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Abstract: The guide is intended to assist protection engineers in applying relays and relaying
schemes for protection against stator ground faults on various generator grounding schemes. The
existing guide is outdated due to rapid technology development. Hence, the revised guide includes
new stator ground protection principles that have evolved with the use of new technologies in relay
designs. Additional application examples are included, and other issues raised by the users are
also addressed. The guide is not intended for the selection of generator or ground connection
schemes.

Keywords: generator grounding method, grounding scheme, hybrid ground protection,
subharmonic injection scheme
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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 spe-
cific 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

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 C37.101-2006, IEEE Guide for Generator Ground Protection.

IEEE Std C37.101 was initially published in 1981. It was subsequently revised in 1985 and 1993, and
reaffirmed in 2000. The guide is designed for the ground protection of typical steam, hydraulic, and
combustion-turbine generators. Any scheme that is judged to be a good alternative practice for generator
ground protection is included in the guide. New schemes that have been applied are added to the guide.

In this revision, several areas are improved. Among the most notable are the following:
— Insertion of definition in Clause 3 and addition of Glossary in Annex C.
— Revised subclause (7.18) on Scheme 18 for including presently available optional schemes.
— New subclause (7.20) on Scheme 20 for accidental solid neutral grounding.

— New subclause (7.21) on Scheme 21 for alternative scheme for increasing the sensitivity of ground
current.

— New subclause (7.22) on Scheme 22 for hybrid ground protection (switching low- and high-
resistance schemes) for initial ground fault detection with higher sensitivity to an external fault of the
generator and switching to a high-resistance scheme for a generator ground fault.

— New clause (Clause 8) on miscellaneous schemes for ground overcurrent relay locations and the
associated benefits.

— Revised clause (Clause 9) on protective device function numbers for all device numbers.

— Revised subclause (A.3.5) on third harmonic detection schemes for example third harmonic
measurements.

— Incorporate corrections to Equations (A.1), (A.2), (A.3), and (A.4) as required by IEEE Std C37.101-
2006/Cor1:2007.

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.

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.
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IEEE Guide for Generator
Ground Protection

1. Overview

1.1 Scope

The guide is intended to assist protection engineers in applying relays and relaying schemes for protection
against stator ground faults on various generator grounding schemes. The existing guide is outdated due to rapid
technology development. Hence, the revised guide includes new stator ground protection principles that have
evolved with the use of new technologies in relay designs. Additional application examples are included, and
other issues raised by the users are also addressed. The guide is not intended for the selection of generator or
ground connection schemes.

The recommendations made pertain to typical generator installations. However, sufficient background
information relating to protection requirements, applications, and setting philosophy is given to enable the
reader to evaluate the need to select and apply suitable protection for most situations.

1.2 Purpose

The guide was prepared, in part, to cover new areas due to rapid technology development. The working group
has made revision and expansion of the earlier version to include those areas.

In addition, the protective function discussed in this guide may be implemented with a multifunction
microprocessor-based protection system (digital system). The protection philosophy, practices, and limits are
essentially identical to those of the implementation using discrete component relays. The algorithms used to
perform some of the protection functions may be different, but should produce equal or better protection.
However, the performance and capability of the digital systems may be superior due to improved frequency
response (bandwidth) and thresholds (pickup settings). Other additional features may be available from these
systems, like digital fault recording, that enhance the functionality. The improved frequency response and
multiple settings groups may be beneficial, especially for start-up protection where older relays needed to
be blocked from operation and additional dedicated start-up protective relays are traditionally applied. The start-
up relays may not be required with the use of the microprocessor-based protection.

1.3 Description of the quide

Recommended protective schemes and the arrangements to which they may be applied are indicated in
Table 1. The use of this table is described in Clause 4 with supporting information provided in subsequent
clauses.
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Annex A (informative) provides examples of ground overcurrent and overvoltage relay settings for the various
protective schemes and the setting coordination with voltage transformer (VT) secondary fuses.

Annex B (informative) provides an example of a procedure used to determine the percent coverage of a high-
impedance differential relay.

Annex C (informative) is a glossary (definitions) of terms related to grounding protection.
Annex € is a biblography of available literature on the sround-fault problem from which souree material was
deawns

Annex D (informative) is a bibliography of available literature concerning the generator ground fault protection
from which source material was drawn.

