the following interrupting performance: 
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a) Between 85% and 100% of its required asymmetrical interrupting capability at its operating voltage, 
three standard duty cycles (O - 15 s - CO - 3 min - CO or O - 0.3 s - CO -3 min - CO for circuit 
breakers intended for rapid reclosing); 

Between its rated continuous current and 85% of its required asymmetrical interrupting capability, a 
number of operations in which the sum of the currents is a minimum of 800% of the required asym- 
metrical interrupting capability of the circuit breakers at its operating voltage. 

b) 

5.9 Rated transient recovery voltage (TRV) 

At its rated maximum voltage, each circuit breaker shall be capable of interrupting three-phase grounded and 
ungrounded terminal faults at the rated short circuit current in any circuit in which the TRV does not exceed 
the rated TRV envelope (see IEEE Std C37.011-1994). 

Each TRV rating is defined for a three-phase circuit breaker. 

5.9.1 Rated TRV parameters 

The TRV rating for a three-phase circuit breaker is defined by an envelope of required withstand capability. 
The parameters that define the envelope are based on the characteristic features of actual system TRVs. 

5.9.1.1 Circuit breakers rated below 100 kV 

For circuit breakers rated below 100 kV, the rated TRV is represented by a l-cosine wave, as shown in 
Figure 2. The magnitude of this wave, E,, for interrupting rated short circuit current, is equal to 

E, = K , x K , x -  J z x v  
.J3 

where 

Ka 
Kf 
V = rated maximum voltage. 

= transient amplitude factor = 1.54; 
= first pole-to-clear factor = 1.5; 

Since systems below 100 kV may be operated ungrounded, a first pole-to-clear factor of 1.5 is required. 

Thus, 

E, = 1.88xV 

which is the rated value of E2 as given in ANSI C37.06-1997 and ANSI C37.06.1-1997. 

(3) 
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The rated time to peak of the I-cosine wave, E,, varies with circuit breaker rated voltage, as given in 
ANSI C37.06-1997 and ANSI C37.06.1-1997. 

B 

Figure 2-1 -cosine TRV waveform 

5.9.1.2 Circuit breakers rated 1 O0 kV and above 

For circuit breakers rated 100 kV and above, the rated TRV waveshape is defined by the higher of an expo- 
nential waveform and a 1-cosine waveform, as shown in Figure 3. The magnitude of the exponential compo- 
nent, E,, is 

E, = Kf x ( ~ )  3 x V 

where 

Kf = first pole-to-clear factor = 1.3; 

or 

Since most, if not all, systems operating at 100 kV and above are effectively grounded, a first pole-to-clear 
factor of 1.3 is required. 

The rate of rise of the exponential component, R, has been established as 2 kV/ps, as shown in ANSI 
C37.06- 1997. 

The rated magnitude of the exponential cosine component, E2, in ANSI C37.06-1997 is 

E, = K,xK~x($)xV 
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Below 
100 kV 

100 kV and 
above 

E, = 1.4 x 1.3 x - x V = 1.49 x V ($1 

1 -cos 1.88xV SeeANSI NA NA NA 
Figure 2 C37.06-1997 

EXP-COS 1.49xV See ANSI See ANSI 1.06xV See ANSI 
Figure 3 C37.06-1997 C37.06-1997 C37.06-1997 

NOTE-A transient amplitude factor of 1.4 is used for circuit breakers rated 100 kV and above, instead of the 1.54 value 
used for circuit breakers rated below 100 kV. 

The rated times to peak of the 1-cosine component, T2, vary with circuit breaker rated voltage, as given in 
ANSI C37.06-1997. 

Figure 3 shows a slight delay, TI,  in the initial build-up of the TRV wave. This delay is due to the capaci- 
tance of the circuit breaker, faulted bus, and any other connected equipment. The rated values of TI  are 
shown in ANSI C37.06-1997 and ANSI C37.06.1-1997. TI does not apply to circuit breakers rated below 
100 kV. 

Figure 3-Exponential-cosine TRV waveform 

The rated TRV parameters are summarized in Table 2 and are further described in IEEE Std C37.011-1994. 

Table 2-Rated TRV parameters 

Breaker I Envelope I rating 
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5.9.2 Related required transient voltage withstand capabilities 

5.9.2.1 Fault currents other than rated 

The circuit breaker shall be capable of interrupting short-circuit currents that are less than the rated short-cir- 
cuit current. This requires withstanding a TRV envelope where the E2 value is higher and the T2 time is 
shorter than the values corresponding to the rated short-circuit current. 

