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Abstract: This standard is applicable to ac circuit switchers designed for outdoor installation and
for rated power frequencies of 50 Hz and 60 Hz and rated maximum voltages of 15.5 kV through
245 kV. It is applicable only to three-pole circuit switchers for use in three-phase systems. This
standard is also applicable to the operating devices of circuit switchers and to their auxiliary
equipment. Included in this document are the normal and special service conditions under which
the ratings are based and requirements for design and construction, which include those for
interrupting media, stored energy systems, operating characteristics, mechanical loading and
operation capabilities, electrical insulation, and auxiliary devices. The rating structure establishes
the basis for all assigned ratings, including continuous current, dielectric withstand voltages,
primary-bus fault breaking current, transformer-limited fault breaking current, short-circuit making
current, transient recovery voltages, and capacitor switching, plus associated capabilities such as
mechanical endurance and operation under high- and low-temperature environmental extreme=.
Routine (production) tests are defined and requirements for their execution documented.

Keywords: circuit switcher, coordinated disconnect, design tests, IEEE C37.016; intcrrug.ar,
operating mechanism, primary-bus fault, production tests, ratings, service conditio.'s, s.wored
energy, transformer-limited fault, transient recovery voltage
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-uce, a.»
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standw:ds
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through o
consensus development process, approved by the American National Standards Institute (“A. 130", which
brings together volunteers representing varied viewpoints and interests to achieve the fina' product.
Volunteers are not necessarily members of the Institute and participate without compensz ‘ion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the concans. s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of w2 info. mation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material ¢ ntan =d in its standards, and
expressly disclaims all warranties (express, implied and statutory) not incluted in this or any other
document relating to the standard, including, but not limited to, the var anties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effec.’ vencss, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions rel 'ting to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITIT AL L + AULTS.”

Use of an IEEE standard is wholly voluntary. The exister<> o1 an 1EEE standard does not imply that there
are no other ways to produce, test, measure, purchase, n.arket or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpo.it 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.

In publishing and making its standards av~:'2bic, "EEE is not suggesting or rendering professional or other
services for, or on behalf of, any perron ¢ r <ati‘y nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any ; ersu. utilizing any IEEE Standards document, should rely upon his
or her own independent judgment 1 the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of.a vorypetent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL 1. "EE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR' CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT 01" SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS. INTEKMUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER « N UONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGADLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Transiations

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.
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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 or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or 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, regardles: ot
membership affiliation with IEEE. However, IEEE does not provide consulting information or «dvic»
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in *be 1 xrm Uf a
proposed change of text, together with appropriate supporting comments. Since IEEE standaras epresent a
consensus of concerned interests, it is important that any responses to comments and quest’ons also receive
the concurrence of a balance of interests. For this reason, IEEE and the members ~f i3 societies and
Standards Coordinating Committees are not able to provide an instant response to cemmen. or questions
except in those cases where the matter has previously been addressed. For the san.> rea..>n, 2EE does not
respond to interpretation requests. Any person who would like to particineic in i1ovisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should ccuamit all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards docui.2n. does not imply compliance to any applicable regulatory
requirements. Implementers of the stancare are responsible for observing or referring to the applicable
regulatory requirements. IEEE does nct, b~ th_ publication of its standards, intend to urge action that is not
in compliance with applicable laws, . nd \hese documents may not be construed as doing so.

Copyrights

IEEE draft and approved s.>udards are copyrighted by IEEE under U.S. and international copyright laws.
They are made availanle v v IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by rc“erence, in laws and regulations, and use in private self-regulation, standardization,
and the prome’icn of eng.aeering practices and methods. By making these documents available for use and
adoption” by |, ublic authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Phkatucopies

Sub,>ct 20 payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
p.-stocopy portions of any individual standard for company or organizational internal use or individual,
aon-commercial use only. To arrange for payment of licensing fees, 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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Updating of IEEE Standards 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.

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 order to determine whether a given document is the current edition and whether it has been amedec
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Webs'te ot
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previous'y. Tor 1. ore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-S:. Weclie at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA V’ebsiw at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to -~herk this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation ot ‘his .*anaard may require use of subject matter
covered by patent rights. By publication of this standard, =9 pcsition is taken by the IEEE with respect to
the existence or validity of any patent rights in connectic n thcrewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter v Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or mnvilling to grant licenses under patent rights without
compensation or under reasonable rates, witli reasonuble terms and conditions that are demonstrably free of
any unfair discrimination to applicants desir1-.g to obtain such licenses.