The methods employed for grounding and fusing the secondary circuits of VTs and the methods for grounding

ground points are indicated in the illustrated figures in Table 1 and various schemes. However, all current and
VT secondary circuits shall be grounded in a way that is consistent with accepted practices for personnel safety.

The quantitative units of voltages and currents are expressed in root mean square (rms) values in this guide.

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.

IEEE Std C37.2-+995™, IEEE Standard Electrical Power System Device Function Numbers and

Contact Designations.!: 2

IEEE Std C37.102™-1987, IEEE Guide for AC Generator Protection.

IEEE Std C62.92.2™ 1989, IEEE Guide for the Application of Neutral Grounding in Electrical Utility Systems,
Part II—Grounding of Synchronous Generator Systems. (ANSH-

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this guide, the following terms and definitions apply. The Glossary in Annex C and The
Authoritative Dictionary of IEEE Standards Terms [B46]° should be referenced for terms not defined in this
subclause.

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

3The numbers in brackets correspond to those of the bibliography in Annex D.
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3.1.1 hybrid ground protection scheme: A combination of low-resistance and high-resistance schemes. This
scheme has initially a high sensitivity to detect ground faults with a low-resistance scheme and is switched over
to a high-resistance grounding scheme after an internal generator ground fault is detected and the generator
breaker is opened (Scheme 22).

3.1.2 phantom tertiary winding: This is a tertiary winding of autotransformer, however, the tertiary wind- ing

rating is usually 10% of the full transformer rating (Scheme 12).

3.2 Acronyms and abbreviations

I0C/IOV relays instantaneous overcurrent/instantaneous overvoltage relays
TOC/TOV relays time overcurrent/time overvoltage relays

GFN ground fault neutralizer

GSU transformer generator step-up transformer

CT current transformer

VT voltage transformer

4. Summary of protection schemes

A summary of recommended protective schemes is given in Table 1, which is a matrix of generator
connections, generator grounding methods, and the scheme numbers that identify the protective
schemes. The following explanation has been prepared as an aid for its use.

Across the top of the table, heading the sixseven columns (A—G), are one-line diagrams covering most, if not
all, of the significant variations of generator-transformer-bus circuit breaker arrangements that might be
encountered in a present-day electric utility or industrial power system. These diagrams are discussed in
Clause 5 of this guide. Vertically, along the left side of the table, heading the eight nine rows (I-I1X),
are one-line diagrams of approved grounding methods for electric generators covered in IEEE Std
62.92. 2% as explained in elawse 30 These dinsmpr ol be eophined and disewred subroguentds The
indbeiduat boses b table 4 et by sehenre aumber t 2Clause 6.

Scheme numbers (1, 2, 3, etc.) listed in Table 1 (in the individual boxes) are different applicable ground
fault protective schemes that apply for a given generater econneetion(columns in the table) and a given
grounding method (rows in the table). For example, the box under column E and row III indicates that
protective Schemes 10, 11, 14, 15, 16, 19, and 20 may be applied for single-phase-to-ground fault protection
of a wye-connected generator. The neutral is grounded through a Zewhigh resistance, and the main leads are
connected directly to a grounded system through a circuit breaker.

Those boxes that are eressed eut and contain no protection scheme numbers (and are marked with a long dash)
represent cases that are either not practical or not recommended. For example, under column D, a delta-
connected generator has no neutral available, so boxes under column D (associated with rows I, I, III, IV, and
V) are crossed out. Also, the box under column E (and associated with row V) is crossed out because the use
of a resonant grounding method, in the neutral of a wye-connected generator directly connected to a grounded
system, is a misapplication.

4Information on references can be found in Clause 2.
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The protective scheme numbers in the boxes refer to protective schemes that are completely illustrated and
described in Clause 7 of this guide. In some boxes, there are some numbers that are followed by the suffix S,
such as 5S in box D-VI. The suffix S indicates that the protective scheme represented by that scheme number
designation is suitable for use only when the machine is running and disconnected from the system, but with
field excitation applied. This type of protection utilizes protective devices that are not tuned to normal system
frequency, so that they offer sensitive protection over a wide range of frequencies. Thus, schemes designated
with the suffix S are suitable for the protection of machines during start-up and shutdown. Protective scheme
numbers without the suffix S represent schemes that are indexedexpected to provide protection only during
operation at rated frequency.

