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Abstract: The scope of the guide includes the grounding practices presently used and the
practices that were not previously reported. Specifically, the issue of the grounding of cases of
electronic transducers is addressed.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The 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 the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The 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 this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, 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 herein 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 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.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

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 appropriate responses. Since IEEE Standards represent a consensus of concerned interests, 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 societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
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, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

NOTE—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 with respect to the existence or validity of
any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents for which a license
may be required by an IEEE standard or for conducting inquiries into the legal validity or scope of those patents that
are brought to its attention.

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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Introduction

This introduction is not part of IEEE Std C57.13.3™-2005, IEEE Guide for Grounding of Instrument
Transformer Secondary Circuits and Cases.

The primary emphases of this guide are personnel safety and proper performance of relays at the electric
power system frequencies. The grounding and shielding of cables and other grounding considerations are
not addressed. However, references dealing with these and related subjects are included in the bibliography
(see Annex E).

Historically, it has been a common practice in the U.S. to connect the secondary circuits of current
transformers (CTs) and voltage transformers (VTs) to the station ground. The present preferred practice is
to locate a ground on the instrument transformer secondary circuit, along with suitable ground isolation test
facilities, at the first point of application (switchboard or relay panel). The circuit ground isolation facilities
make it convenient to test the integrity of the insulation from ground.

Previous publications have made significant contributions toward making the grounding practices more
consistent in some areas. This guide includes the contributions that are generally practiced today, makes
revisions where present experience and practice show them to be desirable, and suggests grounding
techniques in new areas of interest. Diagrams are included to illustrate the grounding techniques.

This guide contains general and specific recommendations for grounding CT and VT secondary circuits
and cases of connected equipment. The recommended practices apply to all transformers of this type,
including capacitive VTs and linear couplers, irrespective of the voltage of the primary circuit or whether
the primary windings are connected to the power circuits or are connected to the secondary circuits of other
transformers, such as auxiliary CTs or VTs. Most diagrams included in this guide show relaying
applications, but the practices are equally relevant to metering and other areas where instrument
transformers are used.

Exceptions to grounding are permissible or are sometimes required when advantages obtained by not
grounding, in certain instances or in certain types of installations, are considered to outweigh the safety or
other advantages obtained by grounding. Such exceptions should comply with the recommendations of the
National Electrical Safety Code™ (NESC®) (Accredited Standards Committee C-2).?

Notice to users

Errata

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

* For information on references, see Clause 2.
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Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.

Participants

At the time this guide was completed, the I-13--Revision of C57.13.3 Working Group had the following

membership:
Mohindar S. Sachdev, Chair
Brian P. Mugalian, Vice Chair
John C. Appleyard Charles Fink James M. O’Brien
Martin F. Best Harley Gilleland R. Vittal Rebbapragada
Albert N. Darlington William G. Lowe Sahib M. Usman
Ratan Das Subinoy Mazumdar Del D. Weers
Gerald E. Fenner Peter G. McLaren Ray Young
(Corresponding Member)

y Documents
Copyright © 2006 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:08:33 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.3-2005


http://www.avadocuments.com/doc/ieee-c57-13-3-2005
http://www.avadocuments.com/doc/ieee-c57-13-3-2005

The following members of the balloting committee voted on this guide. Balloters may have voted for

approval, disapproval, or abstention.

William Ackerman
Mark Adamiak
David Aho

Steve Alexanderson
John C. Appleyard
Munnu Bajpai
Michael Baldwin
Ron Barker

Paul Barnhart
George Bartok
Gabriel Benmouyal
Martin F. Best
Wallace Binder
Thomas E. Blackburn, 111
Stuart Bouchey
Gustavo Brunello
Jeff Burnworth
Carl Bush

Tommy Cooper
Jerry Corkran
James R Cornelison
Albert N. Darlington
Ratan Das

Jerome DiSciullo
Paul Drum

Donald Dunn

Guru Dutt Dhingra
Jorge Fernandez-Daher
Walter Elmore
Gary Engmann
Charles Fink

Rabiz Foda

Marcel Fortin
Eduardo Garcia

Trilok Garg
Saurabh Ghosh
Jeffrey Gilbert
Harley Gilleland
Mietek Glinkowski
Randall Groves
Bal Gupta

Michael Haas

N. Kent Haggerty
Wayne Hansen
Jerry Hohn

James D. Huddleston, III
James Ingleson
David W. Jackson
Joseph Jancauskas
Lars-Erik Juhlin
C.J. Kalra

