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This is an unapproved IEEE Standards draft, subject to change.

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 or the soundness of any judgments 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, or every ten years for stabilization. When a document is more than five years old and has not been
reaffirmed, or more than ten years old and has not been stabilized, 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. A statement, written or oral, that is not
processed in accordance with the IEEE-SA Standards Board Operations Manual shall not be considered the official position
of IEEE or any of its committees and shall not be considered to be, nor be relied upon as, a formal interpretation of the IEEE.
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. Recommendations to change the status of a stabilized standard should include a rationale as to why a
revision or withdrawal is required. Comments and recommendations on standards, and requests for interpretations should be
addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

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 C37.12-2008, IEEE Guide for Specifications of High-Voltage Circuit 
Breakers (over 1000 Volts). 

This guide is a revision of ANSI C37.12™-1991. It reflects changes needed to coordinate with the IEEE 
Std C37.04™, IEEE Std C37.04a™, IEEE Std C37.06™, IEEE Std C37.06.1™, IEEE Std C37.09™, IEEE 
Std C37.010™, IEEE Std C37.011™, IEEE Std C37.012™, and IEEE Std C37.11™. It also reflects the 
present circuit breaker manufacturing technology.  

This guide applies to all indoor and outdoor ac high-voltage circuit breakers rated above 1000 volts and is 
issued as a guide for use in compiling technical specifications for the purchase of ac high-voltage circuit 
breakers. Primarily this guide applies to the Vacuum and Sulfur Hexafluoride circuit breakers. References 
to older technologies such as oil, air-blast, and air-magnetic circuit breakers have been deleted since these 
types are not presently being offered by manufacturers. This guide is intended to assist the user in 
specifying proper capabilities for circuit breakers when used in conjunction with IEEE Std C37.010 
(application of circuit breakers), IEEE Std C37.011 (transient recovery voltages), IEEES Std C37.012 
(capacitive switching), and IEEE Std C37.015™ (reactive switching). The imperative mode of the language 
used for example clauses is illustrative of that used in specifications. It does not imply that this document is 
anything other than advisory in its scope.  

The other change implemented in this guide concerns the title. It has been changed from “AC High-Voltage 
Circuit Breakers Rated on a Symmetrical Current Basis-Specification Guide” to “Guide for Specifications 
of High Voltage Circuit Breakers (over 1000 Volts).” This change is consistent with similar changes in the 
title of other IEEE circuit breaker standards and guides. 

This guide contains clauses that may be used directly in a purchaser’s specification. Alternately, users may 
modify example clauses to form the basis of their own specification. This guide does not contain all of the 
clauses that a purchaser may require for the purchase of high-voltage circuit breakers. For example, this 
guide makes no reference to commercial conditions that might be included in a purchaser’s complete 
specification.  The guide also does not contain example clauses that would provide all necessary 
requirements for every system application or physical installation. Users of the guide are cautioned to 
thoroughly review each individual application when preparing a high-voltage circuit breaker specification. 

Users of this guide are encouraged to review and thoroughly apply the high-voltage circuit breaker 
application principles identified in IEEE Std C37.010, IEEE Std C37.011, IEEE Std C37.012, and IEEE Std 
C37.015. These application guides have been developed to promote selection of appropriate circuit breaker 
features required for the successful application of high-voltage circuit breakers. 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  
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Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/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 guide may require use of subject matter 
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith. The IEEE is not responsible for identifying Essential 
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope 
of Patents Claims or determining whether any licensing terms or conditions provided in connection with 
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discriminatory. Users of this guide are expressly advised that determination of the validity of any patent 
rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information 
may be obtained from the IEEE Standards Association. 
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IEEE Application Guide for 
Capacitance Current Switching for 
AC Specifications of High-Voltage 
Circuit Breakers (over 1000 Volts) 

 
 
 
 
 
IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection in all circumstances. Implementers of the standard are responsible for 
determining appropriate safety, security, environmental, and health practices or regulatory 
requirements. 