The related TRV envelopes are defined by the factors shown in ANSI C37.06-1997. Figure 4 illustrates this 
effect for circuit breakers rated below 100 kV, and Figure 5 shows the same for circuit breakers rated 100 kV 
and above. 

Note that as the current is decreased, E2 is increased and T2 is decreased. For circuit breakers rated 100 kV 
and above, the rate of rise, R, first increases as the current decreases; then a point is reached where a further 
decrease in current causes a decrease in R, until at 30% of rated current and below, the exponential-cosine 
wave changes to a 1-cosine wave. 

1.17xE2, 

1.13xE2 

1.07xU 

1.oxE2 

U I K  

V 
O 
L 
T 
A 
G 
E 

O 

0.6 x I F R  

'.n Current 

O 0.4 x T2 ObxTZ TZIK 1RxT2 
TIME 

Figure 4-TRV envelopes lo0 kV and below 

14 Copyright 63 1999 IEEE. All rights reserved. 
Copyright The Institute of Electrical and Electronics Engineers, Inc. 
Provided by IHS under license with IEEE

Document provided by IHS Licensee=Fluor Corp  no FPPPV per administrator /use
new u/2110503106,  10/05/2004 08:16:25 MDT Questions or comments about this
message: please call the Document Policy Group at 303-397-2295.

-
-
`
,
`
`
,
,
`
,
,
,
,
,
`
`
`
`
,
,
,
`
`
,
,
`
`
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~~ ~~ 

STD-IEEE C37-04-ENGL 1999 4805702 0574333 4Tb 

AC HIGH-VOLTAGE CIRCUIT BREAKERS 

i .  17xE2 
1.1 3xE2 

1.07xE2 

V 
O 
L 
T 
A 
G 
E 

E2 

El  

O 

IEEE 
Std C37.04-1999 

0.6 x I Y 

0.2xTZ 0.5xT2 T1 TIME T2 

Figure 5-TRV Envelopes above 100 kV 

5.9.2.2 Short line faults 

Outdoor circuit breakers rated 15.5 kV and above shall be capable of interrupting single-phase, shortline 
faults at any distance from the circuit breaker, on a system where 

a) 
b) 

The TFW on a terminal fault is within the rated or related TRV envelope. 
The voltage in the first ramp of the sawtooth wave is equal to or less than that in an ideal system in 
which the surge impedance, Z, and amplitude constant, d, are 450 Q and 1.6, respectively (see 

There is a time delay of 0.5 p s  for circuit breakers rated 245 kV and above, and 0.2 p s  for circuit 
breakers rated below 245 kV. 

IEEE Std C37.09-1999). 
c) 
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The TñV for this shortline fault is illustrated in Figure 6. The voltage, V,,, represents the source side tran- 
sient which, for purposes of this illustration, is indicated as an exponential-cosine with a time delay, k, 
starting at an initial voltage of V C ~  

Figure 6 shows that there is a time delay of the lineside recovery voltage as a result of the capacitance of 
apparatus on the lineside. 

t = o  

O 

Figure 6-Shortline fault terminology 

5.9.2.3 Initial TRV 

Circuit breakers rated 100 kV and above, with rated short-circuit currents of 31.5 kA and above, shall have 
an initial TñV capability for phase-to-ground faults as defined by the envelope shown in Figure 7. 

t 
O > 

L 

Exponentiai-cocine 

\ 

Time- 

Figure 7-Initial TRV Envelope 

-5 
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The initial TRV envelope rises linearly from the origin to the first peak voltage, Ei, at time Ti (see Table 3). 
The first peak voltage and the time to the first peak voltage are determined by the fault current, bus surge 
impedance, bus wave velocity, and the distance from the circuit breaker to the first major discontinuity of bus 
surge impedance. 

NOTE-AS an example, the first major discontinuity of bus surge impedance may be a lumped capacitance of lo00 pF 
or more connected to the bus or a reduction of the bus surge impedance (Le., the interconnection of two or more buses or 
lines). The apparent wave velocity is approximately 280 d p s  for outdoor substations. 

The times to first peak voltage, Ti, for phase-to-ground faults are given in Table 3. 

