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Abstract: The basic factors and general considerations in selecting the class and means of
neutral grounding for synchronous generator systems connected to electrical utility systems are
provided in this guide. It also provides the suggested methods and apparatus to be used to
achieve the desired grounding. These guidelines apply to both large and small generators found
in electrical utility systems. Definitions of grounding terms used in this the guide can be found in
IEEE Std C62.92.1™-2000.

Keywords: electric utility systems, IEEE C62.92.2™, mechanical stress in generators, neutral
grounding, overvoltages on generator insulation, synchronous generators, unit-connected
generation systems
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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/IPR/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-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. 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.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users 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.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

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, 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.

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.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, 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
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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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 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, 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 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. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions 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 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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-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.

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 amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more information about the
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.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.

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 C62.92.2-2017, IEEE Guide for the Application of Neutral Grounding in
Electrical Utility Systems, Part I—Synchronous Generator Systems.

This document is one part of a five-part series of guides on the subject of electric utility system neutral
grounding practices. 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,
distribution systems, and transmission systems.

The first part serves as an introduction to the topic of electric utility system neutral grounding and each of
the remaining four parts addresses a specific part of the utility system to serve as a guide for neutral
grounding. The five parts are as follows:

a) IEEE Std C62.92.1, IEEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems—~Part |—Introduction.

b) IEEE Std C62.92.2, IEEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems—Part [I—Grounding of Synchronous Generator Systems.

¢) IEEE Std C62.92.3™, [EEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems—Part [IIl—Generator Auxiliary Systems.

d) IEEE Std C62.92.4™, IEEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems—~Part I[V—Distribution Systems.

e) IEEE Std C62.92.5™ [EEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems—Part V—Transmission and Subtransmission Systems.

This series of guides is intended for application to three-phase electric utility systems. They provide
definitions and considerations that are general to all types of neutral grounding for electrical utility systems
as well as the basic considerations of the selection of neutral grounding parameters that will provide for the
control of overvoltage and ground-fault current on all parts of the three-phase electric utility system. They
are not intended to be used, for example, with the grounding of industrial systems, which are covered in
other guides and standards. These guides and standards should be referenced, when appropriate, to gain a
complete picture of other grounding practices.

This document has been revised to address comments received as part of the most recent re-affirmation
ballot. The most significant changes were to add a discussion of unit-connected generator systems with a
breaker at generator voltage and a disclaimer related to industrial generating systems. Many of the
comments were editorial in nature and have been addressed.

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 Il — Greunding-efSynchronous Generator Systems

1. Overview

1-Seoepe-and References
1.1. Scope

The scope of this document is to provide Fhis-seetion—summarizes the basic factors and general

considerations in selecting the class and means of neutral grounding for synchronous generator

systems connected to electrical utility systems. It also provides the suggested methods and

apparatus and-diseusses—thefaetors-to be used to achieve eonsidered-in the desired selecton—-of=a
grounding. These elass-and-the-application-of groundingmetheds—the-guidelines apply to both the

large and small generators found in electrical eleetrie utility systems. Definitions of grounding terms

used in this the guide can be found in IEEE Std C62.92.1.

1.2 Purpose

The purpose of this guide is to provide the user with insight on the basic factors and general

considerations in selecting the class and means of neutral grounding for synchronous generator

systems connected to electrical utility systems. It also provides guidance on the selection of

particular methods and apparatus to be used to achieve the desired neutral grounding. It shewld-be

borre—in—mindby—theuserreport—is intended that this document serve only-selely as a guide.

Statements are necessarily of a general nature and; therefore; do not take into account the

requirements of special situations that can differ considerably from those discussed.
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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.

ANSI (C50.10™-1977, American National Standard General Requirements for Synchronous

Machines.!

IEEE Std ANSE C50.12 ™-2005, IEEE Standard 198+ Regquirements for Salient-Pole 50 Hz and 60 Hz

Synchronous Generators and Generator/Motors for Hydraulic Turbine Applications_Rated 5 MVA

and Above.23

IEEE Std ANSE C50.13 ™-2014, IEEE Standard 1977 Reguirements for Cylindrical-Rotor 50 Hz and

60 Hz Synchronous Generators Rated 10 MVA and Above.

TANSI C50.10-1977 has been withdrawn; however, copies can be obtained from the Institute of Electrical and Electronics Engineers

(http://standards.ieee.org/).

