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Abstract: Guidance for the application of ac high-voltage circuit breakers for shunt reactor switching 
is provided. Overvoltage generation for the three cases of shunt reactors being directly grounded, 
ungrounded, or grounded through a neutral reactor is addressed in terms of derivation and limitation 
methods. Circuit breaker specification for the purpose and the use of laboratory test results to predict 
field performance is also covered by this guide. 
 
Keywords: ac high voltage circuit breakers, application, inductive load switching, overvoltages, shunt 
reactor switching, small inductive currents 
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Introduction 

This introduction is not part of IEEE Std C37.015TM-2009, IEEE Guide for the Application of Shunt Reactor Switching. 

The subject of shunt reactor switching is complex. The approach taken in the main text of the guide is to 
present a basic method for the application of circuit breakers for the purpose, which considers only load 
side circuit characteristics. The method is conservative and will be adequate in many instances. However, 
by reference to a series of notes, the general case (which incorporates the influence of the source side 
characteristics and the parallel capacitance of the circuit breaker) is presented. The user of this application 
guide is encouraged to exercise due discretion in the choice of the basic or general method for the 
application under consideration. Consideration should, in addition, be given to the magnetic effects 
associated with air core shunt reactors. 

This standard is a revision of IEEE Std C37.015TM-1993. 

Listed as follows, for information and guidance, are the substantive changes: 

⎯ The terms “medium voltage” (MV), “high voltage” (HV), and “extra high voltage” (EHV) have 
been replaced by a voltage range. 

⎯ Subclause 5.2.2 (gapped surge arresters) of the 1993 edition has been moved to an annex 
(Annex H). 

⎯ A list of symbols has been added (Annex G). 

⎯ Some of the figures have been redrawn. 

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.  

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, 
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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 the 
Application of Shunt Reactor Switching 
 

 
 

IMPORTANT NOTICE: This guide is not intended to ensure safety, security, health, or environmental 
protection in all circumstances. Implementers of the guide  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 application guide applies to ac high-voltage circuit breakers rated for shunt reactor switching. 

 
The guide covers the specific cases of switching directly grounded shunt reactors, ungrounded shunt 
reactors, and shunt reactors grounded through a neutral reactor. Directly grounded reactors are common on 
systems having a voltage of 60 kV and above, whereas ungrounded reactors are commonly applied on 
systems having a voltage below 60 kV. Schemes where the reactor is grounded through a neutral reactor are 
usually applied only on systems having a voltage of 60 kV and above. 

 
Whereas this application guide is directed toward circuit breakers, it is recognized and accepted that other 
switching devices such as high-voltage load break switches and circuit switchers are capable of shunt 
reactor switching and this guide may be applied as appropriate. 

 
 
 
1.2 Purpose 

 
 

This guide is intended for general use in the application of ac high-voltage circuit breakers for shunt reactor 
current switching. 

 
The current to be interrupted is generally less than 300 A rms; however, shunt reactor switching imposes a 
unique and severe duty on the connected system and the circuit breaker. Particularly at high voltages, the 
Shunt current to be interrupted is generally less than 300 A, yet Successful interruption is the result of a 
complex interaction between the circuit breaker and the circuit; this interaction can result in significant 
overvoltages. The purpose of the guide is to describe, principally for the benefit of the user, the shunt  

reactor switching duty, the overvoltages generated, and the control of those overvoltages. The guide further 
details the specification of circuit breakers and procedures to predict field performance based on test data. 
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2. General application conditions 

 
 
 
2.1 Maximum voltage for application 

 
The continuous operating voltage should not exceed the rated maximum voltage for the circuit breaker. 

 
 
 
2.2 Frequency 

 
The rated power system frequency (fr) is 50 Hz or 60 Hz. 

 
 
2.3 Shunt reactor load current 

 
The capability of circuit breakers to interrupt Shunt reactor load currents are referred to generically as small 
inductive currents. small inductive currents is generally not a concern. The circuit breaker typically will 
interrupt the current at the first current zero after contact parting but may not be immediately capable of 
withstanding the high magnitude recovery voltages that can then appear across the contacts. This can result 
in a reignition followed by an additional loop of rated frequency current and successful interruption. Refer 
to 2.5. 

 
 
 
2.4 Interrupting time 

 
The interrupting time of a circuit breaker when switching shunt reactor load currents, is the interval between 
energization of the trip coil and the interruption of the current in all poles on an opening operation. Refer to 
2.3 and 5.8. 

 
 
 
2.5 Transient overvoltages 

 
An important consideration for application of circuit breakers for shunt reactor current switching is the 
transient overvoltages generated on interruption of the current and by subsequent reignitions. Refer to 
Clause 3. 

 
2.6 Fault interrupting capability 

 
Fault interrupting capability may not be required for Circuit breakers applied switching shunt reactors may or 
may not be required to have a  all shunt reactor switching applications. If fault interrupting capability is not a 
requirement, the latter case, the through fault capability short-time current rating of the circuit breaker 
should equal the fault level applicable to the shunt reactor location. 