For example, in the case of the generator connection illustrated in the diagram of column A with the grounding
connection of row I, Scheme 8S is intended to detect any single-phase-to-ground fault in the generator or its
leads during start-up or shutdown procedures while field excitation is applied, but with the main circuit breaker
open. In the box D-VIH, the protective scheme represented by Scheme 17 is intended for protection during the
time that the main breaker is closed and the machine is running normally. In general, start-up and shutdown
protection for single-phase-to-ground faults is indicated only in those applications where a high-impedance
grounded or an ungrounded generator is connected directly to a grounded system, or where excitation is
applied to a machine early in the start-up cycle or is removed late in the shutdown cycle. This start-up and
shutdown protection is generally not intended to coordinate properly with system protection. For this reason, it
should be removed from service at the time the unit is synchronized to the system. This is usually performed
automatically when the main breaker is closed.

HEEE pllb]'t"itiaﬁ s are available from the Institute of Electrical and Eleetronies Eﬁg'm‘% ;445 Hoes Lane; P-O- Box 13315 Piseataw ay; NI
08855- 1331; USA- Information on references can be found in clause 2

The protective scheme numbers in Table 1 are arranged in the boxes with the running protective schemes listed
first, and the start-up protective schemes, where they apply, listed lastlater. Within each box, the schemes
within the brackets are the most widely used. The remainders of the schemes are listed in numerical sequence.

It should be recognized that the bracketed recommendations are based on the anticipated performance of the
schemes and not on other factors that might relate to the integrity of the generator itself. For example, while
Schemes 1 and 7 in box A-I could provide essentially the same order of protection for generator single- phase-
to-ground faults, the fact that Scheme 7 requires veltage transformersVTs on the generator leads may reduce
the overall reliability of the generator. Scheme 1 might be more desirable than Scheme 7, but they are both
indicated in the table to have the same order of merit as far as the protection afforded for single-phase-to-ground
faults is concerned.

No attempt is made in Table 1 to indicate primary or backup schemes. It is suggested that descriptions of all
schemes applicable to a given situation be considered, and, unless overriding circumstances dictate otherwise,
that one of the bracketed schemes be used for the primary protection; and another high-rated scheme be used for
backup or alternate protection.

The generator connections illustrated in column F are very similar to those in column A. The difference is only
in the use of low-side circuit breakers in the diagram of column F. A comparison of the applicable
protective schemes between columns A and F will indicate that they are nearly al the same. Because of the
low-side circuit breakers in the diagrams of column F, field excitation might normally be applied to the unit
when it is turning at, or very near to, rated speed. Under these conditions, the need for start-up or shutdown
protection is minimized.

Clause 6 describes grounding methods I through IX. The different grounding methods are shown in the column
along the left hand side of the row in Table 1. The diagrams in the column are intended to indicate the different
grounding methods and the means for interfacing with the protective relay schemes. The diagram in row I have
has both a neutral point N and a ground point in the primary circuit, as do those in rows II through V. The point
N in the grounding method diagram connects to the point N in the generator connection diagram with which it
is applied. For example, if any of the grounding methods I through V is used with any generator connection
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illustrated in columns A, B, E, or F, the generator neutral N in guestion is grounded through the neutral
connection shown in the grounding method diagram. In the case of the delta-connected machines of columns C
and D, no neutral point exists, so grounding method VI or VII should be used. This includes a wye-broken -
delta-connected distribution-transformer bank with a secondary resistor. The wye (Y) windings are
connected to the associated-generator main leads. Row VIII indicates an ungrounded machine that is grounded
only through the system to which it may be connected. Finally, row IX indicates a hybrid ground machine that
is grounded as a combination of high resistance and low resistance. Initially, the low-resistance grounding

then, switches over to the high- resistance grounding scheme to greatly limit the ground current for the
generator stator windings during internal ground faults.

