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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 fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents arefsuipplied “

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 revi-
sion 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 cautioked to chec
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 acti@réo prep
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.

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

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter 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.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designations to indicate
compliance with the materials set forth herein.

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,
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Introduction

(This introduction is not a part of IEEE Std C62.92.1-2000, IEEE Guide for the Application of Neutral Grounding in
Electrical Utility Systems—Part I: Introduction.)

This guide is the introduction to the IEEE C62.92 series of five guides on neutral grounding in electrical
utility systems. In this series of guides, individual considerations and practices are given to the grounding of
synchronous generator systems, generator-station auxiliary systems, distribution systems, and transmission
and subtransmission systems.

In the entire IEEE C62.92 series, emphasis is on power-system grounding practices as contrasted with the
grounding, e.g., of industrial systems, which are covered in other guides and standards. Those guides and
standards should be referenced, when appropriate, to gain a full picture of other grounding practices.

Besides updating the format of the guide, this revision expands the bibliography, adds a new annex to clarify
the effects of grounding resistances and grounded conductors, and attempts to clarify areas that elicited
guestions or comments in IEEE Std C62.92-1987.

It is impossible to give recognition to all those who have contributed to the technology and practices of
grounding of power systems. However, the assistance of members, past and present, of the Neutral
Grounding Devices Working Group of the Surge Protective Devices Committee, and other similar groups
with comparable purposes, is gratefully acknowledged.

The American National Standards Committee C62, Surge Arrestors, had the following members at the time
this guide was approved:

J. L. Koepfinger, Chair
J. A. Gauthier, NEMA Co-Secretary
N. Ahmad, IEEE Co-Secretary

L. Bock P. Jefftries R. Odenberg
J. J. Burke R. A. Jones J. Osterhout
E. Cameron W. H. Kapp T. J. Rozek
J. S. Case G. E. Lee K. B. Stump
C. Chrysanthou D. W. Lenk E. Taylor
T. Compton W. A. Maguire S. G. Whisenant
W. Etter F. D. Martzloff J. J. Woodworth
A. Haa G. N. Miller T. A. Wolfe
P. Nortarian

At the time this guide was completed, the IEEE Neutral Grounding Devices Working Group had the
following members:

Douglas C. DawsonChair

C. L. Ballentine D. W. Jackson S. Mazumdar
A. Benge E. Knapp E. R. Taylor, Jr.
J. J. Burke J. L. Koepfinger S. G. Whisenant
G.E. Lee
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IEEE Guide for the Application
of Neutral Grounding in Electrical
Utility Systems—~Part I: Introduction

1. Overview

1.1 Scope

This guide is intended for application to three-phase electrical utility systems. This is Part | of the five-part

IEEE C62.92 series. This part provides definitions and considerations that are general to all types of
electrical utility systems. The remaining four parts provide specific guidance on synchronous generator
systems (IEEE Std C62.92.2-1989), generating station auxiliary systems (IEEE Std C62.92.3-1993),

distribution systems (IEEE Std C62.92.4-1991), and transmission and subtransmission systems (IEEE Std
C62.92.5-1992).

1.2 Purpose

This guide presents basic considerations for the selection of neutral grounding parameters that will provide
for the control of overvoltage and ground-fault current on all parts of three-phase electrical utility systems.

2. References

This guide shall be used in conjunction with the following publications. When the following publications are
superseded by an approved revision, the revision shall apply.

IEEE Std 80-2000, IEEE Guide for Safety in AC Substation Grouri'ding.

IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Commercial Power
SystemsIEEE Green BooR").

LEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, P.O. B»caB31,
away, NJ 08855-1331, USA (http://standards.ieee.org/).
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ASC C2-1997, Accredited Standards Committee, National Electrical Safety QuESC®).2

IEEE Std C62.92.2-1989 (Reaff 2000), IEEE Guide for the Application of Neutral Grounding in Electrical
Utility Systems—~Part II: Grounding of Synchronous Generator Systems.

IEEE Std C62.92.3-1993 (Reaff 2000), IEEE Guide for the Application of Neutral Grounding in Electrical
Utility Systems—~Part Ill: Generator Auxiliary Systems.

IEEE Std C62.92.4-1991 (Reaff 1996), IEEE Guide for the Application of Neutral Grounding in Electrical
Utility Systems—~Part IV: Distribution Systems.

IEEE Std C62.92.5-1992 (Reaff 1997), IEEE Guide for the Application of Neutral Grounding in Electrical
Utility Systems—~Part V: Transmission Systems and Subtransmission Systems.

3. Definitions

For the purpose of this guide the following terms and definitions apply. Terms other than those defined here
have standard definitions as listed e Authoritative Dictionary of IEEE Standards TerBsyenth Edition
[B10].3

3.1 class of groundingA specific range or degree of grounding; e.g., effectively and noneffectively.

3.2 means of grounding:The physical devices by which various degrees of grounding are achieved; e.g.,
inductance grounding, resistance grounding, or resonant grounding.

4. Basic considerations

There is no one simple answer to the problem of grounding. Each of a humber of possible solutions to a

grounding problem has at least one feature that is outstanding, but which is obtained at some sacrifice of
other features that may be equally worthy. Thus, the selection of the class and means of grounding is often a
compromise between somewhat conflicting solutions (see IEEE Tutorial Course [B17]).