 

 
2.7 Frequency of operation 

 
Shunt reactors are switched frequently, often daily, to control and compensate for changes in system 
loading and configuration. In the selection of a circuit breaker for this duty, consideration should be given 
to this matter (i.e., by specifying a circuit breaker with extended mechanical endurance). 
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3. Shunt reactor switching conditions 

 
 
 
3.1 General 

 
Three specific shunt reactor switching cases are considered in this guide. The case of directly grounded 
reactors is treated in detail. The cases of ungrounded reactors and reactors grounded through a neutral 
reactor are treated in terms of relating to or deviating from the directly grounded reactor case. 

 
 

Given that shunt reactor switching is interactive, the characteristics of the reactor and the circuit have to be 
considered. Shunt reactor characteristics are discussed in Annex A, whereas applicable system and station 
characteristics are discussed in  Annex B. 

 
The general derivation of chopping and reignition overvoltage values, discussed in 3.2 through 3.4, is given 
in Annex C, whereas Annex D discusses the oscillation modes associated with the current interruption and 
reignition process. 

 
Annex E, complemented by Annex F, describes how laboratory test results can be used to calculate circuit 
breaker performance and expected overvoltages in actual shunt reactor installations. 

 
Annex G contains a list of the variables used in the document. 

 
 
3.2 Directly grounded reactors 

 
The switching of directly grounded reactors can be analyzed using the equivalent single-phase circuit 
shown in Figure 1. Basically, circuit breakers have no difficulty interrupting shunt reactor current; in fact, 
the current is forced prematurely to zero, a phenomenon referred to as current chopping. However, the 
chopping of the current and subsequent possible reignitions can result in significant transient overvoltages.   

 
The following two types of overvoltages are generated: 

 
a)   Chopping overvoltages with frequencies up to 5 kHz 

 

b)   Reignition overvoltages with frequencies up to several hundred kilohertz (kHz) 
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Figure 2 illustrates current chopping phenomena and Figure 3 defines the different overvoltages occurring 
at chopping and reignition 

 
 
 

Ls           is  the source side inductance  

Cs       is the source side capacitance 

CB       is the circuit breaker 
Lp, Cp       is the circuit breaker parallel inductance and capacitance 
Lb           is the connection series inductance 
CL           is the load side capacitance 
L        is the shunt reactor inductance 

 
 

Figure 1—Single-phase equivalent circuit 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2—Current chopping phenomena 
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Quantity Definition Value in pu 
 

Vo 
Voltage across shunt reactor at instant 
of current interruption; arc voltage not 

significant 

 
1 

 
Vin 

Voltage across shunt reactor at instant 
of current interruption; arc voltage 

significant 
k   

V  in  
in   

V 
o 

 
Vma 

Suppression peak overvoltage to 
ground k  

Vma a    

V 
o 

 
Vc 

 
Recovery voltage peak to ground 

 

k  
Vc c   

V 
o

 
Vp Reignition overvoltage peak to 

ground k   
Vp 

p   V 
 

Vs 
Reignition overvoltage excursion 

peak-to-peak k  
Vs 

s   
V 

o
 

Figure 3—Chopping and reignition overvoltage phenomena 
 
 

3.2.1 Current chopping 
 

Current chopping is caused by arc instability, which exhibits itself in the form of a negatively damped 
current oscillation superimposed on the load current. The oscillation amplitude increases rapidly, creating a 
current zero at which the circuit breaker usually interrupts (Figure 2). The frequency of the oscillation is 
such that current chopping can reasonably be assumed to be instantaneous. 

 
For a single interrupter circuit breaker, the chopping current level is given by the equation 
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where 
 
 
 

ich        is the current level at the instant of chopping (A) 
Ct        is the total capacitance in parallel with the circuit breaker (F) 
      is the chopping number for a single interrupter (AF −0.5) 

 
 
 

 
 
The chopping number  λ is a characteristic of the circuit breaker and is derived in laboratory tests (refer to  
Annex E). This concept can be applied to all circuit breaker types except for vacuum circuit breakers, for 
which the relationship between the chopped  degree of current and the interacting capacitance  chopping 
is less definitive. Ranges determined principally by the contact material. The ranges of typical chopping 
numbers are given in Table 1. 

 

 
Table 1 —Circuit breaker chopping numbers 

 
 

Circuit breaker type Chopping number  
AF–0.5 

Minimum oil 5.8  104–10  104 
Air blast 15  104–20  104 
SF6 puffer 4  104–19  104 
SF6 self-blast 3  104–10  104 
SF6 rotating arc 0.39  104–0.77  104 

 
 
Ct   is given by the following equation (refer to  Figure 1): 

 
 
 
 
 

 
 
where  

 

 
Cp        is the circuit breaker parallel capacitance (F) 
Cs        is the source side capacitance to ground (F) 
CL       is the effective load side capacitance to ground (F) and given by the expression CG + 2C ,             
 where CG is the summation of the load side equipment capacitances to ground (refer to Annex A 

and Annex B), and C is the phase-to-phase capacitance of the shunt reactor and associated 
connections. For many applications, C may not be significant compared to CG and can be ignored. 