 
This IEEE document is made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers appear in all publications containing this document and may be found 
under the heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE 
Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/ disclaimers.html 

 
 
 
1. Overview 

 
 
 
1.1 Scope 

 
This guide is for development of specifications that apply to all indoor and outdoor types of ac high-
voltage circuit breakers rated above 1000 volts. 

 
This application guide for capacitance current switching applies to ac high-voltage circuit breakers rated 
in accordance with  IEEE Std  C37.04™1  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 document is intended as a guide for use in developing specifications for ac high-voltage circuit 
breakers. This guide is for specifications that apply to all indoor and outdoor types of ac high 
voltage circuit breakers rated above 1000 volts. The imperative mode of the language is illustrative of that 
used in specifications. It does not imply that this document is anything other than advisory in its scope. 

 
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. 
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2. Normative references 

 
The following referenced documents are indispensable for the application of this application 
guide.document (i.e., they must be understood and used, so each referenced document is cited in text and 
its relationship to this document is explained). 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 C37.06-2000, American National Standard for AC High-Voltage Circuit Breakers Rated on a  
Symmetrical Current Basis—Preferred Ratings and Related Required Capabilities.1

 

 
IEEE Std C37.04™-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers.2, 3

 

 
 

1Information 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/). 

 
IEEE Std C37.04a™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on 
a Symmetrical Current Basis—Amendment 1: Capacitance Current Switching. 

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

 
IEEE Std C37.09a™, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on 
a Symmetrical Current Basis—Amendment 1: Capacitance Current Switching. 

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

 
IEEE Std C37.011™, IEEE Application Guide for Transient Recovery Voltage for AC High-
Voltage Circuit Breakers. 

 
IEEE Std C37.012™, IEEE Application Guide for Capacitance Current Switching for AC High-
Voltage Circuit Breakers. 

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

 
IEEE Std C37.10.1™, IEEE Guide for the Selection of Monitoring for Circuit Breakers. 

 
IEEE Std C37.81™, IEEE Guide for Seismic Qualification of Class 1E Metal-Enclosed Power 
Switchgear Assemblies. 

 
IEEE Std 693™, IEEE Recommended Practice for Seismic Design of Substations. 

 
IEEE Std 1291™-1993, IEEE Guide for Partial Discharge Measurement in Power Switchgear. 

 

NEMA 107-1987, Methods of Measurement of Radio Influence Voltage (RIV) of High-Voltage 
Apparatus.4

 
 

NEMA SG-4-1995, Alternating Current High-Voltage Circuit Breakers. 
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1 ANSI standards publications are available from the Institute of Electrical and Electronics Engineers, Inc. 445 Hoes Lane, P.O. Box 
1331, Piscataway, NJ 08855-1331, USA. 
2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc. 445 Hoes Lane, P.O. Box 1331, 
Piscataway, NJ 08855-1331, USA. 
3 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electical and Electronics Engineers, Inc. 
4 NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA 
(global.ihs.com/). 
 

 
3. Definitions 

 
For the purposes of this guide, the following terms and definitions apply. The Authoritative Dictionary 
of IEEE Standards Terms[B12] should be referenced for terms not defined in this clause. 

 
 

3.1 Purchaser or user: The organization responsible for specifying all requirements, including 
commercial and technical, related to purchasing equipment and accessories. 

 
3.2 Manufacturer or Supplier: shall mean a person or corporation who is furnishing material or 
equipment to either Owner or Contractor or both. 

 
 
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: 
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a)     Application, i.e., overhead line, cable, capacitor bank, or filter bank  

b)     Power frequency of the network 

c)     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. 

 
3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 
08854, USA (http://standards.ieee.org/). 
4The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
 

4. Specification format 
 

The developer of the specification should select a format for the specification. There are two prevalent 
formats although many variations are possible. 

