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|EEE Standards documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed within
IEEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE that have expressed an interest in partici-
pating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard
does not imply that there are no other ways to produce, test, measure, purchase, mar-
ket, 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 com-
ments received from users of the standard. Every IEEE Standard is subjected to
review at least every five years for revision or reaffirmation. When a document is
more than five years old and has not been reaffirmed, it is reasonable to conclude that
its contents, although still of some value, do not wholly reflect the present state of the
art. Users are cautioned to check to determine that they have the latest edition of any
IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,

regardless of membership affiliation with IEEE. Suggestions for changes in docu-

ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

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 appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, 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 technical com-
mittees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, |IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE standards documents may involve the use of patented technology.| Their
approval by the Institute of Electrical and Electronics Engineers does not mean that
using such technology for the purpose of conforming to such standards is autmorized
by the patent owner. It is the obligation of the user of such technology to obtain all

necessary permissions.
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Introduction

(This introduction is not a part of IEEE Std 824-1994, IEEE Standard for Series Capacitors in Power Systems.)

This standard was revised in response to the advances made in series capacitor equipment and use of
metal oxide in the protection systems for series capacitor banks. The principal objective of this standard is
to provide a basis for uniformity in design and testing, and to assist users in the application of series
capacitor equipment.

This standard was revised by a working group sponsored by the Capacitor Subcommittee of the Transmis-
sion and Distribution Committee of the IEEE Power Engineering Society.

At the time that this standard was approved, the Capacitor Subcommittee had the following membership:

W. E. Reid, Chair S. B. Ladd, Secretary

I. Ares C. Ervin A. S. Mehraban
J. Barcus B. C. Furumasu S. A. Miske, Jr.
F. D. Barrow, Jr. J. E. Harder J. Nelson

B. Bhargava W. M. Hurst G. R. Newcomb*
J. A. Bonner J. A. Lapoint D. R. Ruthman
S. H. Cheng J. Lapp J. Samuelsson
M. Chow A. Maguire R, Thallam

H. E. Church J. Maneatis K. K. Williams
C. R. Cusick T. C. Wong

*NEMA Member

The working group that developed this standard consisted of the following members:

B. Bhargava S.B. Ladd A.S. Mehraban

C. R. Cusick J.A. Lapoint S.A. Miske

M. Granger J. Lapp G.R. Newcomb*
S. Hertz J. Maneatis J. Samuelsson

W. M. Hurst R. Thallam

*NEMA Member

The following persons were on the balloting committee:

J. E. Applequist J. G. Kappenman R. J. Piwko

J. J. Burke G. G. Karady R. S. Prabhakara

V. L. Chartier N. Kolcio E. W. Reid

C. C. Diemond T. J. McDermott D. Reisinger

D. A. Gilles F. D. Myers F. A. M. Rizk

I. S. Grant D. L. Nickel B. R. Shperling

W. S. Henry S. L. Nilsson J. Vithayathil
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When the IEEE Standards Board approved this standard on June 14, 1994, it had theyfolembership:

Wallace S. Read, Chair Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Gilles A. Barril Donald N. Heirman Joseph L. Koepfinger*
Bruce B. Barrow Richard J. Holleman D. N. “Jim” Logothetis
José A. Berrios de la Paz Jim Isaak L. Bruce McClung
Clyde R. Camp Ben C. Johnson Marco W. Migliaro
James Costantino Sonny Kasturi Mary Lou Padgett
Stephen L. Diamond Lorraine C. Kevra Arthur K. Reilly
Donald C. Fleckenstein E. G. “Al" Kiener Ronald H. Reimer
Jay Forster* Ivor N. Knight Gary S. Robinson
Ramiro Garcia Leonard L. Tripp

*Member Emeritus

Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal
James Beall

Richard B. Engelman
David E. Soffrin

Rachel A. Meisel
| EEE Standards Project Editor
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IEEE Standard for Series Capacitors in
Power Systems

1. Overview

1.1 Scope

This standard applies to capacitors and assemblies of capacitors, insulation means, switching, protective
equipment, and control accessories that form a complete bank for inserting in series with a transmission line.
Included are requirements for safety, rating, and protective device levels. Functional requirenzdatsfo
devices, maintenance, design and production tests, and a guide for operation are included. Functional
requirements for protective devices are addressed, including varistors and bypass gaps.

2. References
This standard shall be used in conjunction with the following publications:

ANSI C29.8-1985, American National Standard for Wet-Process Porcelain Insulators (Apparatus, Cap and
Pin Type)!

ANSI C29.9-1983, American National Standard for Wet-Process Porcelain Insulators (Apparatus, Post
Type).