Gael R. Kennedy
Vladimir Khalin
Yuri Khersonsky
Ljubomir Kojovic
Boyd Leuenberger
Maurice Linker
William G. Lowe
Gregory Luri
William Marsh
John Matthews
Michael McDonald
Jeffrey McElray
Peter G. McLaren
Nigel McQuin
Bryan Melville
Gary Michel

Brian P. Mugalian
Randolph Mullikin

Jerry Murphy
Bruce Muschlitz
Krste Najdenkoski
Bradley Nelson
Jeffrey Nelson
James M. O'Brien
Dhiru Patel

Wes Patterson
Paul Pillitteri

R. Vittal Rebbapragada
Charles Rogers
James Ruggieri
Mohindar S. Sachdev
Steven Sano
Devki Sharma
Hong-Ming Shuh
Tarlochan Sidhu
H. Jin Sim

Chuck Simmons
Tarkeshwar Singh
James E. Smith
Peter Stevens
Allan St. Peter
Rick Taylor

Chris Ten Haagen
Demetrios Tziouvaras
Gerald Vaughn
Tom Wandeloski
S. Frank Waterer
Del D. Weers
James Wilson
Philip Winston
Murty Yalla

Ray Young

When the IEEE-SA Standards Board approved this application guide on 8 November 2005, it had the

following membership:

Mark D. Bowman
Dennis B. Brophy
Joseph Bruder
Richard Cox

Bob Davis

Julian Forster*
Joanna N. Guenin
Mark S. Halpin

*Member Emeritus

Copyright © 2006 IEEE. All rights reserved.

Steve M. Mills, Chair

Richard H. Hulett, Vice Chair

Don Wright, Past Chair
Judith Gorman, Secretary

Raymond Hapeman
William B. Hopf
Lowell G. Johnson
Herman Koch

Joseph L. Koepfinger*
David J. Law

Daleep C. Mohla

Paul Nikolich

T. W. Olsen

Vi

Glenn Parsons
Ronald C. Petersen
Gary S. Robinson
Frank Stone
Malcolm V. Thaden
Richard L. Townsend
Joe D. Watson
Howard L. Wolfman

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:08:33 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.3-2005


http://www.avadocuments.com/doc/ieee-c57-13-3-2005
http://www.avadocuments.com/doc/ieee-c57-13-3-2005

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative
Alan H. Cookson, NIST Representative

Michael D. Fisher
IEEE Standards Project Editor

i Documents
Copyright © 2006 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:08:33 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.3-2005


http://www.avadocuments.com/doc/ieee-c57-13-3-2005
http://www.avadocuments.com/doc/ieee-c57-13-3-2005

Contents

R0 <) 7 T SRS 1
I 103 o 1< SRR 1
LR oy oo 1SR |

2. NOTMALIVE TETETEICES. ....cuteutetiteitietieiteitet ettt ettt sttt ettt ettt st be st eb e et et et sbeebeebeebeeneeneen 2

3 DIEIINTEIONS -ttt ettt ettt et e et ekt e bt eb e emtene e s e et e teseeebeeneeneeneeneen s e s e s e anesaeebeeneenteneens 2

4. Need for grounding secondary circuits of instrument transformers and cases ..........ccccocevvererercceeenenenne. 2

5. Grounding of instrument transformer SECONAArY CIFCUILS .........eecvievereeriierrieiieieeieie et ere e see e eseesee e 3
ST GENETAL ..ottt bbbt bt e b e h e a et et b et et bt sheebe et ententen 3
5.2 BACKEIOUNG......ctiiiiiiiiiiecitecieeie ettt ettt e st s e e st e et e esbeesbeessesse e saesseessesseesssasssesseensenssenssenssensens 3
5.3 Ground connection to only one point in the secondary CIirCuit ..........cceevvereverierieerieeieriereeeeee e 4
5.4 Recommended point Of GrOUNAING ........cocveiiieiirierieieeie ettt e et e s nseenseenaessaenneas 4
5.5 Location of connection t0 SrOUNA..........coouieiiieiiriertieieeie ettt sttt et eae et et et e eneesseenneas 5
5.6 Minimum size of conductor for ground CONNECHION. .......c.eeuerierierieriteic e 7
5.7 Ground connection is0lation test fACIItIES........eeouiriiriiriei et 8