 
 A complete specification written for a specific circuit breaker order, or 

 

 A set of companion documents that are to be used together. The first document is a general 
specification that applies to a class or classes of circuit breakers. This general specification is 
accompanied by a second/supplementary specification that provides only those details that are 
appropriate for the specific circuit breaker order. This second “rating specification” includes 
information such as the ratings, delivery quantities, schedule and locations, special requirements 
applicable to the specific order, unusual conditions and perhaps exceptions to the general 
specification 

The specification should generally include a statement that requires the supplier to supply the 
circuit breaker in accordance with the Purchaser’s specification and the referenced standards. The 
specification should also state which standards should be applicable in the event of conflict in the 
standards requirements or in the event of conflict between the purchaser’s specification and the referenced 
standards. 

 
The specification should identify the standards that must be followed by the supplier during the 
provision of the circuit breaker. 

 
Users commonly follow the second approach, a set of companion documents, in the preparation of their 
specifications. This guide describes the second approach adopted by several users. However with a few 
modifications this specification can also be re-written as a single document specification for a specific 
circuit breaker order. 

 
This guide includes several clauses that use the word “shall”. These clauses are included as typical sample 
clauses that may directly be used by the users in their specification. The other clauses with the word 
“should” are used to form the basis of a purchaser’s own worded clause for their specification. 
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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 Capacitive load (capacitor bank) Uc Voltage across the capacitor bank (rms) 
Cs 

U UB 
Source side capacitance 

Source voltage (rms) 

Voltage across the circuit breaker (rms) 

Ic 
Us 
Ls 

Capacitive current (rms) 

Voltage on source side of the circuit breaker (rms) 

Source inductance 

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

 
 

4.1.1.1 Capacitive current 
 

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

withω s  = 2πf s , where fs is the system frequency (Hz) 

 

 
, where fi is the inrush current frequency (Hz) (see also 4.2.1) 
 

With ωi >> ωs, Equation (1) transforms to I c = ω sC × U . 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:26:12 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.12-2008

http://www.avadocuments.com/doc/ieee-c37-12-2008
http://www.avadocuments.com/doc/ieee-c37-12-2008


 4.1.1.2 Recovery voltage 
 
 

Figure 2 shows the current and voltage shapes at interruption. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2—Voltage and current shapes at capacitive current interruption 

 
 
After interruption of the current, the supply side voltage Us 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 
Ls and Cs. 

 
From the moment the current is interrupted, the charge of the capacitor bank C is trapped. The voltage Uc 
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 Ls and C (assuming C ≈ Cs). 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). 
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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. 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

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

 
Figure 4—Theoretical maximum voltage buildup by successive restrikes 
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Another phenomenon, which has been observed predominantly on vacuum circuit-breakers, may occur 
during 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. 

 

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). 
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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 

 —    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). 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:26:12 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C37.12-2008

http://www.avadocuments.com/doc/ieee-c37-12-2008
http://www.avadocuments.com/doc/ieee-c37-12-2008


 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6—Cross section of a high-voltage cable 
 
 
  
 

 
 

where 
fs           is the system frequency (Hz) 

εr          is the dielectric constant of cable dielectric material (F/m) 
ri          is the inside radius of shield (mm) 
rc          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). 

 
5Number in brackets correspond to the numbers in the bibliography in Annex A. 
6When 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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                   Figure 7—Screened cable with equivalent circuit 
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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 C1/C0  (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, C1 = C0, 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. 

 

 Overhead lines typically have C1/C0 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 interruption (see 4.1.4). 
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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 C1/C0 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 (kl) of an overhead line is given by the ratio of the capacitive reactance of the 
line (XC, line) to the inductive reactance (XL, reactor) of the compensating reactor, as in Equation (3). 
 
 
 
 
 

 
  

If XL, reactor > XC, line, the line is called undercompensated. A line with XL, reactor < XC, line is called 
over- compensated. 

 
 4.1.3.2.1 Line charging current 

 
The compensated line charging current is given by   
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 where 
Ilc         is the line charging current of the compensated line (A) (rms) 

Ic'       is the line charging current of the uncompensated line (A) (rms) 
kl          is the compensation factor 

 
Assuming a line compensated at 60% (i.e., kl = 0.60), the line charging current is as follows: 

 
Ilc = Ic' (1 – 0.6) = 0.4Ic' or 40% of the uncompensated value 

 
4.1.3.2.2 Recovery voltage 

 
If the line is compensated, the line-side component of the recovery voltage is no longer a dc voltage, but 
an oscillation of which the frequency is determined by the compensating reactor and the line capacitance. 

