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American National Standard

An American National Standard implies a consensus of those substantially concerned witheitarsl provisions.

An American National Standard is intended as a guide to aid the manufacturer, the coasdnier general public.
The existence of an American National Standard does not in any respect preghrde aunether he has approved the
standard or not, from manufacturing, marketing, purchasing, or using products, processes, or proocédures
conforming to the standard. American National Standards are subject to periodic review andeusmrticared to
obtain the latest editions.

CAUTION NOTICE: This American National Standard may be revised or withdrawn at any time. The proaddures
the American National Standards Institute require that action be taken to reaffirm, revise, or wifslstandard no
later than five years from the date of publication. Purchasers of American Nationd&/$isa may receive current
information on all standards by calling or writing the American National Standastitsiie.

© Copyright 1979 by
The Institute of Electrical and Electronics Engineers, Inc

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:04 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.012-1979


http://www.avadocuments.com/doc/ieee-c37-012-1979
http://www.avadocuments.com/doc/ieee-c37-012-1979

Foreword

(This Foreword is not a part of ANSI/IEEE C37.012-1979, American National Standard AippliGaide for Capacitance Current
Switching for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis.)

The development of standards for the rating, testing, and manufacture of high-voltage circuit breakedsbstgan a
simultaneously with the application of the first circuit breakers in early power sumienss.

A number of engineering and manufacturers trade organizations were interestediards for high-voltage circuit
breakers as well as other types of electrical equipment and worked topdstandard requirements for capabilities,
sizes, and testing procedures. Among these groups were thé, AtEBational Electric Light Association (NELA),
the Electric Power Club (a predecessor of NEMA — the National Electi@alufacturers Association), the
Association of Edison llluminating Companies (AEIC), and the Edison Electric Institute (EEI).

During the years up to 1940, these organizations adopted and published a number of standardization proposals
concerning rating, testing, and other requirements for high-voltage circuit breakers.

In 1941, a unified series of standards for circuit breakers, based on those of AIEE, AEIC, and NEMAibkshed
for trial use by the American Standards Association (ASA). This comprised thdrfestican Standard for high-
voltage circuit breakers. In 1945, this series was issued as an approved American Standaed fatiiliar C37
number identification. This series included sections on rating, preferres, s&sting, and application of circuit
breakers. In 1952 and 1953, this series of standards was revised and supplemented by additios\dlosettigrthe
complete, basic group of American Standards for high-voltage circuit breakers. At the time of ipubidsitgroup
of standards included:

ANSI C37.4-1953 AC Power Circuit Breakers (included definitions, rating basis, and some testmeqts)

ANSI C37.5-1953 Methods for Determining the RMS Value of a Sinusoidal Current Wave and Normaleyequ
Recovery Voltage, and for Simplified Calculation of Fault Currents

ANSI C37.6-1953 Schedules of Preferred Ratings for Power Circuit Breakers

ANSI C37.7-1952 Interrupting Rating Factors for Reclosing Service

ANSI C37.8-1952 Rated Control Voltages and their Ranges

ANSI C37.9-1953 Test Code for Power Circuit Breakers

ANSI C37.12-1952 Guide Specifications for Alternating Current Power Circuit Breakers

Under these original standards, the basis of the interrupting rating was established by 6.11 of ANS9EB3@s the
highest current to be interrupted at the specified operating voltage and was the “.alumsneluding the dc
component at the instant of contact separation as determined from the envelope of the current wavthisSinc
standard based the interrupting rating on the total current including dc component at the instant of pandigicinse

it has become known as the “Total Current Basis of Rating.”

For circuit breaker application, a simplified method was available in ANSI C37.5-1953 vidtith multiplying
factors for use with the system symmetrical fault current to derivexammm possible total rms current which could
be present at contact separation. This current was used to choose the required circuit brepkenrahose listed
in ANSI C37.6-1953, or subsequent revisions. The factors recognized typical system dbticactnd circuit
breaker operating times.

