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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
development 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 without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development 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
damage, 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
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned
to check to determine that they have the latest edition of any IEEE Standard.

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
competent 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
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except
in those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

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
Piscataway, NJ 08854

USA

NOTE—Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, 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 C37.012-2005, IEEE Application Guide for Capacitance Current
Switching for AC High-Voltage Circuit Breakers.

This application guide is a revision of IEEE Std C37.012-1979. This revision reflects the changes made to
the capacitive current switching requirements and test procedures stated in IEEE Std C37.04a™? and
IEEE Std C37.09™.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/stan-
dards.ieee.org/reading/icee/updates/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Interpretations

Current interpretations can be accessed at the following URL: http:/standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this application guide may require use of subject
matter covered by patent rights. By publication of this application guide, 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 or patent applications for which a license may be required to implement an IEEE stan-
dard or for conducting inquiries into the legal validity or scope of those patents that are brought to its
attention.

Participants

This application guide was developed by the High-Voltage Circuit Breaker Subcommittee of the IEEE
Power Engineering Society (PES) Switchgear Committee. The following is a list of the participants in the
Revision of C37.012 Working Group at the time this application guide was completed:
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Denis Dufournet Franco Lo Monaco E. J. O’Donnell

K. Edwards R. W. Long H. Melvin Smith

Leslie Falkingham Antonio Mannarino R. Kirkland Smith

T. E. Field C. L. Wagner
4nformation on references can be found in Clause 2.

Documents

Copyright © 2005 IEEE. All rights reserved. Docuntént Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

The following members of the individual balloting committee voted on this application guide. Balloters may

have voted for approval, disapproval, or abstention.

Roy Alexander
Marcos Andrade
Edwin Averill
Behdad Biglar
Wallace Binder
Anne Bosma

Lyne Brisson
Steven Brown
Chih Chow
Tommy Cooper

R. Daubert
Matthew Davis
Guru Dutt Dhingra
Jerome DiSciullo
Denis Dufournet
Doug Edwards
Amir El-Sheikh
Gary Engmann
Leslie Falkingham
Rabiz Foda
Marcel Fortin
Harry Gianakouros
Mietek Glinkowski

Keith Gray

Randall Groves
Erik Guillot
Kenneth Hanus
John E. Harder

lan Harvey

Edward Horgan Jr.
David Jackson
Richard Jackson
Robert Jeanjean
Joseph L. Koepfinger
Alan Kollar
Stephen R. Lambert
Thomas LaRose
John Leach

Jason Lin

Franco Lo Monaco
R. W. Long
Gregory Luri
Antonio Mannarino
Peter Meyer

G. Michel

Georges Montillet
Charles Morse
Yasin Musa

Art Neubauer

T. W. Olsen
Miklos Orosz
David Peelo

Tony Picagli
Johannes Rickmann
Michael Roberts
Surya Santoso
Devki Sharma

H. Jin Sim

H. Melvin Smith
James E. Smith
R. Kirkland Smith
Rao Sunkara
Stanton Telander
Norbert Trapp
Charles Wagner
Tom Wandeloski
James Wilson

Jan Zawadzki

When the IEEE-SA Standards Board approved this application guide on 9 June 2005, it had the following

membership:

Mark D. Bowman
Dennis B. Brophy
Joseph Bruder
Richard Cox

Bob Davis

Julian Forster*
Joanna N. Guenin
Mark S. Halpin
Raymond Hapeman

*Member Emeritus

Steve M. Mills, Chair
Richard H. Hulett, Vice Chair
Don Wright, Past Chair
Judith Gorman, Secretary

William B. Hopf T. W. Olsen

Lowell G. Johnson Glenn Parsons
Herman Koch Ronald C. Petersen
Joseph L. Koepfinger* Gary S. Robinson
David J. Law Frank Stone

Daleep C. Mohla Malcolm V. Thaden
Paul Nikolich Richard L. Townsend

Joe D. Watson
Howard L. Wolfman

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

v

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative
Alan H. Cookson, NIST Representative