6. Grounding of instrument transformer cases and cases of connected equipment ............ccecvveververeeennennen. 21
6.1 Metallic or conductive case SrOUNAING ........ceevvieriirierienietieteeteeeesteeseestesreseesseesseensesseesneenseenseans 21
6.2 Internal conductive parts—insSulated CASES..........cuirrvirierieriieieeieeieseeie e e seesee st eseeeseeneesneesseeneeens 21
6.3 Ungrounded metallic Or CONAUCHIVE CASE.......eevuieiieieriieeiieieeie ettt ettt sttt e e e 21

7. EXCEPLIONS 10 GIOUNGING . ... .eiuieitierierieeieiieieesteeteeteeteeteesteebeesseesbesseesseesseesseessessseassesssenseessenssenssenseessees 21

8. Grounding of IoW-energy tranSAUCETS ........cceeiuieriieiieieeiee ettt ettt ettt ettt et e eneeeneeeneeeneas 22
Bl GRINEGTAL ...ttt ettt h e bbbttt ettt s heesae et st e bt e aeenteenteens 22
8.2 INtercoNNECtion WIllNG PrACTICES . .....eeueeutetertertesterteetteeietetestesteseeeteeaeeseeseeneenseseeeseeseeneenseneenseneeneensenes 22

Annex A (informative) Issues to consider for shielded cable applications for instrument transformers..... 25
g € 3 1<) 1 OSSPSR 25
A.2 CTs installed over shielded cables, metal bushing collars, or conduits ............cccoeveeeeriereeneeeenen. 25

Annex B (informative) IEEE standards reviewed by the I-13—Revision of C57.13.3 Working Group...... 27

Annex C (informative) Article 90.2—Scope of the NEC........cccoooiioiiiiiiiiiciieeeeeeeeee e 28

Annex D (informative) Survey of grounding PractiCes .........cueoveeuereieriereerieeieeiesieseeie e seeesseesseeaeseeses 30

Annex E (informative) BiblIOZIraphy ........ccooiiiiiiiiieieee ettt 33

i Documents
Copyright © 2006 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:08:33 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.13.3-2005


http://www.avadocuments.com/doc/ieee-c57-13-3-2005
http://www.avadocuments.com/doc/ieee-c57-13-3-2005

IEEE Guide for Grounding of Instrument
Transformer Secondary Circuits and Cases

1. Overview

The practices described in this guide apply to all instrument transformers, including capacitive voltage
transformers (VTs) and linear couplers, irrespective of primary voltage or whether the primary windings
are connected to, or are in, power circuits or are connected in the secondary circuits of other transformers
as auxiliary current transformers (CTs) or VTs.

This guide does not discuss the grounding of some applications. For example, grounding of gas insulated
substations and metal clad switchgear is not discussed in this guide; the reader will find these topics
addressed in IEEE Std 242™ ', The grounding of circuits of core-balance CTs is also not discussed in this
guide. The reader can also find this information in IEEE Std 242. Another issue that is not discussed in this
guide is the practice of using separate safety and control grounds. For discussion on this topic, the reader is
directed to IEEE Std 665m™.

1.1 Scope

The scope of the guide includes the grounding practices presently used and the practices that were not
previously reported. Specifically, the issue of the grounding of cases of electronic transducers is addressed.

1.2 Purpose
This guide provides information on the grounding of the following:

— Secondary circuits of electromagnetic CT and VT circuits
— Cases of relays, CTs, and VTs

— Secondary circuits of optoelectronic CTs and VTs

The primary emphases of this guide are personnel safety and proper performance of relays at electric power
frequencies.

! For information on references, see Clause 2.
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2. Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

Accredited Standards Committee C-2, National Electrical Safety Code™ (NESC™)."

IEEE Std 242™, IEEE Recommended Practice for Protection and Coordination of Industrial and
Commercial Power Systems.”*

IEEE Std 525™, IEEE Guide for the Design and Installation of Cable Systems in Substations.

IEEE Std 665™, IEEE Guide for Generating Station Grounding.

IEEE Std 1143™, IEEE Guide on Shielding Practice for Low Voltage Cables.

IEEE Std C62.92™, IEEE Guide for the Application of Neutral Grounding in Electrical Utility Systems.

NFPA 70, National Electrical Code® (NEC®).*

3. Definitions

For definitions of terms used in this guide, see IEEE Std C37.100™-1992 [BS]’ and The Authoritative
Dictionary of IEEE Standards Terms [B2].