ANSI C57.16-1958 (R 1971), American National Standard for Reactors, Requirements, Terminology and
Test Code for Current Limiting Reactors (See Appendix, ANSI C57.99-7965).

ANSI C93.3-1981, American National Standard for Requirements for Power Line Carrier Coupling Capaci-
tors and Coupling Capacitor Voltage Transformers.

ANSI Z55.1-1967 (R 1973), American National Standard for Gray Finishes for Industrial Apparatus and
Equipment

IEEE Std 4-1978, IEEE Standard Techniques for High Voltage Testing (ANSI).

1ANSI publications are available from the Sales Department, American National Standard )dstitvest 42nd Street, 13th &ip
New York, NY 10036, USA.

2ANSI C57.16-1958 has been withdrawn; however, copies can be obtained from the Sales Department, American &tadamisl St
Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

SANSI Z55.1-1967 has been withdrawn; however, copies can be obtained from the Sales Department, AmerichrStdatiands
Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

4EEE publications are available from the Institute of Electrical and Elecs@migineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
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IEEE Std 18-1992, IEEE Standard for Shunt Power Capacitors (ANSI).
IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms PANSI).

IEEE Std 1313-1993, IEEE Standard for Power Systems—Insulation Coordination (Fohi&il C92.1-
1987) (ANSI).

IEEE Std C37.09-1979 (Reaff 1988), IEEE Standard Test Procedure for AC High-Voltage Breakers Rated on
a Symmetrical Current Basis (ANSI).

IEEE Std C57.12.00-1993, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power,
and Regulating Transformers (ANSI).

IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers.

IEEE Std C57.19.00-1991, IEEE Standard General Requirements and Test Procedure for Outdoor Power
Apparatus Bushings (ANSI).

IEEE Std. C62.11-1993 IEEE Standard for Metal-Oxide Surge Arresters for Alternating Current Power Cir-
cuits (ANSI).

NEMA LA1-1992, Surge Arrestefs.

3. Definitions

The definitions used in this standard can be found in IEEE Std 10021832me instances, the definition
in IEEE Std 100-1992 may be either too broad or too restrictive. In such a case, an additional definition or
note has been included.

3.1 ambient temperature: The temperature of the medium such as air, gas, or water, into which the heat of
the equipment is dissipated.

3.2 bypass current: The current flowing through the bypass switch, protective device, or other devices, in
parallel with the series capacitor.

3.3 bypass gap: A gap, or systems of gaps, to protect either the capacitor against overvoltage or the varistor
against thermal overload, by carrying load or fault current around the protected equipment for some speci-
fied time. The bypass gap normally consists of a power gap and a triggér circu

3.4 bypassinterlocking device: A device that requires all three phases of the switch to be in the same open
or closed position.

3.5 bypass switch: A device such as a switch or circuit breaker used in parallel with a series capacitor and
its protective device to shunt line current for some specified time or continuously. This device may also have
the capability of inserting and bypassing the capacitor into a circuit carrying a specified level of current.

SIEEE Std 100-1992 states that wave shape designation is measured in microseconds (ps)cdbfasmd, in this standard wiee
other units of measurement are necessary, units ns, Us, or ms are shown after all wave shape designations.

SNEMA publications are available from the National Electrical Manufacturers A¢isogial01 L Street NW, Washington, DC 20037,
USA.

“Information on references can be found in clause 2.
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IEEE
CAPACITORS IN POWER SYSTEMS Std 824-1994

3.6 capacitor: An assembly of one or more capacitor elements in a single container, with one or more insu-
lated terminals brought out.

3.7 capacitor bus. The main conductors that serve to connect the capacitor assemblies in series with the
line.

3.8 capacitor element: The smallest unit of a capacitor consisting of metallic foil plates separated by a
dielectric film made typically of a polymer, paper, or combination of the two materials.

3.9 capacitor fuse: A capacitor fuse that provides an externally visible indication of fuse operation.

3.10 capacitor group: An assembly of more than one capacitor connected in parallel between two buses or
terminals (see figure 1).
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Figure 1—Typical series capacitor bank nomenclature
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3.11 capacitor platform: A structure that supports the capacitor rack assemblies and all associated equip-
ment and protective devices, and is supported on insulators compatible with line-to-ground insulation
requirements.

3.12 capacitor rack: A frame that supports one or more capacitors.

3.13 capacitor segment: A single-phase assembly of groups of capacitors that has its own voltage-limiting
device and relays to protect the capacitors from overvoltages and overloads (see figure 1).