1AIEE (American Institute of Electrical Engineers) mergeéthdRE (Institute of Radio Engineers) January 1, 1963 to form thegoganization
IEEE (Institue of Electrical and Electronics Engineers).
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In 1951, the AIEE Switchgear Committee began to give consideration to the developraeamtcuit breaker rating
method based on symmetrical interrupting currents. This work was initiated with the goal of:

1) Simplifying application where high-speed relaying and fast clearing circuit breakersea

2) Bringing American standards into closer agreement with accepted international standards (IE@shderna
Electrotechnical Commission) to avoid confusion on rating differences

3) Requiring that circuit breakers are proven to demonstrate a definite relationshiprbetsyeemetrical
interrupting capability and symmetrical ratings

During the course of this work, principally in a working group of the AIEE Power Circuit Breaker Subiteeymi
numerous reports of the proposals on the new rating, testing, and application methods were made to the imdustry a
whole through committee sponsored papers at AIEE meetings in 1954, 1959, and 1960. Suggestians made
discussions were considered by the working group and incorporated where practicable. Tihed phiange from the

1953 “Total Current” standard was in the basis of rating. 4.5.1 of ANSI C37.04 establishedetthé&SRat Circuit
Current as “the highest value of the symmetrical component of the ... $tooiit-current in rms amperes, measured
from the envelope of the current wave at contact separation, which the circuit braakgiirisd to interrupt at rated
maximum voltage ...". Certain related capabilities were also required, including operation umifexdspenditions

of asymmetry based on typical circuit characteristics and circuit breaker timingalihg structure became known

as theSymmetrical Current Basis of Rating as compared to the previottal Current Basis of Rating. However, as the

new ratings were developed, it became apparent that changes from the older to the neaet stalld not occur
overnight due to requirements for rerating and retesting of many PCBs. It was, thaetefided to retain both rating
structures, with the understanding that all new circuit breaker developments would be diveatddiesymmetrical
standards. The circuit breakers based on thedotegnt standards would be transferred to the new standards as work
progressed in rerating programs. This transfer is being carried out and ANSI C37.6 and ANSI C37.06 have been
revised accordingly a number of times.

The symmetrical current group of standard sections was published in 1964 and was given ANSI C37.04, C37.05,
C37.06, etc, designations. These sections and the corresponding 1953 sections were:

Total Current Standard Symmetrical Current Standard Subject
ANSI C37.4 ANSI C37.03 Definitions
ANSI C37.04 Rating Structure
ANSI C37.04a
ANSI C37.5 ANSI C37.05 Measurement of Voltage and Current
Waves
ANSI C37.6 ANSI C37.06 Preferred Ratings
ANSI C37.06a
ANSI C37.7 ANSI C37.07 Reclosing Factors
ANSI C37.8 (included in ANSI C37.06) Control Voltages
ANSI C37.9 ANSI C37.09 Test Code
ANSI C37.09a
ANSI C37.5 (Section 3.) ANSI C37.010 Application Guide (expansion of

material previously in C37.5)

Sections .04a, .06a, and .09a, also issued in 1964, were addenda concérrsegplémental dielectric capability
requirements.
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In ANSI C37.06-1964 and subsequent revisions prior to 1971, circuit breaker symmetrical current imgeratiptis
were derived from ratings in ANSI C37.6-1961 by a relationship following a middle ground position betwte¢al the
(asymmetrical) current of the former rating method and the full range of related requirementsefvthating
method. For a given breaker this derivation was expressed by the formula:

0 nominal voltage [
tated maximum voltage

rated short circuit current 1,4

where
l1961 = interrupting rating in amperes appearing in ANSI C37.6-1961
F = 0.915 for 3 cycle breakers

0.955 for 5 cycle breakers
1.0 for 8 cycle breakers

Rated short circuit current was tabulated for rated maximum voltage ratheioth@gominal voltage as had been the
case under the total current basis of rating.

It was stressed that this derivation was for the numerical conversion only and thatargivebhreaker, designed and
tested under the total current basis of rating, could not be assumed to have theseiesapabliéit the symmetrical
current basis of rating without approval of the manufacturer.