2 ANSHIEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/). Service

3The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics

Engineers, Incorporated.
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IEEE Std C62.92.1™-2000, IEEE ANSIAEEE-C62.921987, Guide for the Application of Neutral

Grounding in Electrical Utility Systems, Part 1 I—Introduction.

IEEE Std 519™ JEEE Recommended Practice and Requirements for Harmonic Control in Electric

Power Systems.

3. Definitions

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

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

4. Objectives of generator grounding

The principle objective of grounding a synchronous generator system is the protection of the
generator and associated equipment against damage caused by abnormal electrical conditions. The

specific objectives in the protection of the generator are as follows:

a) Reducing Minimizing damage for internal ground-faults:

b) Limiting mechanical stress in the generator for external ground-faults:

¢) Limiting FOVsH{temporary ewverveltages)—and transient overvoltages on the generator

insulation-

4IEEE Standards Dictionary Online subscription is available at: http://www.ieee.org/portal/innovate/products/standard/stan

dards_dictionary.html.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 27,2026 at 00:06:33 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.92.2-2017


http://www.avadocuments.com/doc/ieee-c62-92-2-2017
http://www.avadocuments.com/doc/ieee-c62-92-2-2017

The choice of grounding class is largely determined by the relative importance to the user of each of

the above objectives. Also under consideration are providing a means of generator system ground-

fault detection, coordinating the protection of the generator with the requirements of other

equipment connected at generator voltage level and considering the level of reliability required.

The degree to which each of the possible grounding methods accomplishes the desired objectives is

discussed in 4.1 the-followingparagraphs.

4.1. Reducing Minimizing damage for internal ground faults

It has been concluded from field investigations of generator failures that limiting ground current
magnitudes and /durations during internal line-to-ground-faults is no guarantee that core damage

will be completely eliminated (ALEE Committee Report [Bl], Teichman [B24]). #3+{26}-° However,

there is an indication that low-fault currents and fast-fault clearing will_reduce alternator stator

damage since iron burning and damage depend mainly on fault sinimizen-eore-current magnitude
and duration. The energy generated in a fault is equal to, I?R¢ t, where Rr is the fault resistance. This
relationship indicates that a reduction in current will have a greater reduction in heating damage

caused by the fault than a proportional reduction in time. The user is cautioned that reducing the

current to a low value may result in longer clearing times and thus the fault damage may increase.

Also, Hewever the energy generated by an arcing fault will not be reduced by the square of the
reduced current as implied by the equation. It will reduce more slowly because the arcing fault

resistance is neither constant nor linear (Rajk [B23]) {254.

The available classes of grounding may be ranked as follows in approximate order of increasing

fault current:

a) Resonant grounded

b) Ungrounded

c) High-resistance grounded
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d) Low-resistance grounded

e) Low-inductance grounded

f)  Effectively grounded

It should be noted that the ground-fault current depends not only on the generator grounding, but
also on other sources of ground current available to the generator. The last three classes have

substantially higher fault current levels than ungrounded, resonant grounded, and high-resistance

grounded classes (see ANSHIEEE Std C62.92.1 [B18] 4987, Table 1,464 for more information).

In addition to the normal shutdown sequence (e.g., tripping the generator breaker, prime mover,
and excitation) initiated by the machine protective relays, other measures are sometimes used to
reduce the magnitude and duration of the fault current after the ground-fault relay has operated.
These measures include forced field reduction and the are—{1) use of automatic neutral circuit
breakers—ane—2) Automatic neutral circuit breakers are used for comparatively small machines.
When a neutral generator breaker is used, the Transient Recovery Voltage (TRV) characteristics of

the breaker shall st be considered.

Where automatic neutral circuit breakers are applied, it is their function to interrupt heavy currents
during a single phase-to-ground fault within the generators, thereby minimizing damage in the
generator damage. Opening of the neutral ground connection will change the system parameters of
Xo/Xi and Ro/Xi and result in higher than normal temporary overvoltages on the un-faulted phases

that can cause serious damage in other parts of the system.

After the main circuit breaker has been tripped, the fault current will continue to flow as long as the
fault circuit exists and until field flux in the generator decays to zero 8. Reduction of armature fault
current can be accomplished with forced field reduction of the excitation system. Forced field

reduction can be accomplished in several different ways (Berdy, Crenshaw, and Temoshok [B4])

B3} The decay rate of the generator field flux determines the rate of reduction in generator fault

current.
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4.2. Limiting mechanical stress in the generator for external ground faults

Fault current limiting devices are generally required for machines manufactured in accordance with

the following standards:
a) ANSIC50.10-19774H
b)  IEEE Std ANSI C50.12-2005 49842}
c)  IEEE Std ANSEC50.13-2014 +97743}

Prior to_the original versions of these standards, no fault current limiting device was required in the

generator neutral.