Table 3-Time to first peak of initial TRV 

The first peak voltage, Ei, is 

voltage peak voltage 
(Ti Pd 

170 10.5 

245 10.6 
362 10.8 I 
550 11.0 I 
800 11.1 I 

Ei = o x & x I x Z , x T , x  10-6(kV) 

where 

Z, (the bus surge impedance) = 450 SL (outdoor substations, phase-to-ground faults only); 
Ti is in microseconds; 
I is in kA; 
o = 2nf (see IEEE Std C37.09-1999). 

For breakers installed in gas-insulated substations, the initial TRV can be neglected because of low bus surge 
impedance and small distances to the first major discontinuity. 

5.1 O Rated operating endurance capabilities 

The rated operating endurance capabilities specified in ANSI C37.06-1997 are the types and numbers of 
complete closing-opening operations that the circuit breaker shall be capable of performing. The frequency 
of user operation shall not exceed 20 in 10 min or 30 in 1 h. 

5.1 1 Rated capacitance current switching 

NOTE-Requirements for capacitance switching are currently under review by a joint IEEWIEC Working Group. 
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Capacitance current switching may comprise part or all of the operating duty of a circuit breaker, such as the 
charging current of an unloaded transmission line or cable or the load current of a shunt capacitor bank. 
Refer to ANSI C37.06-1997 for capacitance current switching preferred ratings. 

The rating of a circuit breaker for capacitance current switching shall include 

a) 
b) 
c) Rated transient overvoltage factor. 

Rated overhead line switching current (outdoor circuit breakers only); 
Rated isolated cable or isolated shunt capacitor bank switching current; and 

Where applicable, the rating of a circuit breaker for capacitance current switching may include 

a) 
b) 

Rated back-to-back cable charging and back-to-back shunt capacitor bank switching current; and 
Required capacitance current switching endurance capability. 

5.1 1.1 Rated overhead line switching current 

The rated overhead line switching current is the highest open wire line charging current that an outdoor cir- 
cuit breaker shall be capable of interrupting up to its rated maximum voltage. 

5.1 1.2 Rated isolated cable and isolated shunt capacitor bank switching current 

The rated isolated cable and isolated shunt capacitor bank switching current is the highest isolated cable 
charging or isolated shunt capacitor bank current that the circuit breaker shall be capable of interrupting up 
to its rated maximum voltage. 

Cable circuits and shunt capacitor banks shall be considered to be isolated if the maximum rate of change of 
transient inrush current on energizing an uncharged capacitor bank does not exceed the maximum rate of 
change of the symmetrical current interrupting capability of the circuit breaker at the applied voltage. The 
limiting value of the maximum rate of change of current is 

where 

düdt = rate of change of transient inrush current (in amperes per second); 
I = rated symmetrical short-circuit current (in amperes); 
w = 2nf = 377 for 60 Hz. 

5.1 1.3 Rated transient overvoltage factor 

The rated transient overvoltage factor shall be determined as indicated in IEEE Std C37.09-1999 and shall 
be as described in 5.1 1.3.1 and 5.11.3.2. 

5.1 1.3.1 General purpose circuit breakers 

For general purpose circuit breakers, the transient overvoltage factor shall not exceed 3.0. 

5.1 1.3.2 Definite purpose circuit breakers for capacitor switching 

For circuit breakers specially suited for capacitor switching, the transient overvoltage factor shall not exceed 
the following more than once in 50 random, three-phase operations: 
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a) 
b) 

2.5 for circuit breakers rated below 100 kV; and 
2.0 for circuit breakers rated 100 kV and above. 

5.1 1.4 Rated back-to-back cable charging and back-to-back shunt capacitor bank switching 
current 

The rated back-to-back cable or back-to-back shunt capacitor bank switching current is the highest cable 
charging or shunt capacitor bank current that the circuit breaker shall be required to switch at any voltage up 
to the rated maximum voltage, when other cables or shunt capacitor banks are connected to the system in 
parallel with the one being switched. 

5.1 1.5 Rated transient inrush current 

The rated transient inrush current for back-to-back switching includes the components described in 5.1 1.5.1 
and 5.11.5.2. 

5.1 1.5.1 Rated transient inrush current peak 

The rated transient inrush current peak is the highest magnitude of current that the circuit breaker shall be 
required to close into any voltage up to the rated maximum voltage. The inrush current peak shall be as 
determined by the system, unmodified by the circuit breaker. 