In the revision of ANSI C37.06 published in 1971, several simplifications were introducked,rigcthe use of a new
method for selection of interrupting current ratings for outdoor circuit breakers 121 kV and above. Valatifor r
short circuit current were chosen from the R-10 preferred number series, and the userehagefominal 3-phase
MVA identification was discontinued. Also the rated voltage range fd€taas changed to unity, 1.0, to simplify
rating and testing procedures.

In the intervening years since the official publication of the primary sections of the symmetsisabbaating
standard for high-voltage circuit breakers, a number of revisions, additions, and improvements haegdbepadd
and published. Many of these additions were in subject areas of major importance in the ratiggatesapplication

of circuit breakers and were published as complete standards containing appropriate defiaitignperformance
criteria, rating numbers, test procedures, and application considerations. $hisweato avoid delay in publication
and the necessity of reprinting other existing standards as each of these was completed. The resultthas be
publication of a substantial number of individual supplementary standards. The basic seagcbasidered in these
supplementary standards, and their initial publication dates, are shown below:

ANSI C37.071-1969 Requirements for Line Closing Switching Surge Control

ANSI C37.072-1971 Requirements for Transient Recovery Voltage

ANSI C37.0721-1971 Application Guide for Transient Recovery Voltage

ANSI C37.0722-1971 Transient Recovery Voltage Ratings

ANSI C37.073-1972 Requirements for Capacitance Current Switching

ANSI C37.0731-1973 Application Guide for Capacitance Current Switching

ANSI C37.0732-1972 Preferred Ratings for Capacitance Current Switching

ANSI C37.074-1972 Requirements for Switching Impulse Voltage Insulation Strength
ANSI C37.076-1972 Requirements for Pressurized Components

ANSI C37.078-1972 Requirements for External Insulating
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ANSI C37.0781-1972 Test Values for External Insulation
ANSI C37.079-1973 Method of Testing Circuit Breakers When Rated for Out-of-Phase Switching

A goal of work recently completed, and represented by the 1979 publication of these standards, has beeiathe edito
incorporation of all the supplementary standards listed above into the proper primarydstalodaments. For circuit
breakers rated on a symmetrical current basis, the consolidated standards sections ar

ANSI/IEEE C37.04-1979 Rating Structure

ANSI C37.06-1979 Preferred Ratings and Related Required Capabilities
ANSI/IEEE C37.09-1979 Test Procedure

ANSI/IEEE C37.010-1979 Application Guide — General

ANSI/IEEE C37.011-1979 Application Guide — Transient Recovery Voltage
ANSI/IEEE C37.012-1979 Application Guide — Capacitance Current Switching

The present ANSIC37.05, Measurement of Current and Voltage Waves, is incorporated into ANSI/IEEE C37.09;
ANSI C37.07, Interrupting Capability Factors for Reclosing Service, is incorporated into ANSI/IEEEACARISI
C37.06, and ANSI/IEEE C37.09. Definitions which have been in C37.03-1964 are now in ANSI C37.100-1972.

Standards are presently being developed in a number of additional subject ardasyilvbe initially published as
supplementary standards and incorporated into the primary subject document at some future dateamohgled
these subjects are requirements for current transformers, a guide for syntheticdestidgevel measurements, and
seismic capability requirements.

For circuit breakers still rated on a total current basis, as listed in ANS6,G8&. existing standards ANSI C37.4,
ANSI C37.6, ANSI C37.7, and ANSI C37.9 will continue to be applicable.

Documents pertaining to guide specification and control schemes, which apply to both groups of ratingadack incl
in the ANSI C37 series as shown below:

ANSI C37.11-1972 Requirements for Electrical Control on AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis and a Total Current Basis
ANSI C37.12-1969 Guide Specifications for AC High-Voltage Circuit Breakers Rated on a Sycah@trrent

Basis and a Total Current Basis

Periodic review of all these standards takes place through the normal ANSI procedurandizaitistare reaffirmed,
revised, or withdrawn within no more than five year intervals from the original publication date.