Essential Patent Claims may exist fcr 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 validit; ¢= scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connc-~%ion with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonab’'> or non-discriminatory. Users of this standard are expressly advised that
determination of the ~al'dity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibil. 'v. F irther information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C37.016-2018, IEEE Standard for AC High Voltage Circuit Switchers Rated
15.5 kV through 245 kV.

This standard is being revised to remove references to IEC documents and to, where appropriate, use
references to IEEE documents. Since the first release of this standard in 2006, there have not been
significant technical issues with the standard, so the technical content is intended to be consistent with the
2006 version.

8
Copyright © 2019 IEEE. All rights reserved.



https://www.stdhive.com/standards/ieee-c37016-2018-pdf/

Contents

L. OVETVIEW ...ttt ettt eb et ettt bbbt bt et e et et e bt sh e bt e bt ea b et et e s bt sa e e bt ebeeut et ennenee 11
I 103 o 1< PP SSS 11
2. NOTMALIVE TEITEIICES. ... v eeutieteeie et eeteetie et et et et et e st esbe e teebeeneesaeesaeeeseesae e st anteenseeneesseeaseeseenseenneeneennes 11
TR D 1< 0¥ L ()1 1RSSR 12
4. Normal and special Service CONAILIONS ........cc.eecvieiiiieiieriiesieeie ettt e sre e ereebeeeaeseeesaeesaeesseesaeessesanas 12
4.1 Normal SeTvice CONAILIONS ......eertieruiiiieiiite ittt ettt ettt te st e et tesite st e seeeneeeteesteeneesneeseeeean '3
4.2 Special Service CONAILIONS. .......ccviiriieiiiieiteeitieteereere et eseesteeaeeseeeeeeeeesreesseeseessesssesssesseesfuensneennns 15
S RALIIES .ottt ettt ettt ettt e et et e st eeteeste e be e b e esbeetbeesbeeseesaenseerseensesneesseeseenseenseessenns aeesrees 14
ST GENETAL ..ttt e h ettt be s bt bt et e e nae bt eaeenteneente e 14
5.2 Rated maximum VOItAZE (Ur).....eevveeureieeieniieiiesiieieeie e stesieeee e eeessaesseesseesseise e st eenaeenseeneeans 14
5.3 Rated inSulation LeVEL ......c..coiiiiiiiiiiiiir ettt eees e aeeaeeneennenee 15
5.4 Rated pOWET fIEQUENCY (f1) woovverreerrieiieieeieeiiesieeste et teseeste et eteeseeenaessaesnaneess ee eaesnsesseesseenseensenns 15
5.5 Rated continUouS CUITENE (£;) .veeeveeervieeerieeiieeieeeiieeeteeeieeereessaeeeseessseees D ervees eessseesssessseessesssesssnes 15
5.6 Rated short-time withstand CUTeNt (k)........eeeveeerueeeirieeiiieeiieeieeecreeseeeciee e e eieeeveeereesereeseseeeenas 16
5.7 Rated peak withstand Current (Zp) «.....eoeverveeereeieneenienenininndcnd bttt 16
5.8 Rated duration of SHOIt-CIrCUIt (£k)...veeveererrrerieirieiieie e eee et eetes e s i i et e st e e eteeaeeeresreesreereenrens 16
5.9 Rated control voltage of operating devices and of auxiliary 7nd conwol circuits (Ua) ....ocoeeevenennee. 16
5.10 Rated control frequency of operating devices and auXilinry CirCritS ..o.eveeeeeerieresieeeeeeeeeee 16