Don Messina
1IEEE Standards Project Editor

Documents
Copyright © 2005 ILEE. All nghtdesgweent Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

Contents

1 OVETVIBW ...ttt ettt ettt et e h et sttt ettt eb e bt bbbt s bt et ea b emtebeeb e bt e bt et e e bt e bt e bt e b e s b e ntenaenee 1
Lol S0P ettt ettt bttt ettt ettt e b e bt e e et e bt e et e e bt e sabeenbeesebeebeenaees 1

1.2 PUIPOSE. ..ttt et ettt et b e ettt e st e et e s et s bt e bt e s a bt e b e e et e e bt e st e ebeesebeebeenates 1

2 NOTIMALIVE TEIETENICES ...ttt ettt st sttt et eb e eb bt bbbt e neen 1
3 GEMETAL. ...ttt bttt a bbbt b e s bbbt a et b et b bbbt bbb naenee 2
4. General theory of capacitive current SWItChINg ..........cccvecvevieeieriesieiieieeiee e 3
4.1 De-energization of capacitive 10adS........ccecvevveriieiiirieiicieie et 3

4.1.1  Capacitor DANKS. ........ccuieeieiieieie ettt ettt st sttt sa et e nneenaeens 3

4.1.2 NO-10ad CADIES ....euiiiieiiiieieieteee ettt et 6

4.1.3  No-load overhead lINES .........ccccoeririirieniiieiriee e e 8

4.1.4 Voltage factors for capacitive current SWitChing testS ..........cceeevervrerererieereeiereeiennenns 11

4.2 Energization of capacitiVe L0AAS .........ccveruieieriiiieii ettt ens 13

4.2.1  Capacitor DANKS. ........ccveiiieiieiieieeit ettt ettt ettt e e e s e s neesbeeneesreesaeseesaenseens 14

422 CADIES .ttt ettt be e ten 18

4.2.3 Energization and re-energization of overhead [ines ..........c.ccoevvevirvierinrienencienieieienns 24

5. General application CONSIACTALIONS .........ccveevierierrieiertieierieeteteeeeteereese e eaesseesseseessessesseessesssensenses 26
6. Capacitance current switching application cOnSIderations ...........c..cceevverreeciereecreneerieneereesseesessenenes 26
6.1 Maximum voltage for apPliCAtION. ........cceiircieriieieiieiee ettt sttt eesaessaenseenees 26

0.2 FTOQUEIICY ....vieiiiiiieiieette sttt et ettt st et e s et e bt e s abesateesebeenseesateenbeesaeesabeensaensseenns 26

6.3 Rated CAPACTEIVE CUITENL.....ecuveivieeieteeeietietteteettesteeteessesteesaesseesseseessesseessessesssessesssessessesssesnsesses 26

6.3.1 Overhead lines and Cables. .........cccciiriririinieieieiiccee e 26

6.3.2  Capacitor and filter DanKs ...........ccocevieriirieiiicieieiee et e 27

6.4 Voltage and grounding conditions of the NetWorK...........ccevvevieriieciiniiiiicee e 27

6.5 REStrIKe PErfOrMANCE ......ieiiiieeieiieiiesie ettt ettt sa e sre b e te e s e e teesbeeseeseesseeseesenseas 28

6.6 Class Of CIMCUIL DICAKET ......cc.eiuirieiiieieieecterer ettt s 28

6.7 INLETTUPLING TIIMNIC ..evvivienieeeieieetieeie st etesteeteste et e steesaesaeeseesaeesaessesssessasssesseassesseeseessesseessesseessansens 29

6.8 Transient overvoltages and overvoltage mitation...........ccecveecveriiecieniiecieneeeeee e 29

6.8.1  OVEIVOITAZES ....eoveivieeiiieeie ettt ettt ettt et sb e eseesaeesbesbeesbebeessesseessanseessenseens 29

6.8.2  Overvoltage lIMITAtiON .........ccevviieeriiiieeieiieieeieee ettt sseete b e seesbeereessesseenseseas 30

6.9 No-load 0Verhead IINES ...........ccoiiiriirierieieee ettt 30

6.9.1  Line Char@ing CUITENL..........ccueruirierriiieieitieteeteeteeteetesseessesseessesseessessesssessesseessesseessenses 30

