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Grateful Acknowledgment from The IEEE/PES Shunt Capacitor Standard Working Group to the
International Electrotechnical Commission (IEC) for permission to reproduce information from its
International Standard IEC 60871-4 ed. 1.0. (1996). All such extracts are copyright of IEC, Geneva,
Switzerland. All rights reserved. Further information on the IEC is available from www.iec.ch. IEC has no
responsibility for the placement and context in which the extracts and contents are reproduced by the Shunt
Capacitor Standard Working Group, nor is IEC in any way responsible for the other content or accuracy
therein. Non-exclusive, irrevocable, royalty-free permission to use this material is granted for world rights
distribution, with permission to modify and reprint in all future revisions and editions of the resulting draft
and approved IEEE standard, and in derivative works based on the standard, in all media known or
hereinafter known.

Abstract: Power capacitors rated 216 V or higher, 2.5 kvar or more, and designed for shunt
connection to alternating-current transmission and distribution systems operating at a nominal
frequency of 50 Hz or 60 Hz, are considered.
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board. IEEE develops its standards through a consensus development process, approved by the American National
Standards Institute, which brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and serve without compensation. While IEEE administers the process
and establishes rules to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. IEEE disclaims liability for any personal injury, property or other damage, of
any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, or reliance upon any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained in its standards is free from patent infringement. IEEE Standards documents are supplied "AS
IS."

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market, or
provide other goods and services related to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a
standard is approved and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE standard is subjected to review at least every ten years. When a document is
more than ten years old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other services for, or on
behalf of, any person or entity. Nor is IEEE undertaking to perform any duty owed by any other person or entity to another.
Any person utilizing any IEEE Standards document, should rely upon his or her own independent judgment in the exercise of
reasonable care in any given circumstances or, as appropriate, seek the advice of a competent professional in determining the
appropriateness of a given IEEE standard.

Translations: The IEEE consensus development process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English version published by IEEE should be considered the approved IEEE standard.

Official Statements: A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered the official position of IEEE or any of its committees and shall not be considered to
be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an individual
presenting information on IEEE standards shall make it clear that his or her views should be considered the personal views of
that individual rather than the formal position of IEEE.

Comments on Standards: Comments for revision of IEEE Standards documents are welcome from any interested party,
regardless of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining
to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important to ensure that any responses to comments and questions also receive the concurrence of a balance of interests. For
this reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to comments or questions except in those cases where the matter has previously been addressed. Any person who
would like to participate in evaluating comments or revisions to an IEEE standard is welcome to join the relevant IEEE
working group at http://standards.ieee.org/develop/wg/.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Photocopies: Authorization to photocopy portions of any individual standard for internal or personal use is granted by The
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document 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 documents 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-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. 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 standard 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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Introduction

| This introduction is not part of IEEE Std 18-2012, IEEE Standard for Shunt Power Capacitors.

This standard’s principal objective is to provide a basis for uniformity in design, manufacturing and testing
of shunt power capacitors.

As part of this revision, portions of NEMA CP1 have been incorporated into IEEE Std 18-2012. After
approval and publication of this revision, NEMA plans to withdraw NEMA CP1. In the future, the NEMA
working group for power capacitors will provide input to the IEEE Shunt Capacitor Standard Working
Group to update IEEE Std 18.

A subclause on internal fuses for internally fused capacitors has been added to Clause 6.

Clause 7, the testing clause, has been divided into sections on design tests and production tests. Appropriate
design and production tests have been added for internally fused capacitors. In addition, a significant new
design test, 7.1.6 Performance test, has been added to the standard.

A new annex has been added to cover the test procedure for the disconnecting test on internal fuses for
internally fused capacitors.
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IEEE Standard for Shunt Power

Capacitors

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health,

or environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with

all appropriate safety, security, environmental, health, and interference protection practices and all

applicable laws and regulations.

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. Scope
H-Overview

This standard applies to_power capacitors rated 216 V or higher, 2.5 kvar or more, and designed for

shunt connection to alternating current transmission and distribution systems operating at a

nominal frequency of 50 Hz or 60 Hz,—within—thegb&dehﬁe&ef—%‘étd—w%ém—liﬁf.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

1
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ASTM D1535-64, Standard Practice for Specifying Color by the Munsell System.1
IEEE Std ,1036'"'-1992 IEEE Guide for Application of Shunt Power Capacitors.”

IEEE Std 1313.2T <1999, IEEE Guide for the Application of Insulation Coordination

NEMA CC 1-2009, Electric Power Connection for Substa’cions.4

NEPA 70 2002,, National Electrical Code® (NEC®).’

IM . .

]ASTM publications are available from the American Society for Testing and-Materials, 100 Barr Harbor Drive, West Conshohocken,

PA19248-2959, USA (http://www.astm.org/).

? IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/).

’ The IEEE standards referred to in Clause 2 are trademarks belonging to the Institute of Electrical and Electronics Engineers, Inc.

4NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA
(http://global.ihs.com).

5NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101, USA.
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

6
Dictionary Online should be consulted for terms not defined in this clause.

ambient temperature: The temperature of the air medivm,such-as-air—water—or-earth-into which

the heat of the equipment is dissipated.

NOTE 1—For self-ventilated equipment, the ambient temperature is the average temperature of the

air in the immediate neighborhood of the equipmerl‘c.Z

NOTE 2—For air or gas-cooled equipment with forced ventilation or secondary water cooling, the

ambient temperature is taken as that of the ingoing air or cooling gas.