 
 

The maximum value of Ct and the worst-case condition for overvoltage generation occurs when Cs >> CL, 
in which case Ct is given by 

 
 
                                  Ct  Cp  CL    (3) 
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Equation (1) applies as noted only to circuit breakers with a single interrupter. For circuit breakers with N 
interrupting units per pole, the following equation applies: 

 
 

 

The level of current chopping may be dependent on arcing time. This tends to be the case for SF6 puffer type and 
most air blast circuit breakers. For oil circuit breakers, however, the level of current chopping is independent of the 
arcing time. 

 
Current chopping phenomena are discussed in detail in [B11] , [B12] , and [B13] CIGRE Technical Brochure 50 
[B1].1 

 
 

3.2.2 Reignitions 
 

The circuit breaker, after current interruption, is stressed by the difference between the source side voltage (close to 
the crest of the power frequency voltage) and the load side oscillating voltage (Figure 2 and Figure 3). Circuit 
breakers with very high chopping levels exhibit reignitions before or at the suppression  

 
 

1 The numbers in brackets correspond to those of the bibliography in Annex I. 
 

 
peak. Such reignitions mainly have the effect of reducing the chopping overvoltages. Circuit breakers, such 

  as the SF6 puffer type that have low chopping levels, seldom reignite during the suppression peak overvoltage loop. 
 

 
1The numbers in brackets correspond to those of the references in clause 7. 

 
 

At the recovery voltage peak, the circuit breaker is stressed by a voltage that approaches the chopping overvoltage 
plus the peak of the source side voltage. If the circuit breaker does not reignite before or at this point, then the 
interruption is successful. If, however, the instant of contact parting is such that the contact gap does not yet have 
sufficient dielectric strength, then a reignition will occur (refer to Figure 4). All circuit breakers will reignite 
when the interruption occurs with a small contact gap. The reignition “window” will be narrow or wide depending 
on the rate of rise of voltage withstand capability of the increasing contact gap, that is, the design of the circuit 
breaker (interrupting medium, contact velocity, electrode design, etc.). Reignition-free interruption can practically be 
achieved only through control action selecting and controlling the contact parting time with respect to current zero 
(refer to 4.3). 
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i      is the current through the circuit breaker 
Vi       is the voltage across the circuit breaker 
Vd      is the rate of rise of dielectric strength (RDDS) of the circuit breaker 
t1       is the latest contact separation leading to reignition for circuit breaker with fast dielectric recovery 
t2       is the latest contact separation leading to reignition for circuit breaker with slow dielectric recovery 
A     is the reignition window for a circuit breaker with fast dielectric recovery (high RRDS) 
B     is the reignition window for a circuit breaker with slow dielectric recovery (low RRDS) 

 

NOTE— The RDDS is defined as the recovery rate of dielectric strength, and it is a function of time or contact gap during 
opening of a circuit breaker.2 

 
Figure 4—Reignition windows 

 
 

3.2.3 Overvoltages 
  

Two types of overvoltages are to be considered—chopping overvoltages and reignition overvoltages. 
 
 

2 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this 
standard. 

 

 
3.2.3.1 Chopping overvoltages 

 
The energy trapped in the load side inductance and capacitance at the instant of chopping will oscillate between the 
inductance and the parallel capacitance. The frequency of the oscillation is of the order of 
1 kHz to 5 kHz at high voltages and is determined by the natural frequency of the reactor load circuit (i.e., the 
reactor itself and all equipment connected between the circuit breaker and the reactor; refer to Annex A 
and Annex B). 

 
The first peak of the oscillation has the same polarity as the system voltage at the time of interruption. This 
chopping overvoltage is referred to commonly as the suppression peak overvoltage (Vma) (refer to Figure 2 and 
Figure 3). The second peak of the oscillation (Vc) has a polarity opposite to that of the system voltage at the time of 
interruption, and that chopping overvoltage is referred to as the recovery voltage peak overvoltage. For directly 
grounded reactor installations, the recovery voltage peak overvoltage is equal to or less than the suppression peak 
overvoltage (refer to Annex C). The magnitude of the suppression peak overvoltage (ka in pu of Vo) is given by the 
following equation: 

 
 

 
 
 
 
 

where 
 
 

ich        is the chopped current level (A) 
Vma     suppression peak overvoltage to ground (V) 
Vo        is the peak voltage (V) across shunt reactor at the instant of current interruption 
L      is the reactor inductance (H) 
CL       is the load side effective capacitance to ground (F), refer to  Equation (2) 
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