Suggestions for improvement gained in the use of this standard will be welcomehdhkl/lse sent to the

American National Standards Institute
1430 Broadway
New York, NY 10018
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The basic data included in this consolidated document is the result of statribmade by many individuals over
many years. At the time of approval, however, the American National Standards Cenunifeower Switchgear,
C37, which reviewed and approved this standard, had the following personnel:

C.L.Wagner, Chair
J. P. Lucas, Secretary
J. E. Beehler (Executive Vice-Chairman of High-Voltage Switchgear Standards)
W. E. Laubach (Executive Vice-Chairman of Low-Voltage Switchgear Standards)
W. R. Wilson (Executive Vice-Chairman of IEC Activities)

Organization Represented Name of Representative
Association of Iron and Steel Engineers J. M. Tillman

Electric Light & Power Group J.E. Beehler
H. G. Darron
H. G. Frus

.D. Hendrlx

Adgate (Alt)
Capra (Alt)
Lindsey (Alt)
Ramm (Alt)

Institute of Electrical and Electronics Engineers
Fahnoe
Friedrich

Walsh
White
Beachy (Alt)

Mathews (Alt)

McMaster (Alt)

Musgrave (Alt)

Colaiaco

Dunham

Portman
Wilson
Wilson

National Electrical Manufacturers Association

EOU;U:D ODOZTOIXIZ MODXRTAR

.R.
.G.
. L.
. L.
. E.
LJ
. H.
. E.
- W.
F
LJ
A
A
. C.
P.
- W.
. G.
A
.R.

Testing Laboratory Group E. J. Huber
R. A. Naysmith
R. W. Seelbach (Alt)

Tennessee Valley Authority R. C. St. Clair
U.S. Department of the Army R. H. Bruck
U.S. Department of the Interior, Bureau of Reclamation E. M. Tomsic

U.S. Department of the Navy, Naval Facilities Engineering Command D. M. Hannemann

The personnel of the C37 Subcommittee on High Voltage Circuit Breakers which reviewed and approved this
document were as follows:

F. G. Schaufelberger, Chair
J. J. Fayed, Secretary
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J. E. Beehler R. E. Friedrich G. N. Lester
D. O. Craghead R. D. Hambrick F. W. Smith
M. A. Durso D. R. Kanitz D. L. Swindler
C. J. Dvorak W. E. Laubach W. R. Wilson

The basic Application Guide was prepared by a Working Group on Standards for Capacitaené Switching of
the IEEE High-Voltage Power Circuit Breaker Subcommittee of the IEEE Switchgear i@eearihe personnel of
the Working Group were as follows:

V. E. Phillips, Chair

J. E. Beehler G. N. Lester W. H. Shafer
R. G. Colclaser N. E. Reed B. F. Wirtz
C. F. Cromer F. G. Schaufelberger

When the IEEE Standards Board approved this standard on June 2, 1977, it had the following membership:

W. R. Kruesi, Chair
Ivan G. Easton, Secretary
Irvin N. Howsll, Jr, Vice Chair

William E. Andrus R. O. Duncan Donald T. Michael
Jean Jacques Archambault Charles W. Flint Voss A. Moore
Mark Barber Jay Forster William S. Morgan
Edward J. Cohen Ralph I. Hauser William J. Neiswender
Warren H. Cook Joseph H. Koepfinger Ralph M. Showers
Louis Costrell Irving Kolodny Robert A. Souderman
R. L. Curtis Benjamin J. Leon Leonard W. Thomas, Sr
David B. Dobson Thomas J. Martin B. W. Whittington
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An American National Standard

IEEE Application Guide for Capacitance
Current Switching for AC High-Voltage
Circuit Breakers Rated on a Symmetrical
Current Basis

1. Scope

This application guide for capacitance current switching applies to ac high-voltagehmeakers rated in accordance
with ANSI/IEEE C37.04-1979, Rating Structure for AC High-Voltage Circuit Breakers, and listed in ANSI C37.06-
1979, Schedules of Preferred Ratings and Related Required Capabilities for AC High-Voltage CirkaisBrated

on a Symmetrical Current Basis. It is intended to supplement ANSI/IEEE C37.010-1979, #@pkgaide for AC
High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis. Circuit breakersmatethaufactured to
meet other standards should be applied in accordance with application procedures adapted tofibeatsmss.