 
The resonant frequency is approximated by Equation (4). 

 

 
 where 

fl        is the resonance frequency of the compensated line (Hz) 

L        is the inductance of the reactor (H) 
C        is the total capacitance of the line (F) 
fs        is the system frequency (Hz) 

kl        is the compensation factor 

 
In other words, the resonance frequency of a compensated line is dependent on the degree of 
compensation. Because the compensation usually is less than 1, this resonance frequency is less than the 
system frequency, resulting in a reduction of the recovery voltage. Typical current and voltage 
waveshapes are given in Figure 10. 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10—Typical current and voltage relations for a compensated line 
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The first half cycle of recovery voltage is, for this example, as shown in Figure 11. Compensation 
thus results in a decrease of the probability of restrike at a particular current. Under these conditions, 
improved performance may result, and the circuit breaker becomes restrike-free or possibly able to 
interrupt higher values of charging current. The manufacturer should be consulted on applications that 
markedly alter the recovery voltage. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11—Half cycle of recovery voltage 
 
 
 

4.1.3.3 Switching the charging currents of long overhead lines 
 
 

Very long overhead lines in excess of 300 km, even those of simple construction type, present a special 
case not covered by the requirements of 4.10.7 of IEEE Std C37.09 or its notes. Where such long lines are 
to be switched, consideration should be given to the higher value of peak transient recovery voltage 
(TRV) present on interruption. Some idea of the ability of a particular circuit breaker for making and 
breaking this requirement can be gained by considering any out-of-phase switching evidence that may 
exist. Such evi- dence will usually provide adequate demonstration of the elevated TRV; and, although the 
current values for the out-of-phase duty are higher than the charging current of the line, they may be 
considered comparable for providing background evidence for this special duty. However, such limited 
demonstration of capability as the out-of-phase test cannot be considered satisfactory for demonstration 
purposes for an overhead line switching duty. For full compliance, evidence will be required to satisfy the 
capacitive current switching requirements of 4.10 of IEEE Std C37.09, but to the elevated values required 
by the specific application. 

 
 

Some users may be concerned about rare or occasional switching operations from one end on a long line. 
This case can occur during the early development stages of a system when intermediate substations may 
not be  fully  equipped  or  may  even  be  by-passed.  In  such  cases,  it  may  be  appropriate  to  
consider  the out-of-phase capability in relation to the combined load presented by the lines. If 
satisfactory for the current and  voltage  conditions,  then  specific  testing  for  the  severe  capacitive  
current  switching  duty  of IEEE Std C37.09 would not be necessary at the enhanced levels of the 
extended line. They would be required for the switching duty of the individual lines, as normal. There 
is an obvious risk associated with such operation, and this acceptance of the out-of-phase evidence is 
possible only if the operating regime for such an extended line length condition is infrequent. Infrequent 
operation is often likely to be the case for such development stages of a system. 
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4.1.4 Voltage factors for capacitive current switching tests 
 
 

Depending on the capacity of a high-power laboratory, capacitive current switching tests may be 
performed as three-phase tests or single-phase tests. For the higher voltages (i.e., 362 kV, 420 kV, 
550 kV, and 800 kV), unit tests are sometimes made. 

 
Especially when single-phase tests are made to cover three-phase application, the test voltage shall reflect 
the application of the circuit breaker in the system. One of the factors influencing this is the grounding 
situ- ation of the network. The other is the presence of single- or two-phase faults. 

 In 4.10.7 of IEEE Std C37.09, the voltage factors shown in Table 1 are given for single-phase tests. The 
test voltage measured at the circuit breaker location prior to interruption shall not be less than the product 
of the rated voltage Ur/√3 and the voltage factors given in Table 1. 

