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Introduction

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™a 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/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 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:

Anne Bosma, Chair

aInformation on references can be found in Clause 2.

R. W. Alexander
B. J. Behl
W. J. Bergman
Denis Dufournet
K. Edwards
Leslie Falkingham
T. E. Field

R. Garzon
Mietek Glinkowski
C. Hampe
Franco Lo Monaco
R. W. Long
Antonio Mannarino

G. F. Montillet
Y. I. Musa
J. Nelson
E. J. O’Donnell
H. Melvin Smith
R. Kirkland Smith
C. L. Wagner

This introduction is not part of IEEE Std C37.012-2005, IEEE Application Guide for Capacitance Current
Switching for AC High-Voltage Circuit Breakers.
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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™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 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

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/).
Copyright © 2005 IEEE. All rights reserved. 1
uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:30 UTC from IEEE Xplore.  Restrictions apply. 

ails: 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

A

Full document det
IEEE Std C37.04™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.3, 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
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.
2 Copyright © 2005 IEEE. All rights reserved.
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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.

4.1.1.1 Capacitive current

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

(1)

with

, 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 .

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

C Capacitive load (capacitor bank) Uc Voltage across the capacitor bank (rms)

Cs Source side capacitance Ic Capacitive current (rms)
U Source voltage (rms) Us Voltage on source side of the circuit breaker (rms)
UB Voltage across the circuit breaker (rms) Ls Source inductance
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4.1.1.2 Recovery voltage

Figure 2 shows the current and voltage shapes at 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).

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 2—Voltage and current shapes at capacitive current interruption
4 Copyright © 2005 IEEE. All rights reserved.
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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.

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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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).

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

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

 (MΩ per phase per km)6 (2)

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.

Figure 6—Cross section of a high-voltage cable
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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.

Figure 7—Screened cable 
with equivalent circuit

Figure 8—Belted cable 
with equivalent circuit
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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 inter-
ruption (see 4.1.4).

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).

(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 

Figure 9—Recovery voltage peak in the first pole-to-clear as a function of C1/C0, 
delayed interruption of the second phase
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