6.9.2 Compensated OVerhead [INES ............ccuerierieriieieiiieieie et eae s eeas 32

6.9.3 No-10ad line reCOVErY VOILAZE....ceevvieieiiiieiieiieiieiete ettt ea et ere s ereesseeeas 32

6.10 CaPACIOr DANKS.....c.eiiiiiiieieiteiectieie ettt et e ste et esteeaesbeesbesbeesbesseessessesseesseessessesssesseessansens 32

6.10.1 Capacitor DANK CUITENL........ccuiriieieirieieieeieteeteei et etesteeee e eaesreessebeessesbeessessesseesseenas 32

6.10.2 Methods for calculating transient inrush CUrrents............cccoevevvereeierieeceeseeiesreeeene s 33

0. 11 CaDIES......eeeiteet ettt h bbbkttt ettt b bt aeeaeebesbesaenean 38

6.11.1 Cable INTUSN CUITENL. ....ceeiiiiiiiietiitere ettt s 38

6.11.2 Alternate CONTIGUIATIONS .....ccveevirrieriiriieiieiteeeetectete e et e eteeaesteeeaesbeesaesaeessessaessesseeseenns 38

6.12 Switching through transformers...........cceviieviiiieiiiiice e 39

6.13 UNUSUAL CITCUIS «..euvintiriiiieeiesieeiiesteete ettt ettt ettt st e bbb sbe et bt et sbeeaesbeeneenbeas 40

6.13.1 Exposure to transient iNTUSh CUITENTS.........cccvieriieeriieriieiiieieerie e 41

6.13.2 Exposure to total capacitor bank discharge current.............ccoeevevvieierieecienieeenreeiene 41

6.13.3 Exposure to capacitive switching duties during fault switching...........cccccceecverveenennne. 43

Documents

Copyright © 2005 IEEE. All rights reserved. Docum¥nt Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

(O 5 5 =To o (Y Ve AR RROPRRRRROINE 43

6.15 Effect OF TECLOSIINE .. cuvieuiiieeeie ettt ettt sttt et et ene et e e neeaesseeneeenean 43
6.16 Resistor thermal HMItAtionS ........coveoverieieiriiniineeieieteceee ettt st 44
6.17 Application considerations for different circuit breaker types .........cccceveeeerierienieieneeeerenee. 44
6.17.1 Oil CITCUIL DIEAKETS. ...c.eeueeureiienieiieiiiienteetestere ettt ettt s 44
6.17.2 Vacuum Circuit BIEAKEIS .......ccceciriiriiririiriirieieictctetetnese sttt 45
6.17.3 Sulfur hexafluoride (SF6) circuit breakers ..........cceecvieriieeieeiiierieeieesee e e 45
6.17.4 Air-blast circuit Breakers ......c.cccecereririnininiiicicicteenes ettt 46
7. Considerations of capacitive currents and recovery voltages under fault conditions........................ 46
7.1 Voltage and CUITENt fACLOTS ........ecuiiuierieiiieieeie ettt ettt ettt st et te e st e s eneesaeeneensesneas 46
7.2 Reasons for these specific tests being non-mandatory in the standard.............ccooceeviviecennnnee. 46
7.3 Contribution of a capacitor bank to @ fault ...........cccoceeviriiininininic e 47
7.4 Switching overhead lines under faulted conditions ............coccvevveiieeicrieiniinininnrccceee 47
7.5 Switching capacitor banks under faulted conditions .........c..cccecevverinenienenenecnninneece 48
7.5.1  Reference CONAITION .....cceveiriririiriiriintitetet ettt ettt ettt ettt st 49
7.5.2  Fault to neutral in one phase (one capacitor bank phase short-circuited)...........c..c....... 49
7.5.3 Fault to ground in 0ne Phase.........c.ccveririerieiiiiinineneetereccetet et 50
7.5.4  Other fatlt CASES. ....c.eeeririiriinieriertetct ettt ettt ettt 50
7.6 Switching cables under faulted cONItiONS ........c.cccevririeririinininncccceeee e 50
7.7 Examples of application alterNatiVes .........c.cecererieeeirerinineneneeetetetet e 50
Annex A (informative) BiblIOZraphy ........ccccoioeriiriiiiiiiirir et 51
Documents
vi Copyright © 2005 ILEE. All nghtdesgwent Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