In Table 1, the diagram for grounding methods also indicates the interface between the primary circuits
and the protective schemes. An example of this is that grounding method I shows a distribution transformer swith
and a secondary resistor. In series with the secondary of the distribution transformer is a eurrent-transformer
CT primary winding. The secondary winding of this CT terminates at terminals labeled R and S. A current-
operated relay, connected to these two terminals, will measure the current in the resistor during a ground fault
in the generator stator or its associated circuits.

In this same diagram, the resistor is connected across terminals designated X and Y If the operating coil of a
voltage relay is connected to these terminals, it will measure the voltage developed across the resistor (which is
proportional to the current through the resistor) during ground faults in the generator stator winding or its
associated circuits.

Again, in grounding method I, the CT in the neutral lead of the generator ground connection (in series with the
primary winding of the distribution transformer) has its secondary winding terminating at points W and Z. A
current-operated relay, connected to these terminals, will measure the current in the generator neutral during
ground faults in the generator stator winding or its associated circuits. The terminal points R, S, X, Y, W, and Z
are the interface connections to the protective schemes. The same is true in grounding methods II through
VI. Reference to these connections will show that not all the grounding methods provide the same opportunities
for protection. For example, in method IV, only a neutral CT is indicated with secondary connections to
terminals W and Z.

The diagrams for each of the protective schemes in Clause 7 indicate te whieh terminalthe specific interface
points (R, S, W, etc) they eonneet..). For example, protective Scheme 1 will be found to have input connections
labeled X and Y. This indicates that protective Scheme 1 is always connected to terminals X and Y, regardless
of the grounding method with which it is used. Similar comments apply to the other protective schemes and the
interfacing terminal designations.

Many of the protective functions discussed in this guide may be implemented with a multifunction
microprocessor-based protection system (digital system). The protection philosophy, practices, and limits are
similar to those of discrete component relays.
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Table 1—Summary of recommended protective schemes
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5. Generator connections

The six seven different classes of generator connections illustrated in Table 1 are intended to be representative
of connections commonly used today. While the connections of the two diagrams in column A are different; the
arrangementsArrangements are such that the same protective schemes may be applied to bethmore than one
generator connection. The criteria here is that a single-phase-to-ground fault in a generator will neither produce
any significant zero-sequence current or voltages in the system, nor will a similar fault in the system produce
any significant zero-sequence quantities in the generator circuit.

Table 2 shows the comparison of neutral ground methods and summary of the third harmonic current
generation levels for Scheme 18 (see Powell [B35]).

In connection A, if two units are paralleled on one transformer delta winding (as in the case of a cross-
compound machine or machines with two stator windings per phase), the same kind of protective schemes
could be used as if only one unit were connected to the transformer. In general, for these applications, only one
neutral is grounded. Where machines are connected to separate low-voltage transformer windings, each unit is
grounded separately and has its own protective scheme. If tripping is employed, each protective scheme should
initiate shutdown of all generators connected to a common transformer.

The generator connections of column B indicate that the unit step-up transformer may be any autotransformer,
with either a wound-delta tertiary or a phantom tertiary. In either case, the autotransformer provides a direct
zero-sequence connection between the generator and the system so that the system grounding will provide zero-
sequence current for ground faults in the generator. Also, the generator will provide zero-sequence current for
faults on the system.

It is important to recognize in connection B that the wound or phantom tertiary of the main transformer will be
a source of ground fault current for generator faults. With this arrangement, even with the generator neutral
ungrounded and the main circuit breaker open, substantial and potentially destructive fault current could flow
for a ground fault in the stator when the generator is running with field excitation applied. Furthermore, there
may be neutral stability concerns if there is no physical tertiary winding in the autotransformer. For these
reasons, the use of an autotransformer to interconnect a generator to its host system should be approached with

caution.

Connection C is similar to A, except that the generator(s) is connected in delta (A) rather than in wye (Y). Here,
as in connection A, the delta-connected winding of the power transformer provides zero-sequence isolation
between the generator and the system. Such delta-connected generator units have no neutral

available so that grounding is obtained by the use of a scheme as illustrated in Table 1, method VI. In general,
one type of common grounding equipment is employed regardless of the number of generator units that are
connected to a given transformer winding.
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The circuit arrangements of connection D and E indicate generators connected directly to the system bus
without any interposing step-up transformers. In general, these may be relatively small generators, and they will
be connected to a solid or low impedance grounded system. As indicated in Table 1, the delta machine of
connection D requires the scheme of method VI or VII for grounding while that of connection E uses a suitable
neutral grounding method. In these applications, each machine has individual protection.

