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Abstract: Basic factors and general considerations in selecting the class and means of neutral
grounding for electrical generating plant auxiliary power systems are given in this guide.
Apparatus to be used to achieve the desired grounding are suggested, and methods to specify
the grounding devices are given. Sensitivity and selectivity of equipment ground-fault protection
as affected by selection of the neutral grounding device are discussed, with examples.
Keywords: electrical generating plants, electrical utility systems, generator auxiliary systems,
ground-fault protection, grounding, IEEE C62.92.3™ neutral grounding
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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Users of IEEE Standards documents should be aware that these documents may be superseded at any time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.ieee.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 C62.92.3-2012, IEEE Guide for the Application of Neutral Grounding in
Electrical Utility Systems, Part IIl—Generator Auxiliary Systems.

This guide is a part of a series of standards on neutral grounding in electrical utility systems. When the
series was first approved and published, it replaced IEEE Std 143™-1954, IEEE Guide for Ground-Fault
Neutralizers, Grounding of Synchronous Generator Systems, and Neutral Grounding of Transmission
Systems. In this series of documents, individual considerations and practices have been given to the
grounding of synchronous generator systems, generator-station auxiliary systems, and distribution systems.

IEEE Std 143™-1954 is a revision of AIEE No. 954, October 1954, which was a compilation of the
following three AIEE Transaction papers:

— AIEE Committee Guide Report, “Application of Ground-Fault Neutralizers,” AIEE Transactions
(Power Apparatus and Systems), vol. 72, pt. IIL, pp. 183-190, April 1953.

— AIEE Committee Report, “Application Guide for the Grounding of Synchronous Generator
Systems,” AIEE Transactions (Power Apparatus and Systems), vol. 72, pt. III, pp. 517-530, June
1953.

— AIEE Committee Report, “Application Guide on Methods of Neutral Grounding of Transmission
Systems,” AIEE Transactions (Power Apparatus and Systems), vol. 72, pt. 1II, pp. 663-668,
August, 1953.

The contents of Part I through PartV of the revision of IEEE Std 143™-1954 are based on the foregoing
documents but are amplified and updated with new material from the IEEE tutorial course “Surge
Protection in Power Systems” (79EH0144-6-PWR) and other sources.

In Part I through Part V of this series, emphasis is on power system grounding practices as contrasted with
the grounding, for example, of industrial systems, which is covered in other guides and standards. These
guides and standards should be referenced, when appropriate, to gain a full picture of other grounding
practices.

It is impossible to give recognition to all those who have contributed to the technology and practices of
grounding of power systems, since work involving the preparation of this guide has been in progress for
more than 30 years. However, the assistance of members, past and present, of the Neutral Grounding
Devices Subcommittee of the Surge-Protective Devices Committee, and other similar groups with
comparable purposes, should be acknowledged.
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IEEE Guide for the Application of Neutral Grounding in Electrical

Utility Systems, Part IIl — Generator Auxiliary Systems

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. Overview
1.1 Scope

This—guide—summarizesThe scope of this project is to summarize the general considerations in

grounding of generating station auxiliary power systems—and—diseusses. the factors to be
considered in selecting between the appropriate grounding classes, and #-specifying equipment

ratings. This guide applies to both medium-voltage (1 kV-15 kV) and low-voltage (less than 1 kV)

auxiliary power systems. Grov

raceways-Lhe intent of this guide is to the—statiendiscuss grounding rnetwerk{see HEEE-Std—342-

1—994—3,—&5—?eq&fﬁed—by—AN§I—GZ—1993.—Re£efeﬂeesmethods which may be used to safety—in—this
guide-mean—freedom—fromlimit equipment damage. The emphasis is on reliability and availability

of auxiliary power system service, achieved through control of ground-fault currents and transient

overvoltages.