4. Need for grounding secondary circuits of instrument transformers and
cases

It is necessary to ground secondary circuits of instrument transformers for protecting the protection,
monitoring, and control equipment that are connected to them and for the safety of personnel who might
come into contact with them. The primary circuits of instrument transformers are at high voltages; in many
cases, they are in the range of hundreds of kilovolts. There is a (stray) capacitance between the high-voltage
circuit and the secondary circuit of the instrument transformer. If a secondary circuit is not grounded, there
will be a capacitance between the secondary circuit and the ground. The capacitances between the high-
voltage circuit and the secondary circuit of the instrument transformer, and the capacitance between the
secondary circuit and ground, are now connected in series and act like a voltage divider. A charge could
accumulate on the secondary winding of the instrument transformer. Depending on the relative values of
the two capacitances, the electrostatic potential of the secondary circuit with respect to ground could be
substantial. This potential rise of the secondary circuit could damage the equipment connected to it; one of
the failure modes could be insulation failure in the protection and control devices. The high electrostatic
potential of the secondary circuit of the instrument transformer would be a hazard for personnel who might
come into contact with the circuit. Because of these reasons, grounding has received attention in many
standards, recommended practices, and guides. While these standards provide sufficient guidance, the

' The NESC is 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/).

2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
* 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 NEC is published by the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269, USA
(http://www.nfpa.org/). Copies are also 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 numbers in brackets correspond to those of the bibliography in Annex A.
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reader is advised to make certain that the grounding regulations provided in the National Electrical Code®
(NEC®) (NFPA 70) and the National Electrical Safety Code” (NESC®) (Accredited Standards Committee
C-2) are always adhered to. (Article 90.2 (A) of the NEC lists the installations that are covered by the
Code, and Article 90.2 (B) lists the installations that are not covered by the Code. For immediate reference,
Article 90.2 of the NEC is reproduced in Annex C.) If the secondary circuit of an instrument transformer is
grounded, the capacitance between the secondary circuit and ground is short-circuited and electrostatic
potential does not build up on the secondary circuit.

Similarly, there is a (stray) capacitance between the primary circuit and the case of a device used in the
power system environment. If the case is not grounded, there is a (stray) capacitance between the case and
the ground. These two capacitances form a series circuit that acts as a voltage divider. In this case also, the
electrostatic potential of the case could be substantial. This would be a hazard for personnel who might
come in contact with the case. The grounding of the case short-circuits the capacitance between the case
and the ground and keeps the case at ground potential—eliminating the hazard. As stated in the previous
paragraph, the reader must adhere to the requirements of the NEC and the NESC.

WARNING

Grounding of secondary circuits is an issue of safety of personnel and equipment connected to the
secondary circuits. The reader is urged to consider it seriously and follow the stipulations of
relevant standards and always adhere to the stipulations of the NEC and the NESC. Article 90.2 (A)
of the NEC lists the installations that are covered by the Code, and Article 90.2 (B) lists the
installations that are not covered by the Code. For immediate reference of the readers,
Article 90.2 of the NEC is reproduced in Annex C.

5. Grounding of instrument transformer secondary circuits

5.1 General

The issue of grounding instrument transformers requires insight into the operation of power systems during
normal working conditions and during faults between one or more phases to ground. In these cases, parts of
the fault currents flow in the ground path and raise the voltage of the grounding grids in generating stations
and substations. When this happens, different locations in the generating stations and substations are at
different potentials. These differences are taken into consideration when choosing the manner in which the
secondary circuits of the CTs and VTs are connected. This clause examines the relevant issues on the
grounding needs and practices.

Specific issues addressed in this clause include grounding at a single location on a secondary circuit,
location of the ground, marking of ground connections, and the minimum size of conductor used for
grounding the secondary circuits.

5.2 Background

Each secondary circuit of CTs and VTs is usually a completely self-contained metallic circuit. The circuit is
insulated from ground, except at one point in the circuit where it is solidly grounded through a conductor of
adequate size. (See 5.6 for conductor size and 5 for permissible exceptions.)

For the purposes of this guide, an instrument transformer (CT or VT) secondary circuit consists of a set of
three-phase secondary windings of the instrument transformers and all the coils, contacts, and other
components connected to those windings by insulated metallic wires. In single-phase applications, the
instrument transformer secondary circuit consists of the secondary winding of the instrument transformer
and all the coils, contacts, and other components connected to that winding by insulated metallic wires.
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