5.1 1.5.2 Rated transient inrush current frequency 

The rated transient inrush current frequency is the highest natural frequency present at which the circuit 
breaker shall be required to close against 100% of its rated back-to-back shunt capacitor bank or cable 
switching current. 

5.1 1.6 Required capacitance current switching endurance capabilities 

The required capacitance current switching endurance capabilities are the number of operations specified in 
ANSI C37.06-1997. There shall be no intentionally added inductance to ground on the disconnected side of 
the circuit breaker. 

5.1 1.7 Grounding of system and shunt capacitor bank 

Either or both the shunt capacitor bank and system can be grounded or ungrounded. 

5.1 2 Out-of-phase switching current capability 

Since the out-of-phase switching duty is required for only certain circuit breaker applications, it is not con- 
sidered necessary to include this as a standard rating for general purpose circuit breakers. 

This rating applies to circuit breakers intended to be used for switching the connection between two parts of 
a three-phase system during out-of-phase conditions. Out-of-phase is an abnormal circuit condition of loss 
or lack of synchronism between parts of an electrical system on either side of a circuit breaker. The phase 
angle between rotating vectors representing the voltages on either side of the circuit breaker at the instant of 
its operation may differ by as much as full-phase opposition. 

5.12.1 Assigned out-of-phase switching current rating 

The assigned out-of-phase switching current rating is the maximum out-of-phase current that the circuit 
breaker shall be capable of switching at a rated power frequency out-of-phase recovery voltage equal to 
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2 times the rated maximum voltage divided by & for grounded systems, and 2.5 times the rated maximum 
voltage divided by J? for ungrounded systems (see IEEE Std C37.09-1999). If a circuit breaker has an 
assigned out-of-phase switching current rating, the preferred rating shall be 25% of the rated (symmetrical) 
short-circuit current expressed in kA, unless otherwise specified. 

5.1 2.2 Interrupting time for out-of-phase switching 

The interrupting time for out-of-phase switching is permitted to exceed the rated interrupting time by 

a) 
b) 

50% for five or more cycle circuit breakers; 
One cycle for three or fewer cycle circuit breakers. 

5.1 3 Shunt reactor current switching capability 

This applies to circuit breakers intended for switching shunt reactors. Since shunt reactor switching is 
required for only certain circuit breaker applications, it is not included as a standard rating for general pur- 
pose circuit breakers. 

IEEE Std C37.015-1993 can be used to evaluate the shunt reactor switching application for specific circuit 
breakers. 

5.14 Rated line closing switching surge factor 

The rated line closing switching surge factor is the rated value assigned to a circuit breaker rated 362 kV and 
above (rated maximum voltage), which has been specifically designed to control the line closing switching 
surge maximum voltage. The rating establishes that the circuit breaker is capable of controlling line closing 
switching surge voltages with a 98% probability of not exceeding the rated factor when switching the stan- 
dard reference transmission line from the standard reference power source. Furthermore, all of the line clos- 
ing switching surge factors shall remain below 1.2 times the rated line closing switching surge factor when 
switching the standard reference line with the standard reference source (see ANSI C37.06-1997, IEEE Std 
C37.09-1999, and iEEE Std C37.010-1999.) 

5.15 Rated control voltage 

The rated control voltage of a circuit breaker is the designated voltage as specified by Table 9 of ANSI 
C37.06-1997. The transient voltage in the entire control circuit, due to the intenuption of the control current, 
shall be limited to 1500 V, peak. 

5.1 6 Rated operating pressure for insulation and/or interruption (PE) 

The pressure in Pascals (Pa), for insulation and/or for interruption, refers to the standard atmospheric air 
conditions of +20 OC and 101.3 Wa (absolute) (or density), which may be expressed in relative or absolute 
terms, to which the assembly is filled before being put into service or automatically replenished. 

NOTE-I Pa = 1.45 x lo4 psia 

5.1 6.1 Alarm pressure for insulation andor interruption 

The pressure in Pascals, for insulation and/or for interruption, refers to the standard atmospheric air condi- 
tions of +20 OC and 101.3 kPa (absolute) (or density), which may be expressed in relative or absolute terms, 
at which a monitoring signal may be provided to indicate that replenishment is necessary. 
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5.1 6.2 Minimum operating pressure for insulation and/or interruption 

The pressure in Pascals, for insulation andor for interruption, refers to the standard atmospheric air condi- 
tions of +20 "C and 101.3 kPa (absolute) (or density), which may be expressed in relative or absolute terms, 
which represents the lower limit below which the circuit breaker rated performance and capabilities are no 
longer available and where the circuit breaker is locked-out. 