Meeting the limitation of IEEE Std ANSE C50.12-2005 4984+-{2} and IEEE Std ANSE C50.13-2014 1977
{3} requires that at least a minimum value of impedance, either a resistance or a reactance, be
installed in the neutral of all wye-connected grounded generators where the zero-sequence reactance

is less than the positive-sequence subtransient reactance.

In calculating the maximum currents that can flow in the generator windings during an external
fault, it is usually sufficient to consider the generator impedances alone. It can be shown that, if
sufficient neutral impedance is used to make the phase-to-ground fault current less than or equal to
the three 3-phase fault current with the machine isolated from the system, the winding currents for

any fault will be less than or equal to the winding current for a three3-phase fault (Brown [B5]) {#41.
4.3. Limiting overvoltages on generator insulation

The class of grounding also affects generator overvoltage protection in controlling the magnitude of
temporary and transient overvoltages during a ground-fault and, consequently, determines the
minimum rating of surge arresters that can be employed. These considerations are common to the
grounding of all types of apparatus. The available classes of grounding may be ranked as follows in
order of increasing temporary overvoltages assuming a fault resistance that yields the highest
coefficient of grounding, but neglects the effects of restrikes within a solid dielectric (Brown,
Johnson, and Stevenson [B6]) {#-51:
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a) Effectively grounded

b) Low-inductance grounded
¢) Low-resistance grounded
d) Resonant grounded

e) High-resistance grounded
f)  Ungrounded

Ordering of transient overvoltages with grounding classes is difficult (refer to ANSHIEEE Std C62.
92.1 [BIS].498% Table 146}). A comparison with the effect of grounding on fault current magnitude
indicates that very low-fault currents are generally obtained at the risk of higher temporary and

transient overvoltages.

The insulation of all apparatus connected to the generator voltage system shall sust withstand all
temporary and transient overvoltages that occur eeeurring as a result of unbalanced faults,
switching, and lightning surges. Surge arresters, which may operate on transient overvoltages,
should be applied so as to be able to withstand the temporary overvoltages that occur for
unbalanced faults or other conditions. (Refer to ANSHIEEE Std C62.92.1 [B18]4987, Table 1{64, Class
A and Class B. See also ANSHIEEE Std C62. 22™ [B17]).24987{5}; It is; therefore; important when

selecting a grounding class to consider the transient and temporary overvoltages that will result,a#
the stresses on apparatus insulation, and the protective margins possible with surge protective

devices.
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In any discussion of transient overvoltages, it should be recognized that numerous field tests have
been made in an attempt to set up and measure high-transient voltages resulting from phase-to-
ground arcing faults in air. From the results of these tests, it may be concluded that the conditions

for building up these high voltages in an arc in air seldom exist (Allen and Waldorf [B2], Eaton,

Peck, and Dunham [B8], and Peterson [B22]) H2}—#—f24}. However, it is suspected that
intermittent faults through solid insulations may produce the necessary conditions for high-
transient overvoltages. On the other hand, a system may have relatively high-transient overvoltages
during switching operations and if restriking occurs in the breaker. Accordingly, in considering any
kind of grounding from the viewpoint of transient voltages, it is advisable to determine whether

there will be switching at te generator voltage at present or sometime in the future.

The effect of grounding on the transient overvoltages following the occurrence and clearing of
unbalanced faults at the generator terminals with and without restriking is illustrated in Figure 1,

Figure 2, and Figure 3 (IEEE Committee Report [B13], Eaton, Peck, Eigst{a)+{b),and Dunham [B8],

Brown [B5], and Peterson [B22]) 22},13+7{24}. The information presented in these figures was

obtained from a Transient Network Analyzer (TNA) where clearing and restriking of the arc in a
single phase-to-ground fault could be controlled to produce the maximum overvoltages. The system
studied consisted of a generator model; with adjustable neutral grounding reactance, and a circuit
breaker at generator voltage. The generator was simulated by a reactance of 1.28 Q per phase, at 60
Hz, a winding capacitance of 0.35 uF per phase, and a capacitance-to-ground on the terminals of the
generator of 0.20 uF per phase. The neutral reactance was varied to give a range of ratios of Xo/Xi.
Results demonstrate the importance of selecting the proper class of neutral grounding in order to

limit the transient overvoltages caused by switching surges.
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