Figures

Figure 1—Single-phase equivalent circuit for capacitive current interruption ............cocceeeveereeenerierenenennens 3
Figure 2—Voltage and current shapes at capacitive current interruption .........c..coeeeevevereeeeenenenenenenennen 4
Figure 3—Voltage and current wave shapes in the case of @ restrike .........coceoeevervrininieneninciineeene 5
Figure 4—Theoretical maximum voltage buildup by successive restrikes .........coovvviererierieeieneeieieeieeee 5
Figure 5—Recovery voltage of the first pole-to-clear at interruption
of a three-phase ungrounded capacitive 10ad..........cc.eeieriiriieniieieieecee e 6
Figure 6—Cross section of a high-voltage cable..........ccoociiviiiirieiiicieieeteee e e e 7
Figure 7—Screened cable with equivValent CITCUIL .........couivtiririirieieiiiee et 8
Figure 8—Belted cable with equiVAIENt CITCUIL .....c.ervertiuieiriiriirterereeetee ettt 8
Figure 9—Recovery voltage peak in the first pole-to-clear as a function of C1/C0, delayed interruption of the
SCCOMNA PRASE ....vieeieiieiiecieete et ete et e e et et e et e bt e st e seeseesseesaesseesseeseessenseasseeseansesseensesssenseessensenssenseassanseansenseansenes 9
Figure 10—Typical current and voltage relations for a compensated line..........ccccocevevenenencnieiieicncnenenn. 10
Figure 11—Half cycle Of r€COVETY VOILAZE .....ecvvevieiieiieiiee ettt ettt et saesreesaenne s 11
Figure 12—Recovery voltage on first pole-to-clear for three-phase interruption:
capacitor bank with isolated neUtral (50 HZ) .......ccveieiieiiiieierecee et 13
Figure 13—Paralle]l capacitor DANKS ..........coeueieiiiriririiee ettt s s 15
Figure 14—Typical circuit for back-to-back SWItChINg .........ccccceririririnininiieceee e 20
Figure 15—Equivalent circuit for back-to-back cable SWitching..........c.cccecevirininininiiiceeceeee 22
Figure 16—Bank-to-cable SWItChING CITCUIL.......ccueiiiriirtirtiitiitieeee ettt st 23
Figure 17—Equivalent bank-to-cable SWItChing CITCUIL.........c.ceeriririeriniirieieieteeeee e 23
Figure 18—Energization of no-load lines: basic phenomena............c..coeverieieieieiiiencieene e 25
Figure 19—Pre-insertion resistors and their fUNCHON. ...........cociviriririninie e 25
Figure 20—Example of the recovery voltage across a filter bank circuit breaker ..........c.cocevevveiicncnennnn. 27
Figure 21—RMS charging current versus system voltage
for different line configurations at 60 HZ ............cceiiriiiiieiiieieiiciee ettt ae e esaesreesnens 31
Figure 22—Typical circuit for back-to-back SWItChING .........ccccceririeiieieiieiiiir e 34
Figure 23—Example of 115 KV SYSTEIM c..ocuiiuiiiiiiiiieieiieiieteeeiert ettt st et 36
Figure 24—Voltage and current relations for capacitor switching
through Interposed tranSTOIMET........cc.oiiiiiieieiece ettt ste e e steesseeteesseeseessesseeneas 40
Figure 25—Station illustrating large transient inrush currents through circuit breakers from parallel capacitor
DAINKS e e h bbb bbbt a et e a e bbbt e e et et et et e bt e bt ebeebe b e 42
Figure 26—Fault in the vicinity of @ capacitor bank ............cccoeveieriiicieniiiieie et 47
Figure 27—Recovery voltage and current for first pole-to-clear
when faulted phase is the Second POle-t0-CLEAT..........c.cccirieriiiiiiieieie ettt 48
Figure 28—Reference CONAItION .......c.ceiiiiiiiiiririeeieite ettt sttt ettt ebe s 49
Documents
Copyright © 2005 IEEE. All rights reserved. Docurﬁiént Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