2. Purpose

This guide is intended for general use in the application of circuit breakers for capacitance cutohmgwi
Familiarity with other American National Standards applying to circuit breakersusads and provisions of those
standards are indicated herein only when necessary for clarity in describing application esgsirem

3. General Application Conditions

See Section 3. of ANSI/IEEE C37.010-1979.

4. Capacitance Current Switching Application Considerations

4.1 Maximum Voltage for Application

The operating voltage should not exceed the rated maximum voltage since this is the ujpjoerdparation.
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ANSI/IEEE C37.012-1979 APPLICATION GUIDE FOR CAPACITANCE CURRENT SWITCHING FOR

4.2 Frequency

The rated frequency for circuit breakers is 60 Hz. Special consideration should be given tdi@pplther than 60
Hz. At lower frequencies, the capacitance current switching ability will be adequade, daritrol devices may not be
suitable for the application.

4.3 Capacitance Current

Circuit breakers are designed for application where the capacitance current, whetheverheaddine, cable, or
capacitor bank, does not exceed the rated value, at any voltage, up to rated maximum voltagedésreateeding
3300 ft, (1000 m) the capacitance current does not have to be corrected, provided it does not exareect¢iderated
continuous current.

4.4 Interrupting Time

The interrupting time of a circuit breaker on capacitance current switching is the intervalrbtteverergizing of the
trip circuit at rated control voltage and the interruption of the main circuit in all pales opening operation. Since
capacitance currents are less than 25 percent of the required asymmetrical interrupting capabiti¢yreéleired for
interruption may be greater than the rated interrupting time. For circuit breakers equippedsisttirsiethe
interrupting time of the resistor current may be longer. Note also that the interrupting tynie ieeager for close-
open operations. (See 5.7 of ANSI/IEEEC37.04-1979.)

4.5 Transient Overvoltage

An important consideration for application of circuit breakers for capacitance current switching is thenttrans
overvoltage which may be generated by restrikes during the opening operation. In ANSI C37.100-19%&n4 tran
overvoltage

factor is defined as the ratio of the transient voltage appearing betweeuniglreaker disconnected terminal and the
neutral of the disconnected capacitance during opening to the operating line-to-neutvaltzgstprior to opening.
The rated transient overvoltage factor is specified for two types of circuit breakers:

1) General-purpose circuit breakers. The transient overvoltage factor should not e@ceed 3.

2) Definite-purpose circuit breakers. The transient overvoltage factor shall not exceetbthimdoinore than
once in 50 random three-phase operations:
a) 2.5 for circuit breakers rated 72.5 kV and below
b) 2.0 for circuit breakers rated 121 kV and above

The selection of the type of circuit breaker to be applied should be coordinated with the insafsluititg of other
components on the system.

i Copyright © 1993 1ELE Al Q@%&Aments
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AC HIGH-VOLTAGE CIRCUIT BREAKERS RATED ON A SYMMETRICAL CURRENT BASIS ANSI/IEEE C37.012-1979
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Figure 1— RMS Charging Current Versus System Voltage for Single-Conductor
and Two-Conductor Bundle Lines
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ANSI/IEEE C37.012-1979 APPLICATION GUIDE FOR CAPACITANCE CURRENT SWITCHING FOR

4.6 Open Wire Transmission Lines

A circuit breaker may be required to energize or deenergize an unloaded open wire transnmessimimg its normal
operating duties. Prior to energization, the line may or may not contain a trapped charget pregtam of 4.13 of
ANSI/IEEE C37.09-1979, Test Procedure for AC High-Voltage Circuit Breakers recognizes the possltilerson
encountered during the switching of open wire lines. The application of either generahiae-gefrpose circuit
breakers to open wire line switching is determined by the open wire line current switching rsiingén ANSI
C37.06-1979, Tables 1A, 2A, 3A, 4A and 5A.

4.6.1 Open Wire Line Charging Switching Current.

When considering the assigned open wire line charging switching current rating, applicati@rnsrdet by the
value of the line charging current. This current is a function of system voltage, line lendtiime configuration.