5.17 Rated operating pressure for mechanical operation (Prm) 

The pressure in Pascals refers to the standard atmospheric air conditions of +20 "C and 101.3 kPa (absolute) 
(or density), which may be expressed in relative or absolute terms, to which the control device (operating 
mechanism) is filled before being put into service or automatically replenished. 

5.1 7.1 Alarm pressure for mechanical operation 

The pressure in Pascals refers to the standard atmospheric air conditions of +20 "C and 101.3 Wa (absolute) 
(or density), which may be expressed in relative or absolute terms, at which a monitoring signal may be pro- 
vided to indicate that pressure replenishment for the control device (operating mechanism) is necessary. 

5.17.2 Minimum operating pressure for mechanical operation 

The pressure in Pascals refers to the standard atmospheric air conditions of +20 "C and 101.3 Wa (absolute) 
(or density), which may be expressed in relative or absolute terms, which represents the lower limit of pres- 
sure for proper operation of the control device (operating mechanism). 

6. Construction 

6.1 Outdoor apparatus bushings 

Bushings that are classified as apparatus bushings used on oil circuit breakers shall conform to 
E E E  Std C57.19.00-1991 and IEEE Std C57.19.01-1991. Bushings for dead tank oil circuit breakers shall 
have electrical characteristics and dimensions in accordance with IEEE Std C57.19.W- 1991. Bushing 
mountings shall be adequate to accommodate bushings having the maximum D dimension specified in 
IEEE Std C57.19.01-1991. 

6.2 Creepage distance 

Creepage distance over external insulation for outdoor circuit breakers is listed in ANSI C37.06- 1997. These 
minimum values are for light pollution level conditions of atmospheric contamination and represent gener- 
ally satisfactory service operations under these conditions. For special cases of pollution, refer to 
IEEE Std C37.010-1999 or to the manufacturer. 

6.3 Mechanical loading 

This subclause applies to outdoor circuit breakers. For indoor circuit breakers, the requirements of 
IEEE Std C37.20.2-1993 apply. 
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~ ïtateàmaximum 1 ïtateàcontinuous 1 

IEEE 
Std C37.04-1999 

' voltage current 
Longitudinal (N) Transverse (N) Vertical (N) 

Below 100 kV 1200 A and below 500 400 500 
Above 1200 A 750 500 750 

123 kV to 170 kV 2000A and below loo0 750 750 

IEEE STANDARD RATING STRUCTURE FOR 

245 kV 

6.3.1 Circuit breaker 

Above 2000 A 1250 750 loo0 

All 1250 1000 1250 

The maximum permissible mecha.nica1 loading that may be applied to a circuit breaker is as described in 
6.3.1.1 through 6.3.2. All other mechanical loading is considered special, and application shall be checked 
with the manufacturer. 

6.3.1.1 Wind loading 

The circuit breaker shall be capable of withstanding a wind speed of 40 m/s. This requirement is only appli- 
cable to outdoor circuit breakers. 

6.3.1.2 Ice loading 

The circuit breaker shall be capable of withstanding ice loading caused by up to 20 mm of ice. This require- 
ment is only applicable to outdoor circuit breakers. 

6.3.1.3 Seismic loading 

All circuit breakers shall be capable of withstanding at least 0.2 times the equipment weight applied in one 
horizontal direction, combined with O. 16 times the weight applied in the vertical direction at the center of 
gravity of the circuit breaker and support structure (see NEMA SG-4-1995). The resultant load shall be com- 
bined with the maximum normal operating load to develop the greatest stress on the anchorage. 

For guidance in the application of circuit breakers, where the seismic conditions exceed those described 
here, refer to EEE Std C37.010-1999 and EEE Std 693-1997. 

6.3.2 Terminal loading 

The maximum permissible terminal mechanical loading that may be applied to an outdoor circuit breaker is 
given as static forces in Table 4 (see Figure 8). All other terminal loading in excess of these values is consid- 
ered special, and application shall be checked with the manufacturer. The user shall consider all forces act- 
ing on the conductors connected to the terminals. These forces include: wind, ice, seismic, and short-circuit 
forces. 