Tables

Table 1—Voltage factors for single-phase capacitive current SWitching tests..........coceceevererrererenerenennenn 12
Table 2—Inrush current and frequency for switching capacitor banks
Table 3—Typical values of inductance between capacitor banks ...........cceecveveeriecieneecieniieiee e
Table 4—Frequency and current amplitude relations...........ccccueveeieriieiesiieiee e

Documents

viii Copyright © 2005 ILEE. All nghtdesgwent Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

IEEE Application Guide for
Capacitance Current Switching for
AC High-Voltage Circuit Breakers

1. Overview

1.1 Scope

This application guide for capacitance current switching applies to ac high-voltage circuit breakers rated in
accordance with IEEE Std C37.04™! and listed in ANSI Std C37.06. It is intended to supplement
IEEE Std C37.010™., Circuit breakers rated and manufactured to meet other standards should be applied in
accordance with application procedures adapted to their specific ratings.

1.2 Purpose

This guide is intended for general use in the application of circuit breakers for capacitance current switching.
Familiarity with other American National Standards applying to circuit breakers is assumed, and provisions
of those standards are indicated in this guide only when necessary for clarity in describing application
requirements.

2. Normative references

The following referenced documents are indispensable for the application of this application guide. For
dated references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

ANSI Std C37.06, American National Standard for AC High-Voltage Circuit Breakers Rated on a Symmet-
rical Current Basis — Preferred Ratings and Related Required Capabilities.2

nformation on references can be found in Clause 2.

2ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

Documents

Copyright © 2005 IEEE. Al rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

IEEE
Std C37.012-2005 IEEE APPLICATION GUIDE FOR CAPACITANCE CURRENT SWITCHING

IEEE Std C37.04™ IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.> 4

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

IEEE Std C37.010™, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Symmetri-
cal Current Basis.

3. General

Capacitive currents are encountered in the following cases:
—  Switching of no-load overhead lines
—  Switching of no-load cables
—  Switching of capacitor banks

—  Switching of filter banks

Interruption of capacitive currents is generally a light duty for a circuit breaker because the currents are nor-
mally a few hundred amperes. There is, however, a probability that restrikes will occur. Restrikes may lead
to undesirable overvoltages or high-frequency transients affecting power quality in the network and may
also cause damage to the breaking unit.

Energization of capacitive loads may lead to overvoltages or high currents. Two such cases are the switching
of parallel capacitor banks and the switching of no-load lines.

The testing is designed to be representative of the service conditions up to the point of clearing, reigniting, or
restriking. Because the actual value of overvoltage and transient response is totally system dependent, tests
cannot replicate these effects. By providing a means of assessing the likelihood of restrike occurrence, users
can determine what best suits their application. It is assumed that because capacitor switching is not the only
source of overvoltage, other protection systems are employed; and in the case of unacceptable power quality
for sensitive electronic equipment, a sufficiently low number of likely events are selected. A separate study
of actions relative to power quality on energization should also be made.

In the selection of the rating for the circuit breaker for capacitive current switching, the following needs to
be considered:

a)  Application, i.e., overhead line, cable, capacitor bank, or filter bank
b) Power frequency of the network
¢) Grounding situation of the network

d) Presence of single- or two-phase-to-ground faults

From the application, the restrike performance class of the circuit breaker can be determined (C1 or C2) as
well as the mechanical endurance class (M1 or M2). The grounding situation of the network and the pres-
ence of single- and two-phase-to-ground faults are important factors that determine the recovery voltage
across the circuit breaker, which, in turn, determines the test voltage of the circuit breaker.