 

Table 1—Voltage factors for single-phase capacitive current switching tests 
 

Voltage factor 
(kc) 

 
Application 

1.0 Tests corresponding to normal service in effectively grounded neutral systems 
without significant mutual influence of adjacent phases of the capacitive circuit, 
typically capacitor banks with effectively grounded neutral and screened cables.

1.2 Test on belted cables and line charging current switchinga corresponding to 
normal service conditions in effectively grounded neutral systems for rated 
voltages 72.5 kV and above. 

1.4 —     Breaking   during   normal   service   conditions   in   systems   having   a 
ungrounded neutral including screened cables;a 

—     Breaking of capacitor banks ungrounded neutral; 
—     Test on belted cables and line charging current switchingb corresponding 

to normal service conditions in effectively grounded systems for rated 
voltages less than 72.5 kV; 

—     Breaking in the presence of single- or two-phase-to-ground faults in sys- 
tems having a solidly grounded neutral. 

1.7 Tests corresponding to breaking in ungrounded systems in the presence of single-
or two-phase-to-ground faults.c 

NOTE 1—The voltage factors for line charging current switching tests of 1.2 and 1.4 are applicable 
to single-circuit line construction. Requirements for multiple overhead line constructions may be 
greater than these factors. 

 

NOTE 2—The 1.4 factor is a compromise and is valid for breaking capacitive currents in ungrounded 
systems, where the second and third poles-to-clear interrupt 90° after the first. 

 
NOTE 3—When the nonsimultaneity of contact separation in the different poles of the circuit breaker 
exceeds 1/6th of a cycle of rated frequency, it is recommended to raise the voltage factor or to make 
only three-phase tests. Such circuit breakers fall outside the scope of IEEE Std C37.09. 

aWhen a significant capacitance to ground on the source side is present, the factor will be reduced. bUnder the 
condition that the line can be replaced partly or fully by a concentrated capacitor bank. cThe factor 1.7 is 
derived from the fact that the healthy phase sees the phase-to-phase voltage. 

 
 
 

The voltage factor 1.4 is explained as follows: When the current in the first pole is interrupted, the voltage 
across the circuit breaker will rise as if the voltage factor would have been 1.5. When the second and third 
poles interrupt 90° later, there is a discontinuity; and the recovery voltage across the first pole-to-clear 
will follow a 1-cosine wave with a voltage factor of 1.25. The recovery voltage is indicated by the solid 
line in Figure 12. By using a voltage factor of 1.25 (dotted line in Figure 12), the initial portion of the 
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recovery voltage across the first pole is not adequately covered. Using a voltage factor of 1.5 will result 
in too high a stress. A voltage factor of 1.4 as indicated by the dashed curve in Figure 12 is a compromise 
that adequately covers the actual recovery voltage. 

 
 

Careful consideration should be given to these voltage factors when circuit breakers are relocated to other 
parts of the system where the application is different from that of the original location. 

  
 

 
Figure 12—Recovery voltage on first pole-to-clear for three-phase interruption: 

capacitor bank with isolated neutral (50 Hz) 
 
 

The voltage factors specified in Table 1 are associated with single-circuit line constructions and are 
chosen to accommodate all known physical arrangements of the conductors of such circuits. Note 1 to 
Table 1 indi- cates that switching in the case of multiple overhead line constructions that have parallel 
circuits may require a voltage factor greater than 1.2 and 1.4. The reason for the higher voltage factor is 
because such cir- cuits  are likely  to have an enhancement to  the line-side residual voltage 
following  interruption. The enhancement is associated with the coupling (pick-up) from the parallel 
circuit and may add a power fre- quency peak voltage of up to 0.2 p.u., depending upon the geometry of 
the conductor systems of the two circuits. 

 

 
In addition, the effect of these changes on the line-side voltage, following interruption by the first pole-
to- clear, does affect the shape of the TRV across that opening pole. Consideration of this effect may 
require additional testing if the existing factor does not adequately cover the combined effects. 
Alternatively, the higher of the given values, e.g., 1.4 for 1.2, can be selected to encompass the specific 
waveshape. 