Table &Terminal mechanical loading 

Static horizontal force I I Static vertical 
forcea 

avertical axis forces are upward and downward. 
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T T 

T T 

Static Horizontal Forces 
L = Longitudinal 

//* 
Static Vertical Forces 

T = TGsverse 

Figure &-Direction of terminal mechanical loading forces 

6.4 Pressurized components 

6.4.1 Metal vessels 

All metal vessels, except those having internal or external operating gas pressure not exceeding 207 kPa 
(absolute) (with no limitation on size), or those having an inside diameter not exceeding 152 mm (with no 
limitation on pressure), shall be tested in accordance with the A S E  1998 Boiler and Pressure Vessel Code, 
Section VIU. Pressure Vessels, and any state and local codes that apply at the point of original installation. 

6.4.2 Porcelain components 

If porcelain is used in the circuit breaker, the porcelain shall satisfy the test requirements of 
IEEE Std C37.09-1999. 

6.4.3 Non-ceramlc pressurized vessels 

6.4.3.1 Non-isolating pressure vessels 

All non-ceramic insulating gas storage bottles, receivers, and pressure vessels that neither electrically isolate 
nor separate high-voltage elements of 1000 V or higher shall be designed to meet the requirements of the 
ASh4E 1998 Boiler and Pressure Vessel Code, Section X, Fiber-Reinforced Plastic Pressure Vessels, and of 
any state and local codes that are applicable at the point of original installation of the equipment. 

6.4.3.2 isolating pressure vessels 

All pressurized vessels, insulators, and tubes consisting of non-ceramic insulating components, which elec- 
trically isolate or separate high-voltage elements of 1000 V or higher; have an internal-to-external or exter- 
nal-to-internal differential gas pressure exceeding 207 kPa (absolute) (15 psig); and have an inside diameter 
exceeding 152 mm (6 in); shall be individually tested as indicated in IEEE Std C37.09-1999. 

6.5 Pressurized systems 

Each gas system on a circuit breaker shall have an ASE-approved safety or relief valve set to operate to 
relieve pressure at a value not exceeding the maximum allowable working pressure of the system. Such 
valve shall be designed to prevent the pressure from rising more than 20% above the maximum allowable 
working pressure. 
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If a gas system that includes pressurized porcelains, epoxies, or other brittle materials is subjected to sub- 
stantial rates-of-rise of pressure caused by exposure to abnormal events or sources of heat, additional over- 
pressure relief set at 20% above maximum allowable working pressure shall be provided by one of the 
following or its equivalent: 

a) Rupture diaphragm; 
b) Large area relief piston; 
c) Spring-clamped construction; or 
d) Design for controlled rupturing. 

When a pressurized metal vessel of an interconnected system of metal and porcelain elements is provided 
with a device qualifying under the above, this device may be used to protect the interconnected system. Any 
porcelain, epoxy, or other brittle materials that are pressurized shall be protected by the overpressure relief 
device. 

NOTE-By agreement between the user and the manufacturer, the requirement for an ASME-approved safety or relief 
valve may be exempted for closed gas systems that have a gas volume sufficiently large so as to limit the gas pressure 
rise to less than 1.5 times the design pressure in the event of an uncontrolled arc for a time period limited by relay oper- 
ation. 

6.6 Gas and vacuum tightness 

6.6.1 Closed pressure systems for gas 

A closed pressure system for gas is a volume that can be replenished only periodically by manual connection 
to an external gas source. The tightness characteristic of a closed pressure system stated by the manufactur- 
ers shall be consistent with a minimum maintenance and inspection philosophy. The maximum leakage rate 
of a closed pressure system for gas shall be less than 1% per year. 

6.6.2 Sealed pressure systems 

A sealed pressure system is a volume for which no further gas or vacuum processing is required during the 
expected operating life. 

6.7 Functional components 

The functional components required for basic circuit breaker operation and use are listed below. Additional 
accessory devices may be available and the manufacturer should be consulted. 

6.7.1 Contact position indicator 

A reliable mechanical contact position indicator, which can easily be read by the local operator, shall be sup- 
plied. The following colors shall be used: 

a) 
b) 

Red background with the word “closed” in contrasting letters to indicate closed contacts; and 
Green background with the word “open” in contrasting letters to indicate open contacts. 

6.7.2 Operations counter 

An operations counter shall be supplied. The preferred arrangement for this device is to operate during the 
opening cycle of the circuit breaker operation. 
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6.7.3 Power-operated mechanism 

The mechanism shall be tip-free and have an anti-pump feature (for definitions, see 6.9 and IEEE Std 
C37.100- 1992). 