The general theory of capacitive current switching is given in Clause 4, and the application and testing con-
siderations are given in Clause 5, Clause 6, and Clause 7.

3EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

“The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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4. General theory of capacitive current switching

4.1 De-energization of capacitive loads
4.1.1 Capacitor banks

The single-phase equivalent circuit shown in Figure 1 may be used to illustrate the conditions when de-
energizing a capacitor bank.

- C
C Capacitive load (capacitor bank) U.  Voltage across the capacitor bank (rms)
Cq Source side capacitance I Capacitive current (rms)
U Source voltage (rms) Ug  Voltage on source side of the circuit breaker (rms)
Up Voltage across the circuit breaker (rms) Lg Source inductance

Figure 1—Single-phase equivalent circuit for capacitive current interruption

4.1.1.1 Capacitive current

The capacitive current /; flowing in the circuit is given by Equation (1).

wsCxU  wsCxU

7. = = (1
¢ 1—a)52LSC 1- wfsz
wIZ
with
wg = 271, where f is the system frequency (Hz)
o = 1 = 27f;, where f; is the inrush current frequency (Hz) (see also 4.2.1)
LsC
With @, >> @y, Equation (1) transforms to /. = wgCxU .
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4.1.1.2 Recovery voltage

Figure 2 shows the current and voltage shapes at interruption.

[J’r

Figure 2—Voltage and current shapes at capacitive current interruption

After interruption of the current, the supply side voltage U, will be more or less unaffected. There is only a
minor decrease in amplitude, associated with the disappearance of the capacitive load. The transition to the
new amplitude value is associated with a slight oscillation, the frequency of which is determined by Ly and
Cs.

From the moment the current is interrupted, the charge of the capacitor bank C is trapped. The voltage U,
will, therefore, remain constant at the value it had at current zero (namely, the peak value of the supply
voltage).

Together with the low current amplitude to be interrupted, the low initial rate-of-rise of the recovery voltage
makes it extremely easy for the circuit breaker to interrupt. Some circuit breakers may interrupt even if the
current zero would occur immediately after contact separation. Half a cycle after current zero, the recovery
voltage has risen to an amplitude of no less than twice the peak value of the supply voltage. From this, it can
easily be seen that a rated frequency of 60 Hz is more severe than 50 Hz. The circuit breaker may then not be
able to withstand the high value of the recovery voltage across a relatively small contact gap. Dielectric
breakdown may occur between the contacts, and current would start to flow again.

Figure 3 shows current and voltage wave shapes in a case where voltage breakdown occurs relatively close
to the recovery voltage peak. The load side voltage will swing up to a voltage that ideally (without damping
present) reaches three times the supply voltage peak up. The oscillation frequency of the current and voltage
after the breakdown is determined by Lg and C (assuming C = Cy). The circuit breaker may easily interrupt
the current again at one of its current zeros, with the result that the voltage across the capacitor may attain a
new constant value, perhaps higher than before. Further breakdowns associated with even higher overvolt-
ages across the load may then occur (see also Figure 4).

Voltage breakdowns at capacitive current interruption are divided into two categories:
a) Reignitions: Voltage breakdown during the first 1/4 cycle following current interruption.

b) Restrikes: Voltage breakdown 1/4 of a cycle or more following current interruption.

Documents

4 Copyright © 2005 ILEE. All nghtdesgvedznt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-2005


http://www.avadocuments.com/doc/ieee-c37-012-2005
http://www.avadocuments.com/doc/ieee-c37-012-2005

FOR AC HIGH-VOLTAGE CIRCUIT BREAKERS

RESTRIKE

IEEE
Std C37.012-2005

Figure 3—Voltage and current wave shapes in the case of a restrike

50

———
40
3.0 -
CAPACTOR VOLTAGE
20
CIRCUIT-BREAKER
w RECOVERY
5 1.0 | VOLTAGE_|_
'8 / s { .~
> Y Y
_E | 1}
5 o 1 1] 3 M 1
§-1.n L LI~ A & 0
SOURCE
VOLTAGE
20 |
3.0 L —J

Key: 1 p.u. is the peak value of the phase-to-ground voltage.