 

 
On occasion, utilities have specified a voltage factor of 1.3 instead of 1.2 for their double-circuit lines. 
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4.2 Energization of capacitive loads 
 
 

Energization of capacitive loads is usually associated with transient voltages and currents. Those 
transients are the following: 

 

—    Inrush currents 
 

—    Overvoltages caused by the system response to the voltage dip when energizing capacitor banks 
(see 4.2.1) 

 

—    Overvoltages caused by traveling waves on transmission lines and cables 
 

 
In 4.2.1 through 4.2.3, the phenomena associated with the energization of capacitor banks, lines, and 
cables are treated. 

  
4.2.1 Capacitor banks 

 
Because the use of capacitor banks for compensation purposes is increasing, it is common that more than 
one capacitor bank is connected to the same bus. This practice has no influence on the conditions at 
interrup- tion. The current at closing (i.e., inrush current), however, is affected to a high degree. Two 
different situations may occur: 

a)     The capacitor bank is energized from a bus that does not have other capacitor banks energized. 
This situation is called isolated capacitor bank switching. 

b)     The capacitor bank is energized from a bus that has other capacitor banks energized. This situation 
is called back-to-back capacitor bank switching. 

 
The conditions for isolated and back-to-back capacitor bank switching are given in 4.2.1.1 and 4.2.1.2. 
Even energized capacitor banks in nearby substations may contribute to the inrush current so that a back-
to-back situation occurs. 

 
Especially the second case may give rise to an inrush current of very high amplitude and frequency, 
which sometimes has to be limited in order not to be harmful to the circuit breaker, the capacitor banks, 
and/or the network. The magnitude and frequency of this inrush current is a function of the following: 

—    Applied voltage (point on the voltage wave at closing) 

—    Capacitance of the circuit 

—    Inductance in the circuit (amount and location) 

—    Any charge on the capacitor bank at the instant of closing 

—    Any damping of the circuit due to closing resistors or other resistances in the circuit 
 

It is assumed that the capacitor bank is discharged prior to energization. This assumption is reasonable, as 
capacitor units are fitted with discharging resistors that will discharge the capacitor bank. Typical 
discharge times are in the order of 5 min. 

 
The transient inrush current to an isolated bank is less than the available short-circuit current at the 
capacitor bank terminals. It rarely exceeds 20 times the rated current of the capacitor bank at a frequency 
that approaches 1 kHz. Because a circuit breaker must meet the making current requirements of the 
system, tran- sient inrush current is not a limiting factor in isolated capacitor bank applications. 
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When capacitor banks are switched back-to-back (i.e., when one bank is switched while another bank is 
con- nected to the same bus), transient currents of prospective high magnitude and with a high natural 
frequency may flow between the banks on closing of the circuit breaker. The effects are similar to that of 
a restrike on opening. This oscillatory current is limited only by the impedance of the capacitor bank and 
the circuit between the energized bank or banks and the switched bank. This transient current usually 
decays to zero in a fraction of a cycle of the system frequency. In the case of back-to-back switching, the 
component supplied by the source is at a lower frequency; therefore, small it may be neglected. 

 
4.2.1.1 Isolated capacitor bank 

 
A bank of shunt capacitors is considered isolated when the inrush current on energization is limited by 
the inductance of the source and the capacitance of the bank being energized. A capacitor bank is also 
consid- ered isolated if the maximum rate of change, with respect to time, of transient inrush current on 
energizing an uncharged bank does not exceed the maximum rate of change of the symmetrical short-
circuit current at the voltage at which the current is applied. The limiting value is equal to Equation (5). 

 

 
 

where 



 
       is the maximum rate of change of inrush current (A/s) 
 

       Isc                          is the rated rms short-circuit current (A) 

ωs = 2πfs            is the angular system frequency (rad/s) and fs is the power frequency (Hz) 

 
The single-phase equivalent of a circuit where two capacitor banks are connected to a busbar is shown 
in Figure 13. L1  and L2  represent the stray inductance (or stray inductance plus additional damping 
induc- tance). The inductance Ls of the supply network will be several orders of magnitude higher than L1 

and L2. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13—Parallel capacitor banks 
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