6.7.4 Shunt release (trip) device with necessary control auxiliary switches 

A shunt release coil with necessary control auxiliary switches shall be capable of tripping the circuit breaker 
when any voltage throughout the control voltage range is applied (see ANSI C37.06-1997). 

6.7.5 Stored energy indicator 

A stored energy indicator that can easily be read by the local operator shall be supplied. For stored energy 
systems using compressed gas, a pressure gauge shall be supplied. For stored energy systems using springs, 
a reliable indicator with the following colors shall be provided: 

a) 
b) 

Yellow background with black lettering to indicate “charged” mechanism; and 
White background with black lettering to indicate “discharged” mechanism. 

6.7.6 Manual releases 

Indoor circuit breaker mechanisms shall have a manual release to OPEN the circuit breaker, and a manual 
release to CLOSE the circuit breaker. They shall be labeled clearly so that a local operator can easily read 
and operate them. Manual releases for outdoor circuit breaker mechanisms, if provided, shall meet the same 
requirements described in 6.7.5. 

Manual releases shall have the following colors: 

a) 

b) 

Red background with the word “open” and/or “trip” in contrasting letters to indicate that the release 
opens the circuit breaker; and 
Green or black background with the word “close” in contrasting letters to indicate that the release 
closes the circuit breaker. 

6.7.7 Functional interlocking components-indoor drawout circuit breakers 

All indoor drawout circuit breakers shall have the necessary drawout position (racking) and mechanism 
interlocks, primary and secondary disconnects, primary insulation, and control wiring to fully correlate and 
coordinate with IEEE Std C37.20.2- 1993 requirements. 

6.8 Stored energy requirements for operating mechanisms 

Operating mechanism stored energy requirements depend on time to recharge after a CO (close-open) oper- 
ation of the circuit breaker. Mechanism recharging requirements given in Table 5 are the maximum permis- 
sible recharging times for recharging the operating mechanism to restore rated conditions of energy storage 
(Le., spring charge, pneumatic pressure, hydraulic pressure, etc.) after one CO operation starting at rated 
conditions. Rated control voltages shall be used in determining the recharge time. 

6.9 Operating mechanism requirements 

a) The circuit breaker operating mechanism(s) shall be designed so that the tripping function shall pre- 
vail over the closing function. 
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Max recharging time Stored energy 
after CO operation requirements I 

Table +Energy storage requirements of operating mechanisms 

I 
I 3 0 m i n  I FourCO I 

Over 30 min Five CO 1 

Max recharging time 
after CO operation 

15 s 

30 s 

30 min 

Over 30 min 

Stored energy 
requirements 

OCOa 

Two COb 

Four CO 

Five CO 

When a tripping signal (mechanical or electrical) is received while a closing operation is being exe- 
cuted, even if the closing signal (mechanical or electrical) is maintained, the following shall apply: 

15 s 

30 s 

If the closing signal is applied simultaneously with the tripping signal (mechanical or electri- 
cal) or if the tripping signal is applied after the closing signai', the circuit breaker contacts shall 
be permitted to close or touch momentarily. 

If the tripping circuit is completed through the circuit breaker auxiliary switch contact(s) (or 
other electronic devices), electrical tripping devices will not be energized until after the auxil- 
iary switch contacts have closed and the circuit breaker main contacts are permitted to close or 
touch momentarily. 

If the mechanical tripping signal is applied and held prior to the application of a closing signal 
(mechanical or electrical), the circuit breaker contacts shall not be permitted to close, even 
momentarily. It may be necessary for the mechanism to release energy during such an opera- 
tion. However, movement of the contacts shall not reduce the open gap by more than lo%, nor 
shall it reduce the rated dielectric withstand capability for the contact gap, and the contacts 
shall come to rest in the fully open position. 

OCOa 

Two COb 

b) The anti-pump function, as defined in IEEE Std C37.100-1992, shall be provided as required in 

Operating mechanism components shall be capable of up to 30 CO operations per hour, as long as 
available mechanism energy exists, without exceeding thermal or mechanical limitations. This 
requirement is based on mechanical capability and does not imply stored energy capability (see 
Table 5). 