The circuit arrangements in the diagrams of connection F are the same as those in A except that the former
utilize individual generator circuit breakers on the low side of the power transformer banks. Here again, the

delta-wye (A-Y) connections of the transformers provide zero-sequence isolation between the generators
and the system. In general, each generator will have individual grounding and protection. While the low-side
circuit breakers permit switching of individual generators, the protective schemes available cannot distinguish
between faults in the different generators connected to a common delta winding. However, if different time-
delay settings are utilized on the individual ground relays, the units will be sequentially tripped until the fault is
cleared. This will establish the fault location. For this reason, a fault in any one machine may result in the loss
of all generators connected to a common delta winding.

Table 2—Comparison of neutral ground methods

Fault current

Magnitude of

enerator

Type of neutral characteristics off  expected third
< . " Comments
grounding grounding harmonics E—
method current
Ungrounded generator 0A None 0 A for the first ground fault, but the
second ground fault will develop similar
fault current level with solidly grounded
method.
Solidly grounded generator Iog > Lo Appreciable A phase-to-ground fault current level
T (Ip) may be significantly greater than
three-phase fault current level (L;¢).
Low-resistance grounded 400 A ~1200 A Appreciable Appreciably reduced ground fault current
generator by a reactance.
Medium-resistance grounded 200 A ~400 A Appreciable A variation of low-resistance grounding
generator method will further reduce the ground
fault current level.
High-resistance grounded I0A~25A Negligible, small | A phase-to-ground fault current is fed by
generator all capacitors on the generator and
generator bus.
Low-reactance grounded Lo 2 lopg Appreciable A phase-to-ground fault current level

(Upg) is nearly equal or less than a three-
phase fault current level (Z3g).

Hybrid grounded generator

Appreciable

(low resistance)

The first ground fault current level will be

200 A ~ 400 A with low-resistance

switched to a high-resistance grounding
scheme.

Connection G depicts the situation, often found in industrial applications, where a generator is directly

connected, the local loads are powered from the power transformer and the ground source is supplied by the
grounded wye of the transformer. When the generator is connected, there are two sources of ground fault
current, the generator and the transformer. In many cases both ground sources have ground resistors in the
neutral to limit the magnitude of the ground fault current. If the transformer source is disconnected, the
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generator can supply power to some or all of the local facility loads. In this case the generator provides the
ground source for the local facility electrical system. In some cases the generator voltages are much higher (e.g
22 kV, 27 kV) than the suitable local loads’ voltage. In this case the unit auxiliary transformer(s) is usually
connected to the generator bus to feed the local loads. Coordination of the generator ground protection with the
auxiliary load ground protection can be disregarded as long as the auxiliary transformer connection, usually a
delta-wye-grounded connection, does not provide a path for circulation of the generator ground current for
ground fault on the auxiliary bus side of the auxiliary transformer.

A variation of connection G may be found in instances in which overhead distribution circuits are served
directly from a generator bus. Often, these applications involved either hydroelectric or gas-turbine generators
installations. It is the fact that overhead circuits originate atthese buses that leads to the desire that the system
neutral be effectively grounded. Since generators cannot normally be solidly grounded (due to the large
magnitude ground fault current), these applications often involve low-reactance grounding of the generator
neutral.

A critical requirement is that the relaying system provides selective ground fault detection for any of these
operating permutations.

5.1 Example use of Table 1

NOTE—}“he figures in Table 1 are shown only for reference. Details of the respective figures and schemes can be found in
Clause 7.

If the generator (Y stator windings) connected to the delta windings of the generator step-up (GSU)

If the selected grounding method is I, then the most widely used relay schemes are Scheme 1 (overvoltage
relay), Scheme 7 (overvoltage relay), Scheme 10 (overcurrent relay), and Scheme 18 (100% ground fault

detection relay).
In addition, it is possible to apply one of Schemes 2, 3,4, 6.9, 11, 20, 5S, or §S.