For a first approximation of single- and double-circuit overhead line charging currentspdicética reactance at 60
Hz can be estimated as follows:

Single conductor 0.18 M per phase per mile (0.29®per phase per kilometer)

Two-conductor bundle — 0.14 Mper phase per mile (0.23®per phase per kilometer)

Three-conductor bundle — 0.13Mper phase per mile (0.21®™per phase per kilometer)

Four-conductor bundle — 0.12 M— per phase per mile (0.Dpdr phase per kilometer)

The curve of Fig 1 shows rms charging current in amperes pet asila function of system voltage for single-
conductor and two-conductor bundle lirfelf.the estimated current is greater than 90 percent of the preferred line
current rating, a more accurate calculation based on the actual line configuration and methade #iatldiscussed

in reference [1] should be us&d.

These calculations assume a transposed line and neglect the rise in voltage at #vedgffemranti effect). The
voltage rise has the effect of increasing the line charging current and is a functioneriditne

The additional current can be calculated using, for exaMBED constants and considering the line open-circuited
at the receiving end. The magnitude of the charging current is then

|| | _ |Vs|tanh FXL/XC:&[]_.;_!‘&}
d

/xL Xc Xc 3Xc
where
[Vl = magnitude of sending end line-to-ground voltage
Xc =  line positive-sequence capacitive reactance per phase, in ohms
X_. = line positive-sequence inductive reactance per phase, in ohms

The term in brackets is a modifying factor which is applied to the current determined previously (see Fifpt)pand,
single-conductor line with 0.8 per phase per mile inductive reactance and 0.08pdr phase per mile capacitive
reactance, the current magnitude is approximately

11 mile = 1.61 km.

2When using the quantity 8 per phase per mile, it should be remembered that the shunt capacitta@cean megohms for more than one mile
decreases because the capacitance increases. For more than one mile of line, thenedtire, of shunt-capacitive reactaasegiven above should
be divided by the number of miles of line.

SAn example of this calculation is given in Appendix A.
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Cual..1  0.8(1008) }
I | =]l 2 T ae 16 A ne
el = |Ic] [1+3 0.18x 1(/(100S)

= |1 [1+0.0148%
where
[l = uncorrected current
S= line length, in hundreds of miles

The corresponding equation for a two-conductor bundle witl0p@r phase per mile inductive reactance and 0.14
MQ per phase per mile capacitive reactance is

Il =1 [1 +0.014%7

Examination of these equations indicates an error of approximately 1.5 percent at 100 mi. aihte éfferet can be
neglected for lines less than this length.

4.6.2 Compensated Open Wire Transmission Line Current.

Extremely long lines are often compensated with shunt reactors to reduce the amount of chargingquired of
the system. The compensation fadtgiis defined as

X
=
Fo= % (1)
where
Xg = inductive reactance of compensating reactor

The factorF. times 100 is the “percent compensation X{fis greater thaiXc the line is undercompensatedXg is
less tharXc the line is overcompensated. The compensated line charging current is therygiven b

I1c = Icl(l_Fc) (2)
where

lic=  compensated line charging current

I = uncompensated line current (see Section 4.6.1)

Fe= compensation factor (Eq 1)

Assuming a line compensated at 60 percent, the line charging current is
lic=I¢ (1-0.6) = 0.4/

or 40 percent of the uncompensated value. If the breaker rating is chosen bisgetherine could not be switched
without the compensating reactor(s) connected. The voltage rise caused by the Ferchatigfiésso the location of
the reactor(s) will change the line current slightly.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 11:29:04 UTC from IEEE Xplore. Restrictions apply.

Copyright © 1998 IEEE All Rights Reserved

Full document details: IEEE C37.012-1979


http://www.avadocuments.com/doc/ieee-c37-012-1979
http://www.avadocuments.com/doc/ieee-c37-012-1979

ANSI/IEEE C37.012-1979 APPLICATION GUIDE FOR CAPACITANCE CURRENT SWITCHING FOR

4.6.3 Line Charging Transient Recovery Voltage.

The open wire line charging switching current rating is assigned on the basis of a standard traog@gtuaitage
associated with this type of circuit. The tests discussed in 4.13 of ANSI/IEEE C37.09-1979, whaistiaie
performance, are based on the test voltages of 4.13.4 of ANSI/IEEE C37.09-1979. TWé&efira charging current
switching tests require a maximum voltage of 2.4 times rated maximum phase-to-ground amitsgethe circuit
breaker one half-cycle after interruption (assu@gs 2 Cy whereC; is the positive-sequence capacitance @yas
the zero-sequence capacitance). This is the difference voltage ofutlte smd line sides, including the effects of
coupled voltage on the first phase to clear. The test voltage requires a 1-cosine waveshape.

