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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existing guide is outdated due to rapid technology development.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.
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Introduction

 

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.

 

This introduction is not part of IEEE Std C37.101-2006, IEEE Guide for Generator Ground Protection.

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


 

Copyright © 2007 IEEE. All rights reserved v

 

Participants

 

IEEE Std C37.101-2006

 

At the time this standard was completed, the working group had the following membership: 

 

Joe T. Uchiyama, 

 

Chair

 

Ratan Das, 

 

Vice Chair

 

Mike Reichard, 

 

Co-Vice Chair

 

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention. 

Munnu Bajpai
Zeeky Bukhala
Stephen P. Conrad
Albert Darlington 
Everett Fennell

Dale Finney 
Jon Gardell
Wayne Hartmann
Rai Marttila 
Charles Mozina
Robert D. Pettigrew

Kim Sungsoo
Sahib Usman
W. Phil Waudby
Joseph Wilson
Murty V.V.S. Yalla

William J. Ackerman 
Butch Anton 
Ali Al Awazi 
Saber Azizi-Ghannad 
Michael P. Baldwin 
Paul D. Barnhart 
G. J. Bartok 
Martin F. Best 
Wallace B. Binder, Jr. 
Thomas H. Blair 
Stuart H. Bouchey 
Steven R. Brockschink 
Gustavo A. Brunello 
Stephen P. Conrad
Tommy P. Cooper 
Randall P. Crellin 
Ratan Das 
Kevin E. Donahoe 
Mark M. Drabkin 
Paul R. Drum 
Donald G. Dunn
W. A. Elmore 
Gary R. Engmann 
Rabiz N. Foda 
Carl J. Fredericks 
Jeffrey G. Gilbert 
Stephen E. Grier 
J. Travis Griffith 
Randall C. Groves 

James H. Gurney 
Ajit K. Gwal 
Roger A. Hedding 
Adrienne M. Hendrickson 
Lee S. Herron 
Ajit K. Hiranandani 
Jerry W. Hohn 
David A. Horvath 
Dennis Horwitz 
James D. Huddleston, III 
David W. Jackson 
Brian K. Johnson 
Paul R. Johnson, Jr. 
James H. Jones 
Joseph L. Koepfinger 
Jim Kulchisky 
Solomon Lee 
Jason Jy-Shung Lin 
Lisardo Lourido 
William G. Lowe 
William Lumpkins 
G. L. Luri 
O. P. Malik 
Keith N. Malmedal 
Michael J. McDonald 
Nigel P. McQuin 
Gary L. Michel 
Kimberly Y. Mosley 
Jerry R. Murphy

Michael S. Newman 
Charles Kamithi Ngethe 
T. W. Olsen 
Ralph E. Patterson 
Carlos A. O. Peixoto 
Allan D. St. Peter 
Robert D. Pettigrew 
Percy E. Pool 
Louie J. Powell, Jr.
Madan S. Rana 
Michael A. Roberts 
Charles W. Rogers 
M. S. Sachdev 
Steven Sano 
Robert L. Seitz 
David Singleton
Veselin S. Skendzic 
James E. Smith
Peter B. Stevens 
Charles R. Sufana
Richard P. Taylor 
S. Thamilarasan
Demetrios A. Tziouvaras
C. L. Wagner
W. Phil Waudby
James W. Wilson, Jr.
Luis E. Zambrano
Donald W. Zipse
Ahmed F. Zobaa

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


 

vi Copyright © 2007 IEEE. All rights reserved.

 

When the IEEE-SA Standards Board approved this standard on 15 September 2006, it had the following
membership:

 

Steve M. Mills,

 

 Chair

 

Richard H. Hulett, 

 

Vice Chair

 

Don Wright,

 

 

 

Past Chair

 

Judith Gorman,

 

 

 

Secretary

 

*Member Emeritus

 

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

 

Satish K. Aggarwal, 

 

NRC Representative

 

Richard DeBlasio, 

 

DOE Representative

 

Alan H. Cookson, 

 

NIST Representative

 

IEEE Std C37.101-2006/Cor1:2007

 

At the time IEEE Std C37.101-2006/Cor1:2007 was completed, the working group had the following
membership: 

 

Joe T. Uchiyama, 

 

Chair

 

Ratan Das, 

 

Vice Chair

 

Mike Reichard, 

 

Co-Vice Chair

Mark D. Bowman
Dennis B. Brophy
William R. Goldbach
Arnold M. Greenspan
Robert M. Grow
Joanna N. Guenin
Julian Forster*
Mark S. Halpin
Kenneth S. Hanus