5.11 Rated pressures of compressed gas supply for insulat. »n, ¢»eration, and/or interruption............... 16
5.12 Rated primary-bus fault breaking Current (Zpbf) ... v iveeeis corieriieieereeeeeee e esieesreeaesaesreesreesseesseens 16
5.13 TRV related to the rated primary-bus fault breakit,x Cw cent........c.occvevcveviienierienice e 19
5.14 Rated transformer-limited fault breaking Current (Ztf)...........cceeeevveecreeieniienieneeseeee e eeeseesreenens 24
5.15 Rated TRV related to the transformer-limi ed fault breaking current............cccceevveveivviirceeniieniennns 24
5.16 Rated short-circuit making CUrrent (£in) - cioeiveeiiieiiecee ettt e st e steesreereeaeseaesseesseesseenseens 26
5.17 Rated OPErating SEQUEIICE ......cuverveeeceriiis ererieeteeteeseestesseesseesseesseesseessesssesseessesssesssesssessessseessesssenns 26
5.18 Rated capacitive SWILCRING CUITEI S /... c..evieiiieiieieeie e ete ettt ettt sseesseeaeseesseesneeseenseens 26
5.19 Rated tiMe QUANLILIES ......eeeeaicees o hieiieitiesitett et e et et e st ete et e enaeesaessaesseenseensesnsesnsesseesseanseenseans 28
5.20 Mechanical Operations €NAUL MICCH  ......ecueruieriieriieieeie e etesteeeeeteetessaesseesseesseesesnsesnsesseesseenseansenns 30
5.21 Rated static terminal IOAGA ©i . couiiiieie ettt 30
5.22 Rated ice-breaking aliilify, ........cooieiieiieieeieeee ettt 32
6. Design and CONSIITUCTION . ..eouuiiiieeieitieitieite ettt ettt ettt et ee e et e s st e bt e bt e teemeeemeesseesseenteanseenseeneesneenneas 32
6.1 Requirements. "or 1. TUIdS 1N CIFCUIL SWILCHETS ....c.vveeiiiiiieeiieeiee ettt e e 32
6.2 Requirements tu = gdses in CIrcUit SWItChETS. .......c.oiiiiiiiiiiiiieeeee e 32
6.3 Ground i, Of CITCUL Tt SWILCRETS ....oouiiiiiiiiiiieii e 32
6.4 Auxilic vy and control equipment and CITCUILS.......eervieviiiereeriierieeteeteereeeesteesreesseeaessresseesseesseessenns 33
6.5 Depunder £ POWET OPEIALION ......vveuvieerieirieiiesttesteesteeteeteestesseesseesseesseessesssesssesseesseessesssesssessessseessesssenns 33
6.6:StOT€d UNETEY CLOSINE ....eiviiiiiiieiieie e et ettt ettt ae st e steesteesbeesseesbeessesseesseesseesseessesssesssesseesennsenns 33
A7 11anually Operated TEIEASES. ... ..vevvieiieiieieetierieerte ettt ete ettt ettt e et eeeae st e st e e beebeenaesenesseesneeseenseans 34
6.8 CCTALION O TEICASES ..o.uviuieiieiieiieie ettt ettt st et e et et e e steestessaesseeseenseensesnsesseesseenseenseans 34
L B 31 1<) o USSR 34
0. 10 LOCKING AEVICES ...ttt ettt ettt ettt ettt e se e et e bt et e enteeneeeseenbeenseenaeeneeens 36
6.11 POSTHON TNAICATION ..ottt ettt ettt ettt e et e et ees e e s st e beesseeseeneesmeesneesneenseeneeans 36
6.12 Degrees of protection provided DY enclOSUIES..........cooiiiiirieieieese e 36
6.13 Creepage distances for outdoor INSUIALOTS ........c.coiiiiiiriiriieeiietieee e 36
6.14 Gas and VACUUM IZNINESS .....eiuieuieieiiitieteet ettt ettt et et st e bttt eae et e e sbestesbeeneeneeneensenes 36
6.15 Tightness fOr lIQUIA SYSEEIMS .....ccvievieiieieitieriesieeteeteetesee it eteesbeebeesaestaesseesseesseessesssesseesseensasssenns 36
9