NOTE 3—For self-ventilated enclosed (including oil-immersed) equipment considered as a complete
unit, the ambient temperature is the average temperature of the air outside of the enclosure in the

immediate neighborhood of the equipment (see 5.7) and-Fable 2}

capacitor bank: An assembly at one location of capacitors and all necessary accessories, such as
switching equipment, protective equipment, controls, etcetera, required for a complete operating
installation. It may be a collection of components assembled at the operating site or may include

one or more piece(s) of factory-assembled equipment.

6IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.

7.
Notes within the text of a standard are given for information only and do not contain requirements needed to implement this

standard.
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capacitor element: The basic component of a capacitor unit consisting of two electrodes separated

by a dielectric.

capacitor equipment: A complete assembly of capacitors, including accessories such as buses,

connectors, dischargers, and fuses, suitable for connection to a power system.

discharge device: An internal or external device permanently intentionally connected in shunt

parallel with the terminals of a capacitor for the purpose of reducing the trapped charge residual

voltage after the capacitor bank is disconnected from the energized power system a-netweork:

externally fused capacitor bank: A capacitor bank with fuses external to the (power) capacitors.

fused capacitor: A capacitor having fuses mounted on its terminals, or inside a terminal

enclosure, or inside the capacitor case, for the purpose of disconnecting interrupting-eurrent-How-to

a failed capacitor element, unit or group.

fuseless capacitor bank: A capacitor bank without any fuses, internal or external, which is

constructed of (parallel) strings of capacitor units. Each string consists of capacitor units connected in

series.

indoor (prefix): Not suitable for exposure to the weather.

NOTE—For example, an indoor capacitor unit is designed for indoor service or for use in a

weatherproof housing{See-also-eutdeor:)

internal fuse of a capacitor: A fuse connected inside a capacitor unit, in series with an element or a

group of elements.

internally fused capacitor unit: A capacitor unit, which includes internal fuses.

internally fused capacitor bank: A capacitor bank with internally fused capacitor units.
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metal-enclosed equipment: A capacitor equipment assembly enclosed in a metal enclosure or
metal house, usually grounded, to prevent accidental contact with live parts. Sy n. metal-housed

equipment.

metal-housed equipment: See. metal-enclosed equipment.

outdoor (prefix): Designed for use outside buildings and to withstand exposure to the weather.

power capacitor (capacitor, capacitor unit): An assembly of dielectric and electrodes in a
container (case), with terminals brought out, that is intended to introduce capacitance into an electric

power circuit.

NOTE—The abbreviated term “capacitor” or “capacitor unit” is used interchangeably with “power

capacitor” through out this standard.

proof (suffix): An apparatus is designated as dustproof, splashproof, etc., when so constructed,
protected, or treated that its successful operation is not interfered with when subjected to the

specified material or condition.

rack: A structure that supports the capacitors.

string (string of capacitors) (string of capacitor elements): Capacitors connected in series between

two terminals without parallel connection(s).

4. Service conditions

4.1 Normal service conditions

Capacitors 2400 V and higher are expected to operate as indicated in the revision of IEEE Std

10361992, in effect on the date that the capacitor is manufactured.
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Capacitors shall be suitable for operation at their specified rating under the following conditions:

when

a) The ambient temperature is within the limits specified in 5.7. (Capacitors may be exposed

to the direct rays of the sun.)

b) The altitude does not exceed 1800 m (6000 ft) above sea level. See 6.5.2 and Table 4.

c) The pollution level is “Light” as defined by IEEE 1313.2-1999.

d) The impulse voltage applied between each terminal and the case does not exceed the basic

impulse insulation level (BIL) of that terminal.

e) The maximum continuous operating voltage does not exceed the rated voltage of the unit.

f) The applied voltage, including harmonics and bank unbalance, does not exceed the limit

specified in 5.3.

g) The nominal operating frequency is equal to the rated frequency.

4.2 Abnormal service conditions

If capacitors are required to operate under abnormal service conditions they may require special

construction. These conditions sueh—as—the—folowing—the—appheation should be brought to the

attention of those responsible for the manufacture and application of the equipment. Among such

abnormal service conditions are as follows the-manufacturer:
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a) Exposure to salt air, damaging fumes or vapors, steam, excessive moisture

b) Exposure to excessive, abrasive, eondueting or conductive explosive-dust

c) Exposure to explosive mixtures of dust or gases

d) Exposure to severe weather conditions

e) Exposure to abnormal mechanical shocks, tilting or vibration, including earthquakes

f) Exposure to radiated heat from surfaces (other than the sun) that are hotter than the

ambient temperature limits for capacitors given in 5.7

g) Mounting and/or arrangement that prevents adequate ventilation

h) Operation in ambient temperatures outside the range specified in 5.7 or exposure to sudden
changes in temperature or to radiated heat from surfaces whose temperature is higher than
the applicable ambient temperature. Excessive ambient temperatures may be encountered
in rooms not having normal ventilation or with unusual configurations or partitions causing
hot air pockets, or in rooms containing other heat-producing apparatus

i) Altitude higher than 1800 m (6000 ft) above sea level (see 6.5.2 and Table 4)

i) Unusual transportation or storage conditions

k) Unusual space limitations

1) Unusual insulation or voltage requirements

m) Unusual operating duty, frequency of operation or difficulty of maintenance
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