6. Generator grounding methods

This guide describes protection for five of the six generator grounding eategeries methods described in
IEEE Std C62.92.2 The six methods are as follows:

1)  Effectively grounded

2) Low induetanee reactance grounded
3) Low resistance grounded

4)  Resonant grounded

5) High resistance grounded

6) Ungrounded

NOTE—The selection of these generator grounding methods is beyond the scope of this guide. For the advantages/

An effectively grounded system is a form of low inductance grounded system and is not considered in this
guide. The guide considers distribution transformer and high resistance grounding as a single category. This
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guide lists them as separate grounding methods since each requires a different type of protective scheme. The
protection for two additional methods of grounding, high resistance and medium resistance grounding
transformer grounded, is explained in this guide. The following nineeight grounding methods (including
ungrounded systems) considered in this guide are as follows:

a)  High resistance grounded (distribution transformer grounded) generator

b) High resistance grounded (neutral resistor grounded) generator
c¢) Low resistance grounded (neutral resistor grounded) generator
d) Low reactance grounded (neutral reactor grounded) generator
e) Resonant grounded (GFN grounded) generator

f)  High resistance grounded (grounding transformer grounded) generator

g) Medium resistance grounded (grounding transformer grounded) generator

h) Ungrounded generator

Grounding method T utilizes a distribution transtormer with a primary voltage rating equal tos or greater than: the
line to newtral voltase rating of the generator: with a sccondary rating of 120 M or 240 M. The distribution
wanstormer should have sullicient overvoltage capability so that it does net saturate on phase to ground {faults
with the machine operated at 103% rated voltage: Sceondary resistors are usually sclected so that for a sinsle
phase to ground {fault at the terminals of the generator: the pewer dissipated in the resistor is equal to: or

creater than: the zero sequence reaective volt amperes in the Zero sequenee eapacttive reactanee of the generator
ﬁPFﬁngﬂ'—]eﬂt iS GGHSidefed to be hlgh FeSiStHHG% %_.e., and—it-H MascHRHA mele-phase-to-oro

SNotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.

NOTE—The designation of W Z, R S, etc., in the following grounding methods refer to Table 1.

6.1 Method |I—Effective high resistance ground with a distribution transformer

This grounding method utilizes a distribution transformer that provides high resistance in the primary circuit

transformer is connected between the generator neutral and ground. The ground resistance value (R) is

generally extremely small (< 1 Q): however, the imposed ohmic value to the primary circuit becomes

turn ratio and R is the ohmic value of a resistor in the secondary. The grounding equipment should be rated in

accordance with IEEE Std C62.92.2 or Annex A of this guide. This arrangement is considered to be high
resistance grounding, and it limits the maximum single phase to ground fault current to a value in the range of
approximately 3 A to 25 A primary amperes- current, which is not ef sufficient magnitude to operate standard
generator differential relays. In general, the W Z CT will have a ratio of unity, and the R S CT ratio is usually
selected so that its secondary current will be approximately equal to the primary current in the generator

neutral.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:28:58 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.101-2006


http://www.avadocuments.com/doc/ieee-c37-101-2006
http://www.avadocuments.com/doc/ieee-c37-101-2006

A generator system grounded through a distribution transformer with a secondary resistor has certain
characteristics that may have the following desirable features:

— Mechanical stresses and fault damage are limited during phase to ground faults by restricting fault
current.

— Transient over voltages are limited to safe levels.

— The grounding device is more economical than direct insertion of a neutral resistor.

However, a disadvantage of this high resistance grounding scheme is that surge protective equipment must be
selected on the basis of higher temporary overvoltages during ground faults.

NOTE—In general, the voltage rating of electrical equipment is selected on the basis of the grounding reference point. If
clectrical equipment is installed near the ground point (grounded scheme). the equipment may be selected on based a phase
to ground voltage. However, if the equipment is installed far from the ground reference point (non grounded scheme), the
equipment may be selected based on the phase to phase voltage. The grounding effect of a high resistance ground scheme is
a similar overvoltage phenomenon to a non grounded scheme. The electrical equipment needs to be selected based on the
phase to phase voltage.