Figure 4—Theoretical maximum voltage buildup by successive restrikes

Another phenomenon, which has been observed predominantly on vacuum circuit-breakers, may occur dur-
ing capacitive current and short-circuit breaking current tests, but also at lower currents and voltages. This

phenomenon is known as a non-sustained disruptive discharge (NSDD).

An NSDD is defined as a disruptive discharge associated with current interruption that does not result in the
resumption of power frequency current or, in the case of capacitive current interruption, does not result in
current at the natural frequency of the circuit.

NOTE—Oscillations following NSDDs are associated with the parasitic capacitance and inductance local to, or of, the

circuit breaker itself. NSDDs may also involve the stray capacitance to ground of nearby equipment.

Copyright © 2005 IEEE. All rights reserved.
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Restrikes will lead to overvoltages across the capacitive load (maximum 3 p.u. for a single restrike, where
1 p.u. is the peak value of the phase-to-ground voltage) while reignitions will not produce any overvoltages
(maximum 1 p.u. theoretically). Reignitions are acceptable, but they may cause power quality problems, as
they represent a temporary short circuit.

In reality, there are no restrike-free circuit breakers. It would take an infinite number of test shots to verify
this. For this reason, the concept of restrike performance was introduced in IEEE Std C37.04a.

When interrupting small capacitive currents, some circuit breaker types may exhibit current chopping. Cur-
rent chopping is a distortion of the current prior to current zero and is usually caused by the high arc voltage.
Different types of circuit breakers have varying degrees of current chopping.

Current chopping will cause an interruption prior to the current zero of the power frequency current. In other
words, the trapped charge on the capacitive load will not be at its peak. This case results in a lower recovery
voltage peak and a lower stress on the contact gap of the circuit breaker.

The recovery voltages in three-phase circuits are more complicated than in the single-phase case. Figure 5
shows as an example the recovery voltage of the first pole-to-clear in a case with an ungrounded capacitive
load. For the first pole-to-clear, the recovery voltage initially has a shape that would lead to a peak value
equal to three times the supply voltage peak (dotted line). When the two last poles interrupt 90° after the
first, there is, however, a discontinuity in the slope; and the final peak value for the first pole-to-clear is 2.5
times the supply voltage peak (see also 4.1.4).

35

Recovery voltage (p.u.)

0 20 40 80 a0 100 120 140 160 180 200

Angle (electrical degrees)

Figure 5—Recovery voltage of the first pole-to-clear at interruption
of a three-phase ungrounded capacitive load

4.1.2 No-load cables
4.1.2.1 Cable charging current

The cable charging current is a function of the following characteristics:
—  System voltage

—  Cable geometry
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— Insulation dielectric constant
— Cable length

The shunt capacitive reactance can be obtained from the cable manufacturer; or, if the physical constants of
the cable are known, the shunt capacitive reactance can be calculated (see Gabrielle, et al. [B6])5 . For sin-
gle-conductor and three-conductor shielded cables (for the different cable configurations, see Figure 8 and
Figure 7), the shunt capacitive reactance can be written as shown in Equation (2).

Figure 6—Cross section of a high-voltage cable

X = wlni (MQ per phase per km)6 2)
fs€r e
where
fs is the system frequency (Hz)
& is the dielectric constant of cable dielectric material (F/m)
T is the inside radius of shield (mm)
7o is the conductor radius (mm)

Using the capacitive reactance, the cable charging current can be calculated and compared with the rated
cable charging current of the circuit breaker given in ANSI Std C37.06. If the calculation exceeds the rating,
the manufacturer should be consulted. Before an application can be made, the inrush current rating should
also be checked (see 6.11.1).