Deviations from the test voltage characteristics may increase or decrease the probabiléycircuit breaker
restriking. For example, if the line is compensated, the line side contpemen a trapped voltage but is an oscillation
with a frequency determined by the compensating reactors and the line capacitance. Thefregoeany of the
compensated line is approximated by

fL = # = fs\/)zC (Hz) (3)
2m/LC Xr
where
fL = line resonant frequency, in hertz
L= reactor inductance, in henrys
= total capacitance of line, in farads
fs= system frequency, in hertz

A simple substitution indicates

f = fsJF’C (Hz) 4)

SinceF,, the compensation factor, is usually less than 1, the line resonant frequency is correspoisditiginlthe
system frequency.

~ LINE 7
l N /VOLTAGE s

Ve TIME

v OR i

BUS
VOLTAGE —"

Figure 2— Typical Current and Voltage Relations for a Compensated Line
Typical current and voltage relations are given in Fig 2.

The first half-cycle of recovery voltage is, for this example, as shown in Fig 3. Compernbasoreduces the
probability of restriking at a particular current. Under these conditions improved performance uitayheebreaker
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becoming restrike-free or possibly able to interrupt higher values of charging ciinentmanufacturer should be
consulted on applications which markedly alter the transient recovery voltage.

If the C,/Cq ratio is greater than 2, higher voltages may be coupled to the first phase to clear, riesintrepsed
probability of restrikes. In this case the manufacturer should also be consulted since ciedgt designs are
sensitive to both current magnitude, and recovery voltage waveshap

4.7 Capacitor Banks

A circuit breaker may be required to switch a capacitor bank from a bus that doesenothe capacitor banks
energized (isolated) or against a bus that has other capacitor banksesh@rgiz to back). In the application of
circuit breakers for capacitor switching duty, consideration must be given to the ratéetisblant capacitor bank
switching current, rated back-to-back shunt capacitor bank switching current, rated transient inrush icd maiet] a
transient inrush current frequency.
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Figure 3— First Half-Cycle of Recovery Voltage

4.7.1 Capacitor Bank Current.

Circuit breakers are to be applied according to the actual capacitance current they are required to ihteraijpig T
should be selected to include the following effects.

1) \oltage Factor. The nameplate reactive power rating of the capacitor bank, in kilovars, is to be editipli
the ratio of the maximum service voltage to the capacitor banleplate voltage when calculating the
capacitance current at the applied voltage. This factor can be as large as 1.hpsiniters can be operated
continuously up to 10 percent above the capacitor rated voltage.

2) Capacitor Tolerance. The manufacturing tolerance in capacitanceliso +15 percent with a more frequent
average of-0 to +5 percent. A multiplier in the range of 1.05 to 1.15 should be used to adjust the nominal
current to the value allowed by tolerance in capacitance.

3) Harmonic Component. Capacitor banks provide a low-impedance path for the flow of harmonic currents.
When capacitor banks are ungrounded, no path is provided for zero-sequence harmonics (thireitsjxth, ni
etc), and the multiplier for harmonic currents is less. A multiplier of 1.1 is generally usedjfoursded
neutral bank and 1.05 for an ungrounded neutral.

In the absence of specific information on multipliers for the above factors, itswally be conservative to use a total
multiplier of 1.25 times the nominal capacitor current at rated capacitor voltage for ungrounded neutrahcgredtati
1.35 times the nominal current for grounded neutral operation.
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4.7.2 Isolated Capacitor Bank.