William B. Hopf
Joseph L. Koepfinger*
David J. Law
Daleep C. Mohla
T. W. Olsen
Glenn Parsons
Ronald C. Petersen
Tom A. Prevost

Greg Ratta
Robby Robson
Anne-Marie Sahazizian
Virginia C. Sulzberger
Malcolm V. Thaden
Richard L. Townsend
Walter Weigel
Howard L. Wolfman

Munnu Bajpai
Zeeky Bukhala
Stephen P. Conrad
Albert Darlington 
Everett Fennell

Dale Finney 
Jon Gardell
Wayne Hartmann
Rai Marttila 
Charles Mozina
Robert D. Pettigrew

Kim Sungsoo
Sahib Usman
W. Phil Waudby
Joseph Wilson
Murty V.V.S. Yalla

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


 

Copyright © 2007 IEEE. All rights reserved vii

 

The following members of the individual balloting committee voted on this corrigendum. Balloters may
have voted for approval, disapproval, or abstention. 

William J. Ackerman 
Gary E. Arnston
Ali Al Awazi 
G. J. Bartok 
David C. Beach
Kenneth C. Behrendt
Wallace B. Binder, Jr. 
William G. Bloethe
Oscar E. Bolado
Stuart H. Bouchey 
Steven R. Brockschink 
Gustavo A. Brunello 
Stephen P. Conrad
Tommy P. Cooper 
Louis m. Coronado
Ratan Das 
F. A. Denbrock 
Gary L Donner
Paul R. Drum
Ahmed F. Elneweihi
Gary Engmann
Jonathan D. Gardell
Jeffrey G. Gilbert 
Jalal Gohari
Manuel Gonzalez

Stephen E. Grier 
Randall C. Groves
Steve Hamilton
Roger A. Hedding 
Hamidreza Heidarisafa
Gary A. Heuston
Jerry W. Hohn 
David A. Horvath 
James D. Huddleston, III 
R. Jackson 
Brian K. Johnson 
Gerald F. Johnson
Joseph L. Koepfinger 
Jim Kulchisky 
Raluca E. Lascu
Keith N. Malmedal 
Omar S. Mazzoni
Michael J. McDonald 
Gary L. Michel 
Dean H. Miller
Jerry R. Murphy
Michael S. Newman 
Joe W. Nims
T. W. Olsen 
Allan D. St. Peter 

Christopher J. Pettigrew
Robert D. Pettigrew 
Bruce Pickett
Louie J. Powell, Jr.
Madan S. Rana 
Michael A. Roberts 
Charles W. Rogers 
Steven Sano 
Bartien Sayogo
James E. Smith
Peter B. Stevens 
Richard P. Taylor 
S. Thamilarasan
James E. Timperley
Demetrios A. Tziouvaras
Joe T. Uchiyama
John A. Vergis
W. Phil Waudby
James W. Wilson, Jr.
Larry E. Yonce
Richard C. Young
Ahmed F. Zobaa

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


 

viii Copyright © 2007 IEEE. All rights reserved.

 

When the IEEE-SA Standards Board approved this corrigendum on 26 September 2007, it had the following
membership: 

 

Steve M. Mills,

 

 Chair

 

Robert M. Grow, 

 

Vice Chair

 

Don Wright,

 

 

 

Past Chair

 

Judith Gorman,

 

 

 

Secretary

 

*Member Emeritus

 

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

 

Satish K. Aggarwal, 

 

NRC Representative

 

Alan H. Cookson, 

 

NIST Representative

 

Don Messina

 

IEEE Standards Program Manager, Document Development

 

Matthew Ceglia

 

IEEE Standards Program Manager, Technical Program Development

Richard DeBlasio
Alex Gelman
William R. Goldbach
Arnold M. Greenspan
Joanna N. Guenin
Julian Forster*
Kenneth S. Hanus
William B. Hopf

Richard H. Hulett
Hermann Koch
Joseph L. Koepfinger*
John Kulick
David J. Law
Glenn Parsons
Ronald C. Petersen
Tom A. Prevost

Narayanan Ramachandran
Greg Ratta
Robby Robson
Anne-Marie Sahazizia
Virginia C. Sulzberger
Malcolm V. Thaden
Richard L. Townsend
Howard L. Wolfman

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


 

Copyright © 2007 IEEE. All rights reserved ix

 

Contents

 

1. Overview.............................................................................................................................................. 1

1.1 Scope............................................................................................................................................ 1
1.2 Purpose......................................................................................................................................... 1
1.3 Description of the guide............................................................................................................... 2