4.1.2.2 Recovery voltage

The recovery voltage is equal to that of a capacitor bank (see 4.1.1.2).

SNumber in brackets correspond to the numbers in the bibliography in Annex A.

“When using the quantity megaohm per phase per kilometer, it should be remembered that the shunt capacitive reactance in megaohms
for more than 1 km decreases because the capacitance increases. For more than 1 km of line, therefore, the value of shunt capacitive
reactance as given in Equation (2) should be divided by the number of kilometers of line.
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Il
4

Figure 7—Screened cable Figure 8—Belted cable
with equivalent circuit with equivalent circuit

4.1.3 No-load overhead lines
4.1.3.1 Uncompensated overhead lines
4.1.3.1.1 Line charging current

A no-load overhead line can generally be represented by a capacitance. In the case of short lines (<200 km),
this capacitance can be considered concentrated. However, in the case of long lines, it must be considered
distributed. Typical capacitance values vary from 9.1 nF/km per phase for single-conductor overhead lines
to 14 nF/km per phase for four-conductor bundle overhead lines (see also CIGRE Technical Brochure 47

[B1]).

Due to the distributed nature of the inductance and the capacitance of the line, the peak value of the power
frequency voltage at the remote (or receiving) end is higher than that at the circuit breaker (sending) end of
the line. This effect is called the Ferranti effect. For a line length of 500 km, the voltage increase is approxi-
mately 4% and for a line of 200 km, approximately 1%. The Ferranti effect is not considered for line lengths
below 200 km.

4.1.3.1.2 Recovery voltage

Overhead lines have capacitance both between phases and to ground. Figure 9 shows the peak value of the
recovery voltage in the first pole-to-clear as a function of the capacitance ratio C;/C, (positive to zero
sequence capacitance). It has been assumed that the amplitude approaches 3 p.u. The conditions for this case
are as follows:

— No capacitance to ground

— Delayed interruption of the second phase

An example of the voltages in such a case is given in Figure 5. The other extreme, C; = C, is the case
where each phase has capacitance to ground only. The recovery voltage peak is then 2 p.u. as in a single-
phase case.
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Overhead lines typically have C;/C ratios in the order of 2.0. In this case, Figure 9 shows that the recovery
voltage peak is approximately 2.4 p.u.

While Figure 5 and Figure 9 assume a delayed interruption of the second phase, when the second and third
phases interrupt 90° after the first, the maximum recovery voltage peak is 2.4 p.u. one half cycle after inter-
ruption (see 4.1.4).

L J
1 2 3 7 10 20 50 70 100

poskive sequence capachance  C
IB0 SOQUONCH COPACIANCD To

Figure 9—Recovery voltage peak in the first pole-to-clear as a function of C4/Cy,
delayed interruption of the second phase

When the characteristics of the voltage in service (e.g., shape and peak value) deviate from those of the test
voltage, the restrike probability may increase or decrease. For example, if the line is compensated, the line-
side component is not a trapped voltage resulting from the trapped charge, but a voltage oscillating with a
frequency determined by the compensating reactors and the line-side capacitance (see 4.1.3.2).

If the C,/C ratio is greater than 2, higher voltages may be coupled to the first pole-to-clear, resulting in
increased probability of restrike. In this case, the manufacturer should also be consulted because circuit
breaker designs are sensitive to both current magnitude and recovery voltage waveshapes.

4.1.3.2 Shunt compensated overhead lines

Long overhead lines are often compensated with shunt reactors to reduce the charging current of the line.
The compensation factor (k}) of an overhead line is given by the ratio of the capacitive reactance of the line
(Xc, 1ine) to the inductive reactance (X1, reactor) Of the compensating reactor, as in Equation (3).

kl _ XC, line (3)
XL,reactor

If X7, reactor > XC, line» the line is called undercompensated. A line with X7, reactor < Xc, 1ine 18 called over-
compensated.

4.1.3.2.1 Line charging current

The compensated line charging current is given by [, =1 C (1-k)
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