Copyright © 2019 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-c37016-2018-pdf/

6.16 FIAMMADIIILY .....eeeeeieiieeee ettt ettt ettt ettt e et e bt bt e st et e e beseeebeeneeneeneensenes 36

6.17 Electromagnetic compatibility (EMC).......c.covveiiiiriiiiiiiiiieeiieie ettt sieeve e sae e e sseesseense e 36
6.18 XTAY CIMISSION. ....veeurieiieieiesitesteeteeteeteetesttesseesseesseassesssesssesssassessseessesssesssesseessesssesssesssesseesseessesssenns 37
6.19 Pressurized COMPONENLS. ........cvervieeiietieieitierieesteesteeteetesstesseesseesseessesssesseesseessesssesssesssesseesseessesssenns 37
6.20 PIeSSUIIZEA SYSTEITIS ....uviuveiieiietieieeteettesttesttesteeteesesseesetesseasseenseanseassessaesseesseensesnsesnsesssesseensesnsenns 37
6.21 Low- and high-pressure interlocking and monitoring devices.........c.ccoevererereerienenineneneeeenenne 37
6.22 DiISCONNECT OPEIALION ....e.vveneieeientienieeteettesttesteesseeseesesstesseesseasseanseesseassesseesseesseessessessesseesseensesnsenns 37
D TS Fea W (g o) I ] TSRS 38
A € )i 1<) Y USSR 38
0 B 1<) (T 4 T £ USSR 38
7.3 Radio interference voltage (R.IV.) tESES ...c..eoiiiiiiiiiiiiiierie et 42
7.4 ReSIStance MEASUICIMEIL .....c..eerutetieuiieiteettentienteenteeteeitesttesate bt enteenteestesbeesbeenbeebeenbesneesaeesaeenaeenseenteans 42
7.5 CONLINUOUS CUITETIE TESES ...veuviterueetienieiertenteeteeteetteteteste s st sbesteebe et estente st e ebesbeest et entenbenteabesbeeneeneensenee 42
7.6 Short-time withstand current and peak withstand current tests .........c.ocevveerierieereerieeeie e 42
7.7 Verification of the protection provided DY enClOSUIES........c.ccveviieriieciieieeiereereesie et sre e 43
7.8 TIGNINESS tSES. ... veereeureeiieiiesiieste et eteete et e stte bt e st essessaesatesaee st anseenseensesssessseseenseensesnsesnsesseesseanseensenns 43
7.9 Electromagnetic COMPAtIDIIILY tESES.......eeueriieriieriieieeie e ete st ettt teete st et sreesseeaeseesneesneeseenseens 43
7.10 X-radiation procedure for Vacuum iNtEITUPLETS ........cververierrieriieeeeieeteeeesieesseesseesesresseesseenseenseans 43
7.11 Mechanical and environmental tESES...........eeiuieiieririe ittt e e ne 43
A B (o 10 Y T L T ] SRS 49
7.13 Static terminal L0ad TEST .......ceouieiiieiieiieee ettt ettt sttt en 50
7.14 Short-circuit current making and breaking tests ..........co.ceeerieierierereeeseeeee e 50
7.15 Capacitor SWILCRING ......coeiiiiiieiieit ettt sttt ettt st seeesaeeneeeneeens 57
7.16 Design tests on pressurized COMPONENLS. ......eo.teueeierierierteateeteeteetestestesteeteeseeseeeeeesseseesseeneeseeneensenes 57
8. PIOAUCTION LESTS ...vtuvieuieutenieteiteeteeie ettt ettt ettt ettt ettt e bbbt e st e s et et e e bt sbeebe e st en s et et enbesbeebeeneenseneennen 57
BT GOINETAL ...ttt b e bt ettt b e bt b et a et et besa e bt et at et eneen 57
8.2 Dielectric test 0n the MaIN CIITCUIL......cc.ertirtiriirieieieteseste ettt ettt st eae e enees 58
8.3 Inspection and testing of auxiliary and coONtrol CIrCUItS .........c.eevvierviecieeieeiesiereee e 58
8.4 Measurement of resistance 0f MaIN CITCUIL .....c..eeueeriertiririrenceit ettt 58
8.5 TIGNNESS TSt ..eeuvietieeeeieeieeiiertt et et et e et et e bt e bt e teesaesaeesaee st esseenseansesssesssenseenseenseensesnsesseasneensennsenns 59
8.6 Design and visual ChECKS. ......coouiiiiiiiieeee ettt 59
8.7 Mechanical OPETAtiON TESTS ........eeruieuieieeieitieriee st ettt ettt et et e ete e e estesaeesseesseebeeneesneesneesneenseenseans 59
8.8 THIMINE TESS ..eeutieuiieiieeite ettt ettt ettt ettt e b e b e bt et e e st e saeesb e e bt e bt ea b e eateebeeabeenbeenbeenseeaeesae 59
8.9 (GAS SYSTEII PIESSUIE TESTS. . cuueeureeuiiruteriiertiertteteeteette et e stte st eeteesteestesaee st eenbeenbeeneeeateeaeeabeenbeenbeensesneesae 59
8.10 VaCUUM TNEEGIIEY TESTS 1uveeuvientieiieiteitieetiest ettt ettt et e st e bt este s atesaeesbee bt e bt e s e eatesbeesbeenbeenbeeneesneesae 59
10

Copyright © 2019 IEEE. All rights reserved.



IEEE Standard for AC High Voltage
Circuit Switchers Rated 15.5 kV
through 245 kV

1. Overview

1.1 Scope

This standard is applicable to ac circuit switchers designed for outdoor installation and for rated power
frequencies of 50 Hz and 60 Hz and rated maximum voltages of 15.5 kV through 245 kV. It is applicable
only to three-pole circuit switchers for use in three-phase systems. This standard is also applicable to the
operating devices of circuit switchers and to their auxiliary equipment. It includes the basis of rating,
preferred ratings and test procedures for circuit switchers.

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.

IEC 60507:2013, Artificial pollution tests on high-voltage ceramic and glass insulators to be used on a.c.
systems. !

IEC 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use in polluted
conditions—Part 1: Definitions, information and general principles.

IEEE Std 4™-2013, IEEE Standard for High-Voltage Testing Techniques.? 3

IEEE Std C37.30.1™-2011, IEEE Standard Requirements for AC High-Voltage Air Switches Rated Above
1000 V.

"TEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA.

2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

3 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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