6.2 Method Il—High resistance ground with a neutral ground resistor

This method of grounding is functionally equivalent to the method described in 6.1. In this method, the resistor
is sized directly to limit the single phase to ground fault current to the same magnitude as in the method in 6.1
without the use of a distribution transformer. However, the wveltage transformer wvoltage ratings are the
resistor rating is selected on the same basis as those for the distribution transformer in method 6.1 (see Annex A
for an example). The W Z CT ratio is generally selected to be unity.

6.3 Method lll—Low resistance ground with a neutral ground resistor

Method HI iHustrates a low resistance grounding arrangement: This type of grounding method permits fault
current many times higher (400 A ~ 1200 A primary current) than those preduced by methods described in 6.1
and 6.2. In the ease of low resistance grounding methodsthis method, the single phase to ground fault current is
high enough to operate the standard generator differential relays for faults in the stator, except for those near the
neutral end of the machine. The main advantage of low resistance grounding is the ability of the neutral
resistance to limit ground fault current to a moderate value while limiting the transient overvoltages to 2.5
times the phase to ground voltage or less. Hewewver; Surge arresters with maximum continuous overvoltage
(MCOV) capability that can tolerate full line to line voltage until the generator is tripped are required.

The current through a neutral resistor can be limited to any value, but usually it ranges from about several
hundred amperes to about 1.5 times the normal rated generator current. The lower limit may be based on the
sensitivity of the generator ground differential relays. The upper limit of 1.5 times normal rated current is
related to the loss in the resistor during single phase to ground faults. A value of 1.5 times normal current
through a neutral resistor gives a power loss of 50% of the power rating (kVA) of the generator. The main
disadvantages of low resistance grounding is the cost of the grounding resistor and the possibility of iron
lamination burning from the higher ground fault current.

6.4 Method IV—Low inductance reactance ground with a neutral ground reactor

Method IV iHustrates a low inductive reactance grounding arrangement: This type of grounding method permits
fault current many times higher than those produced by methods described in 6.1 and 6.2. In the case of low
inductive reactance grounding methods, the single phase to ground fault current is high enough to operate some
generator differential relays for faults in the stator, except for those near the neutral end of the machine. In
general, the reactance value of low reactance grounding method is selected to suppress a phase to ground fault
current into approximately three phase fault current level.
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NEMA standards do not require that standard generators have the mechanical bracing required to sustain
operation with their neutrals solidly grounded. Low reactance grounding is often selected in applications where
system planning considerations call for effective grounding (as defined in Annex C) of the system neutral. Note
that effective grounding of generators through the use of low reactance neutral grounding reactors requires
special consideration of both ground fault magnitudes, and potentially also of third harmonic current
circulation.

6.5 Method V—Resonant ground with a ground fault neutralizerfGFEN])

This grounding method illustrates the ground fault neutralizer (GFN) arrangement. In this grounding
method, a distribution type transformer with a ratio selected, as in method 6.1, is used with a secondary reactor.
The ohmic value of this secondary reactor is selected so that, when reflected into the primary circuit, its
reactance is equal to one third of the zero sequence capacitive reactance of the circuit from (and including) the
generator, to (and including) the delta windings of the associated power transformers. This type of grounding
limits the single phase to ground fault current to values that will not sustain an arc. It is applicable only where
the zero sequence capacitive reactance of the circuit does not change significantly for different system
conditions. This method may not be readily applied to units arranged as in column F of Table 1, sueh as when
low side breakers are applied. In general, the resonant grounding method suppresses a phase to ground fault

In the grounding methods described in 6.1 through 6.5, the neutral CT is shown to be connected between the
fault limiting device and ground. This CT could be located on either side of the fault limiting device depending

on the preference of the user. The insulation level of the CT should be compatible with the possible voltage to
which it may be exposed.