IEEE Std C37.11-1997. 

c) 

6.10 Electromagnetic compatibility (EMC) 

The secondary system shall be able to withstand transient voltage disturbances up to 1500 V without damage 
or malfunction. This applies to normal operation and under switching conditions, including interruption of 
fault currents in the main circuit. The secondary system consists of the following: 

a) 
b) 
c) 

Control and auxiliary circuits, including circuits in control cubicles; 
Equipment for monitoring, diagnostics, etc., that is part of the circuit breaker; 
Circuits connected to the secondary terminals of instrument transformers. 

6.1 1 Requirements for simultaneity of poles 

When no special requirements with respect to simultaneous operation of poles is stated, the maximum differ- 
ence between the instants of contacts touching during closing shall not exceed 1/4 of a cycle of rated power 
frequency. 
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When no special requirement with respect to simultaneous operation of poles is stated, the maximum differ- 
ence between the instants of contacts separating during opening shall not exceed 1/6 of a cycle of rated 
power frequency. 

Circuit breakers with an intentional delay between poles need special consideration. Circuit breakers with 
operations after a single-pole operation are not subject to these requirements. 

7. Nameplate markings 

The following minimum data, when applicable, shall appear on the nameplates of each circuit breaker. 

7.1 Circuit breaker 

Circuit breaker and operating mechanism nameplates may be combined. 

Manufacturer’s name; 
Manufacturer’s type designation; 
Manufacturer’s serial number; 
Year of manufacture; 
Rated maximum voltage; 
Rated power frequency; 
Rated continuous current; 
Rated full wave lightning impulse withstand voltage; 
Rated switching-impulse withstand voltages 
1) Terminal-to-ground circuit breaker closed; 
2) Terminal-to-terminal circuit breaker open; 
Rated operating duty cycle; 
Rated interrupting time; 
Rated short-circuit current; 
Percent dc component; 
Short time current duration; 
Normal operating pressure; 
Minimum operating pressure; 
Volume of oil per tank or weight of gas per circuit breaker; 
Weight of circuit breaker complete (with oil or gas); 
Instruction book number; 
Parts list number; 
Ratings for capacitance current switching 
1) 
2) 
3) 
4) 
5) 
Rated out-of-phase switching current. 

Rated overhead line charging current; 
Rated isolated cable and isolated shunt capacitor bank switching current; 
Rated back-to-back cable and isolated shunt capacitor bank switching current; 
Rated transient inrush current peak; 
Rated transient inrush current frequency; 

7.2 External insulation 

The rated dielectric withstand of the external insulation shall be included on the circuit breaker nameplate, 
except when it is a self-contained component, such as a bushing or current transformer; then it shall be 
included on the nameplates of the component (see ZEEE Std C57.19.00-1991 for bushings). 
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7.3 Operating mechanism 

Operating mechanism and circuit breaker nameplates may be combined. 

Manufacturer’s name; 
Manufacturer’s type designation; 
Manufacturer’s serial number; 
Year of manufacture; 
Closing control voltage range; 
Tripping control voltage range; 
Closing current; 
Tripping current; 
Compressor or hydraulic pump or spring charging motor control voltage range; 
Compressor or hydraulic pump or spring charging motor current; 
Compressor or hydraulic pump control switch closing and opening pressure (if applicable); 
Low-pressure a lam switch closing and opening pressure (if applicable); 
Low-pressure lockout switch closing and opening pressure (if applicable); 
Wiring diagram number; 
Instruction book number; 
Parts list number. 

7.4 Current transformers and linear coupler transformers 

Nameplates located at respective terminal blocks are as follows: 

Manufacturer’s name; 
Manufacturer’s type designation; 
Rated power frequency, if other than 50 Hz or 60 Hz; 
Accuracy class; 
Connection chart showing 
1) Full winding development; 
2) Taps; 
3) 
4) Polarity; 
5) Pole and pocket location; 
Instruction book number; 
Curve sheet number; 
Mutual reactance (for linear coupler transformers only); 
Self-impedance (for linear coupler transformers only) 
1) Resistance; 
2) Reactance; 
3) Impedance. 

Ratio in terms of primary and secondary currents; 

7.5 Accessories 

Nameplates of all accessories shall include the following: 

a) Identification; 
b) Pertinent operating characteristics. 
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7.6 Instruction and warning signs 

Essential markings shall be provided to 

a) 
b) 
c) 
d) 

Identify operating devices and positions; 
Give pertinent instructions for operation; 
Call attention to special precautions; 
Call attention to environmental warnings. 
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