A bank of shunt capacitors is considered isolated when the inrush current on energiaived by the inductance

of the source and the capacitance of the bank being energized. As defined in 5.13.2 of ANSI/IEEE C37.04-1979, a
capacitor bank is also considered isolated if the maximum rate of change, with respect td tiamesient inrush

current on energizing an uncharged capacitor bank does not exceed the maximum rate of change otthieadymm
interrupting current at the voltage at which the circuit breaker is appliedimhing value is equal to

o _ [rated maximum voltag
Lot ax /2 operating voltage (A7)
where

= rated rms short-circuit current, in amperes
w = 2rf =377 for 60 Hz system

The ratio [(rated maximum voltage)/(operating voltage)] shaleroeed the voltage range fackoas given in ANSI
C37.06-1979, Tables 1 through 5.

4.7.3 Back-to-Back Capacitor Bank.

The inrush current of a single bank will be increased when other capacitor banks are connected tolthe. gesne
defined in 13.3 of ANSI/IEEE C37.04-1979, a capacitor bank is considered switched badk ifath@bighest rate

of change of inrush current on closing exceeds that specified for isolated capacitor banks of 5.13.2 of ANSI/IEEE
C37.04-1979.

4.7.4 Inrush Current.

The energization of a capacitor bank by the closing of a circuit breaker will resultainsgent inrush current. The
magnitude and frequency of this inrush current is a function of the following: applied voltage (point ornage vol
wave at closing), capacitance of the circuit, inductance in the circuit (amount and locatiohprgeyon the capacitor
bank at the instant of closing, and any damping of the circuit due to closing resistors or other résifiargiecuit.

The transient inrush current to a single (isolated) bank is less than the availablarshibrturrent at the capacitor
bank terminals. Since a circuit breaker must meet the momentary current reqtsrefitbe system, transient inrush
current is not a limiting factor in isolated capacitor bank applications.

When capacitor banks are switched back to back, that is, when one bank is switchedatindelzank is connected
to the same bus, transient currents of prospective high magnitude and with a high naturatyregyeflow between
the banks on closing of the switching device or in the event of a restrike on opening. Tkigogcilirrent is limited
only by the impedance of the capacitor bank and the circuit between the energized bank or banksvatuhdide
bank. This transient current usually decays to zero in a fraction of a cycle of the systemdyetn the case of back-
to-back switching, the component supplied by the source is at a lower frequency aradl $ionsay be neglected.
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Table 1— Inrush Current and Frequency for Switching Capacitor Banks

Condition Quantity When Using Currents
Energizing an isolated bank imax pk(@mperes) LAL)1 %1y
f (hertz) f l'sc
ST,
1
Energizing a bank with another on the i pk(@mperes) 1747 (Vi) x15)
same bus (Leg) (Ip+15)
f (kilohertz) (Vi +15)
95 | ——+— =
(Leq)(l 1 %1y)
Energizing a bank with an equal bank  imay pk(@mperes) 1235 (Vi)
energized on the same bus Leq
f (kilohertz) 135 (f (VL)
. (Leq)(l 1)

fs =System frequency

Leg=Total equivalent inductance per phase between capacitor banks, in microhenrys

I1, I, =Currents of bank being switched and of bank already energized, respectively. Capacitor bank lobied swit
assumed uncharged, with closing at a voltage crest of the source voltage. The current used sidmittiencl
effect of operating the capacitor bank at a voltage above nominal rating of the capacitoesedfettiof a
positive tolerance of capacitance. In the absence of specific information, a multidliébdimes nominal
capacitor current would give conservative results

imax pk=A peak value calculated without damping. In practical circuits it will be about 90 percart véiue

V| L =Rated maximum voltage in kilovolts

Isc=Symmetrical rms short-circuit current, in amperes.

4.7.4.1 Method for Calculating Transient Inrush Currents.

Table 1 gives the formula for calculating inrush current and frequency for both isolated and badkeapaaitor
bank switching, neglecting resistance. These formulas are based on the following funblm’mimashipﬁ:

_ E sin(t/JLC)

JL/C

i K= A/QELL %]

max p A/é ’ Leq
f= ;
21, Lo Ceq
where

C= farads

L= henrys

I = amperes

f= hertz

4See Appendix B.
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