1 . .
Informationon canbefoundinclause 2.
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1.2 Purpose

The purpose of this guide is to present some basic considerations for the selection of neutral
grounding parameters that will provide for the control of ground-fault currents and overvoltage

on auxiliary systems of electrical utility three-phase generators._The purpose of this revision is

to update 5.3 with current research on equipment damage, update all references, and to ensure no

2

intrusion or overlap with IEEE Std 1584™."

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.

IEEE Std 142-1991;™, IEEE Recommended Practice for Grounding of Industrial and Commercial

Power Systems (IEEE Green Book-)—ﬁé:l\l%l—)T@);3

lIEEE publications are The National-Electrical Safety-Code-is available from theThe Institute of Electrical and Electronics Engineers,
445 Hoes Lane, P-O-—Bex1331-Piscataway, NJ;08854,08855-1331 USA. (http://standards.ieee.org/).

2 . .
Information on references can be found in Clause 2.

3 . . . .
The IEEE standards or products referred to in this clause publications are availablefrem—thetrademarks of The Institute of
Electrical and Electronics Engineers, 445-HeesLaneP-O-Box1331 PiscatawayNJ08855-1331,USAInc
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IEEE Std C62.92.1-1987(Reaff1993),™, IEEE Guide for the Application of Neutral Grounding in
Electrical Utility Systems, Part —IntroductionANSH-

IEEE Std C62.92.2-1989;™, IEEE Guide for the Application of Neutral Grounding in Electrical

Utility Systems, Part Il —Grounding of Synchronous Generator Systems—(ANSH-

IEEE Std 1584™ IEEE Guide for Performing Arc-Flash Hazard Calculations.

IEEE Std C37.011™, Guide for AC High-Voltage Circuit Breakers.
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3. Definitions

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

4
Dictionary Online should be consulted for terms not defined in this clause.

quality coefficient (Q): The O of a simple resonant circuit comprising an inductor and a

capacitance is given by:

Q=010c /[ (Qr +Qc)

Where Q; and Qc are the Qs of the inductor and capacitor, respectively at the resonant frequency.

If the resonant circuit comprises an inductance L. and a capacitance C in series with an effective R,

the value of Q is:

0=1R 1/Q)"

4. Introduction

4.1 Principal characteristics

The principal performance characteristics of the various classes of system neutral grounding, as well
as the major considerations in selecting an appropriate class, are presented in IEEE Std C62.92.1
1987™., Application techniques for high-resistance grounding are developed in the discussion and
examples of IEEE Std C62.92.2-1989.™., These considerations are directly applicable to grounding
generating station auxiliary service systems. The user of this guide is presumed to be familiar with

these two standards.

4IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.
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4.2 Past and present practice

Station auxiliary systems have in the past been quite commonly operated ungrounded, and some
still are. It has long been recognized that ungrounded systems are actually grounded without intent
through the system capacitance to ground. Under certain fault conditions, such systems are
susceptible to high transient overvoltages that can damage rotating machines and cable insulation.

Consequently, neutral grounding is being increasingly used on station auxiliary systems to control

transient overvoltages [B22B26 N

Table 1 presents the grounding practices for 389 auxiliary power systems in 199 new utility
power generating plants as recorded in the Electrical World Steam Station Design Surveys No. 13
through No. 18, 1974 through 1984. All systems reported in Table 1 are those for which both a
voltage and a grounding class were recorded. When intentionally grounded, low-voltage systems
have until recently usually been solidly-grounded. Ground faults were expected to produce
sufficient current to permit selective coordination of phase protective equipment to isolate the fault
if the fault circuit was not too long and the ground-fault return circuit was of low enough
impedance. Low-voltage direct-acting devices have usually had the capability to clear the faults fast
enough to prevent excessive fault damage. There has been recent increased use of resistance
grounding of large 480 V systems, as reported in Table 1, and even of ground-fault protective
tripping using equipment commonly employed on industrial systems [B18,B21]. Only one 208 V
system was reported, and it is a solidly-grounded directly grounded system-was—+eported.

5The numbers in brackets correspond those of the bibliography in Annex C. elause#
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