3.14 capacitor switching step: A three-phase function that consists of one or more capacitor segments per
phase with capacitor bypass devices connected in parallel control devices, and provision for interlocked
operation of the single-phase or three-phase switches when bypassing or inserting the capacitor segments
(see figure 1). This is sometimes referred to as a capacitor module.

3.15 capacitance unbalance detection function: The detection of objectionable unbalance in capacitance
between capacitor groups within a phase, such as that caused by blown capacitor fuses or faulted capacitors,
and to initiate an alarm, the closing of the capacitor bypass switch, or both.

3.16 discharge current limiting device: A reactor or equivalent device to limit the current magnitude and
frequency of the discharge of the capacitors during closing operations of the bypass switch or gap (see
figure 1).

3.17 discharge device: An internal or external device permanently connected in parallel with the terminals
of a capacitor for the purpose of reducing the residual voltage after the capacitor is disconnected from an
energized line.

3.18 external line fault: A fault that occurs on lines or equipment other than the transmission line that
includes the series capacitor installation.

3.19 forced-triggered gap: A bypass gap that is designed to operate on external command on quantities
such as varistor energy, current magnitude, or rate of change of such quantities. The sparkover of the gap is
initiated by a trigger circuit. After initiation, an arc is established in the power gap. Forced-triggered gaps
typically sparkover only during internal faults.

3.20 fused capacitor: A capacitor in combination with a fuse, either external or internal to the case.

3.21 insertion: The opening of the capacitor bypass device to place the series capacitor in service with or
without load current flowing.

3.22 insertion current: The steady state root-mean-square current that flows through the series capacitor
after the bypass device has opened.

3.23 insertion voltage: The steady state root-mean-square voltage appearing across the series capacitor
upon the interruption of the bypass current with the opening of the bypass device.

3.24insulation level: The combination of power frequency and impulse test voltage values that characterize
the insulation of the capacitor bank with regard to its capability of withstanding the electric stresses between
platform and earth, or between platform-mounted equipment and the platform.

3.25internal linefault: A fault that occurs on the transmission line section that includes the series capacitor
installation.
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3.26 lockout protection function: A function that blocks the opening of the bypass switch and prevents
insertion of the switching steps, following the closure of the bypass switch from a cause that warrants
inspection or maintenance.

3.27 loss of control power protection: A means to initiate the closing of the bypass device upon the loss of
normal control power.

3.28 overload detection: A means to detect excessive overload of series capacitor bank components and to
initiate an alarm signal, the closing of the associated bypass switch, or both.

3.29 platform control power: Energy source(s) available at platform potential for performing protection
and control functions.

3.30 platform fault-detection: A means used to detect insulation failure on the platform that results in cur-
rent flowing from normal current-carrying circuit elements to the platform.

3.31 platform-to-ground signaling devices: Devices to transmit protection, control, and alarm functions to
and from the platform.

3.32 power gap: The part of the bypass gap that carries the fault current after sparkover of the bypass gap.

3.33 protective device: A bypass gap, varistor, or other device that limits the voltage on the capacitor seg-
ment to a predetermined level when overcurrent flows through the series capacitor (thatgssyhiem

faults, system swings, or other abnormal events), and that is capable of carrying capacitor discharge, system
fault, and load current for the specified duration.

3.34 protective level of the bypass gap: The maximum instantaneous voltage (including tolerance) appear-
ing across the capacitor immediately before or during operation of the bypass gap.

3.35 protective level of the varistor: The maximum instantaneous voltage appearing across the capacitor at
a specified current through the varistor.

3.36 reinsertion: The restoration of load current to the series capacitor from the bypass path (see figure 1).

3.37 reinsertion current: The transient current, load current, or both, flowing through the series capacitor
after the opening of the bypass path.

3.38 reinsertion voltage: The transient voltage, steady-state voltage, or both, appearing across the series
capacitor after the opening of the bypass path.

3.39 self-triggered gap: A bypass gap that is designed to sparkover on the voltage that appears across the
gap terminals. The sparkover of the gap is normally initiated by a trigger circuit set at a specified voltage
level. A self-triggered bypass gap may be used for the primary protection of the capacitor. The self-triggered
gap may sparkover during external as well as internal faults.

3.40 series capacitor: A device that has the primary purpose of introducing capacitive reactance in series
with an electric circuit.

3.41 series capacitor bank: An assembly of capacitors and associated auxiliaries, such as structures, sup-
port insulators, switches, and protective devices, with control equipment required for a completegoperat
installation.

3.42 subharmonic detector: A device that detects subharmonic current of specified frequency and duration
and initiates an alarm signal or corrective action.
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