6.6 Method VI—High resistance ground with a delta grounded wye transformer

This grounding method uses three distribution transformers whose primary windings are connected to the
generator leads in a wye configuration, while the secondary are connected in broken delta configuration
with a resistor. Fhese wonstormers anet have thels primasy veltnoe satine cqual to the Hie to lne sollnse of
the sepembor Seeondos colnes b componls 120 3 o 200 30 S i the eaee of Ldhe sonbetor 19 selected o that
Lopasiete phave o cromad faele ot the topmainnle ol ibe somomion the povees dhsipated e the sosintor G cgual bos
o crenter thans the theee phase sero seguenes soretice wolt amperss bn the e soouones cnpretanee of Hhe
voltage apphed to the resistor is 1732 times the transformer  rated sceondary voltuge: The grounding
equipment should be rated according to IEEE Std C62.92.2. This grounding method used on ungrounded
systems such as those having delta connected generators and power transformers. In general, a high resistance

6.7 Method VIl—Medium resistance ground with a delta grounded wye transformer

This grounding method uses either a zig zag transformer or a wye delta transformer. The primary windings of
these are connected to the generator leads with a resistor connected from the transformer neutral to ground. The
effective grounding impedance is selected to provide sufficient current for selective ground relaying. The
medium resistance grounding method is a variation of low resistance grounding (400 A to 1200 A primary
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6.8 Method Vill—Ungrounded

Finally; If no grounding of any sort is employed on the leads or neutral of the generator, this is termed
ungrounded and is listed in row VIII of Table 1.

The advantages of this class are essentially the same as for high resistance grounding except that the maximum
fault current is somewhat less through the leakage capacitances. A disadvantage is that excessive transient
overvoltages may result from switching operations or intermittent faults.

Lo crmendine smetheds Dotbeonsh S0 the sosienl surent bemnedosmor g shosen e be compocied Bobeseon the et
slepemdine o the prolorones o the ween Db dnsndation Lecel of dhe curront tempelormer shenld be compniible
seith the poesible ool bo wihich bmne B cmpeneds

6.9 Method IX—Hybrid ground (switching low resistance to high resistance)

If the power system is designed to operate either with both sources in parallel or with either source being
independent, then the hybrid system shown in Scheme 22 provides a good alternative. The generator has both
low and high resistance grounding schemes. Under normal operating conditions, the generator has medium
ground fault current (200 A to 400 A primary current) that is governed by the medium resistance grounding
scheme. This helps ground fault detection on a local feeder by an instantaneous overcurrent relay and eliminates
unnecessary shutdown of the generator as well as other local loads. If a ground fault is detected in the generator
zone, the protection trips the low resistance ground source. Simultaneously, the medium resistance grounding
scheme is switched to a high resistance scheme to limit the fault current (10 A to 25 A primary current) and the
core burning associated with it, also preventing any transient overvoltage condition from occurring. Refer to
Figure 22 and Clause 7 for further explanation of Scheme 22.

7. Protective schemes

The protective schemes listed (by number) in Table 1 are described in this clause along with their suitability for
the grounding methods discussed in Clause 6. The electrical characteristics of the relays represented by the
device function numbers in the figures illustrating each scheme are defined in Clause 9.

Protective schemes that are used to protect generators employing high-resistance and resonant grounding
methods (grounding methods I, II, V, and VI) are generally sensitive enough to detect phase-to-ground
faults in the secondary circuits of VTs connected to the generator leads. If the wye-connected secondary circuit
of these VTs is grounded at one of the phase leads rather than at the neutral point, and if the neutral point is not
wired out, the possibility of a phase-to-neutral fault is extremely remote. If this is the case, the relays employed
in these protective schemes need not be coordinated with the VT secondary fuses. However, coordination with
the primary fuses is still required.

3The numbers in brackets correspond to these of the bibliography seurces in annex C-

For greund fault neuwtralizer GFN grounding, the primary neutral connections of the two sets of wye-
wyeconnected generator VTs are tied together and to the generator neutral using an insulated conductor. The
secondary neutrals are grounded at the VT cubicle. Grounding of the primary neutral connections at the
cubicle is not used since the resulting phase-to-ground inductive reactance comprising the magnetizing branch
of the VTs would detune the resonant circuit consisting of the generator system capacitance to ground and the
neutral reactor.

A complete discussion of VT fusing is given in the IEEE Committee Report [B43] and A.4.

Usually, a generator is elearedisolated without any intentional delay once the ground fault is detected. The risk
of continuing operation with low-impedance grounding is extensive core damage, while the risk with high-
impedance grounding is the possibility of a second fault.
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