4.1 Goals of system grounding
The basic goals in selecting a grounding scheme for any given system are as follows:

a) \oltage ratings and degree of surge-voltage protection available from surge arresters

b) Limitation of transient line-to-ground overvoltages (see Generator Grounding Guide [B2], and IEEE
Tutorial Course [B17])

c) Sensitivity and selectivity of the ground-fault relaying
d) Limitation of the magnitude of the ground-fault current

e) Safety (see Accredited Standards Committee C2-1997 (National Electrical Saféty Mteec®)
and IEEE Std 80-200t)

2The 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/).

3The numbers in brackets correspond to those of the bibliography in Annex C.
“4For more information on references see Clause 2.
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These basic goals, when properly evaluated, can have a significant influence on system economics, details of
system design and physical layout, and service continuity.

4.2 System neutral grounding vs apparatus neutral grounding

In power engineering, it is common to spealg@unding the system neutraither directly or through an
impedance. Actually, of course, thgstermeutral is a convenient fiction, not a physical point or conductor,

and cannot be physically connected to ground. It is the neutral grounding of specific pieces of power-system
apparatus, especially power transformers and generators, that effects system neutral grounding.

In this guide, the terrmeans of grounding used to describe the particular technique used to ground the
neutral of a specific piece of apparatus. For examesistance groundings a means of grounding the
neutral of a piece of apparatus, in this case by means of a resistor. Thotatsmf groundings used to
categorize system grounding in terms of its performance characteristics.

In a simple power system, like the typical distribution system or power-plant auxiliary system, where a
single transformer serves as both the power source and system-neutral grounding point, the means of
grounding of that transformer neutral defines the grounding class of the system. For example, a system
supplied by a single transformer whose neutral is grounded through a resistance would typically be classed
as aresistance-grounded system.

In more complex systems, like typical high voltage (HV) or extra-high voltage (EHV) transmission systems,
there are many pieces of apparatus (transformers, capacitor banks, reactors, etc.) that may have grounded
neutrals. In such multiple-grounded systems, the class of grounding of the system is determined by the
cumulative effect of all the grounding points. If most of the major transformer neutrals are grounded by
similar means, then the system may loosely be described as being of one classirtdigetaarce grounded

systenh In general, where there are multiple grounding points of different types of apparatus and different
means of apparatus neutral grounding, the class of grounding can only be determined by the zero-sequence
to positive-sequence symmetrical component ratios, as viewed from a selected location. (See Clause 7 and
Table 1.) (For further information see Clarke [B6], and Wagner and Evans [B22].)

5. Means of grounding

5.1 Solidly grounded

Definition: Connected directly to ground through an adequate ground connection in which no impedance
has been inserted intentionally.

The termgrounded solidlythough commonly used, may be somewhat misleading since a transformer may
have its neutral connected solidly to ground, and yet the resulting zero-sequence impedance (see Figure 1)
could be so high, due to the system or transformer characteristics, that high phase-to-ground voltages would
develop during ground-fault conditions. Instead, so as to define grounding positively and logically as to
degree, the terreffectively groundetlas come into use, as is discussed in 7.1.

5.2 Inductance grounded

Definition: Grounded through an impedance, the principal element of which is inductance. This class of
grounding is sometimes loosely referred toemstance grounded:.he class is often subdivided intav- or
high-inductancecategories.
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The inductance may either be inserted directly in the neutral connection to ground or obtained indirectly by
increasing the reactance of the ground return circuit. The latter may be done by intentionally increasing the
zero-sequence reactance of apparatus connected to ground or by omitting some of the possible connections
from apparatus neutrals to ground.

5.3 Resistance grounded

Definition: Grounded through an impedance, the principal element of which is resistance. This class is
frequently subdivided intow- or high-resistanceategories.

The resistance may be inserted either directly in the connection to ground or indirectly as, for example, the
following:

a) Inthe secondary of a transformer, the primary of which is connected between neutral and ground.

b) Inthe corner of a broken-delta connected secondary of a wye-delta grounding transformer.

(See IEEE Std C62.92.2-1989 and IEEE Std C62.92.3-1993 for application information on resistance
grounding.)

It should be noted that a grounding resistor may have a considerable inherent inductance. For example, a cast-
iron grid resistor may have a power factor of 98% or less, resulting in a reactance of about 20% of the
resistance, at system frequency (see T&D Reference Book [B5]).

5.4 Resonant grounded

Definition: Inductance grounded through such values of reactance that, during a fault between one of the
conductors and ground, the power-frequency inductive current flowing in the grounding inductance(s) and the
power-frequency capacitance current flowing between the unfaulted conductors and ground are substantially
equal in magnitude and 180ut of phase. Therefore, they almost cancel each other in the fault. The type of
grounding inductor used is commonly referred to g@and fault neutralizer, arc-suppression coil, or Peter-

son coil(see Transmission Grounding Guide [B3], and Willheim and Waters [B23]).

It is expected that the quadrature component of the rated-frequency, single-phase-to-ground fault current
will be so small that an arcing fault in air will be self-extinguishing. See Ground Fault Neutralizer Guide
[B8], and Willheim and Waters [B23] for application information about resonant grounding in transmission
and substransmission systems; and IEEE Std C62.92.2-1989 for application to synchronous generator
grounding.

5.5 Capacitance grounded
Definition: Grounded through an impedance, the principal element of which is capacitance.

Capacitance is seldom, if ever, inserted directly in a connection to ground for system grounding purposes.
However, capacitance may be connected to ground for voltage surge front-of-wave sloping purposes. Also,
neutrals of shunt capacitor banks have been connected solidly to ground on otherwise ungrounded systems.
Such applications should be carefully analyzed for overvoltages during fault conditions (see Ground Fault
Neutralizer Guide [B8], and Peterson [B20]). Capacitance grounding should be avoided, or carefully
analyzed, for resonance conditions or increased fault current.
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