2. Normative references ........................................................................................................................... 2

3. Definitions, acronyms, and abbreviations............................................................................................ 2

3.1 Definitions.................................................................................................................................... 2
3.2 Acronyms and abbreviations........................................................................................................ 3

4. Summary of protection schemes.......................................................................................................... 3

5. Generator connections ......................................................................................................................... 7

5.1 Example use of Table 1................................................................................................................ 9

6. Generator grounding methods.............................................................................................................. 9

6.1 Method I—Effective high-resistance ground with a distribution transformer........................... 10
6.2 Method II—High-resistance ground with a neutral ground resistor.......................................... 10
6.3 Method III—Low-resistance ground with a neutral ground resistor ......................................... 10
6.4 Method IV—Low-reactance ground with a neutral ground reactor .......................................... 11
6.5 Method V—Resonant ground with a ground fault neutralizer .................................................. 11
6.6 Method VI—High-resistance ground with a delta-grounded-wye transformer......................... 11
6.7 Method VII—Medium-resistance ground with a delta-grounded-wye transformer.................. 12
6.8 Method VIII—Ungrounded ....................................................................................................... 12
6.9 Method IX—Hybrid ground (switching low resistance to high resistance) .............................. 12

7. Protective schemes............................................................................................................................. 12

7.1 Scheme 1—Ground overvoltage (complete shutdown)............................................................. 13
7.2 Scheme 2—Ground overvoltage (permissive shutdown) .......................................................... 15
7.3 Scheme 3—Ground overvoltage exceed rated relay voltage 

(alarm and time-delay shutdown) .............................................................................................. 16
7.4 Scheme 4—Ground overvoltage exceed rated relay voltage (alarm) ........................................ 16
7.5 Scheme 5S—Start-up ground overvoltage (complete shutdown).............................................. 17
7.6 Scheme 6—Ground fault neutralizer (alarm and time-delay shutdown) ................................... 18
7.7 Scheme 7—Grounded wye-broken-delta VTs with ground overvoltage 

(complete shutdown).................................................................................................................. 20
7.8 Scheme 8S—Start-up grounded wye-broken-delta VTs with ground overvoltage 

(complete shutdown).................................................................................................................. 21
7.9 Scheme 9—Secondary-connected CT, time-delay ground overcurrent 

(complete shutdown).................................................................................................................. 21
7.10 Scheme 10—Primary-connected CT, time-delay ground overcurrent 

(complete shutdown).................................................................................................................. 22
7.11 Scheme 11—Instantaneous ground overcurrent (alarm and/or complete shutdown)................ 23
7.12 Scheme 12—Generator leads ground overcurrent (complete shutdown) .................................. 24

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


 

x Copyright © 2007 IEEE. All rights reserved.

 

7.13 Scheme 13—Three-wire generator leads with window CT, instantaneous ground 
overcurrent (complete shutdown) .............................................................................................. 25

7.14 Scheme 14—Four-wire generator leads with window CT, instantaneous ground 
overcurrent (complete shutdown) .............................................................................................. 26

7.15 Scheme 15—Generator percentage differential (complete shutdown)...................................... 27
7.16 Scheme 16—Current-polarized directional overcurrent relay................................................... 27
7.17 Scheme 17—Generator percentage differential relay on delta-connected generator 

(complete shutdown).................................................................................................................. 28
7.18 Scheme 18—100% stator winding ground protection schemes ................................................ 29
7.19 Scheme 19—Alternate stator winding protection with high-impedance relays ........................ 36
7.20 Scheme 20—Generator neutral overcurrent protection for an accidental solid ground fault .... 37
7.21 Scheme 21—Directional ground fault protection for high-resistance ground 

bus connected generators (multi-ground) .................................................................................. 38
7.22 Scheme 22—Hybrid ground protection for high-resistance grounded bused generator 

and ungrounded distribution system .......................................................................................... 39

8. Miscellaneous considerations ............................................................................................................ 40

9. Protective device function numbers................................................................................................... 42

Annex A (informative) Stator ground protection for a high-resistance grounded generator......................... 44

Annex B (informative) Ground protection example to determine the percent coverage of a 
high-impedance differential relay .................................................................................................. 58

Annex C (informative) Glossary.................................................................................................................... 61

Annex D (informative) Bibliography............................................................................................................. 64

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


 
 
 

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. 
 
Differential relaying will not detect stator ground faults on high-impedance grounded generators. The high 
impedance normally limits the fault current to levels considerably below the best practical sensitivity of the 
differential relaying. Separate ground fault protection is then provided. 
 
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 guide 
 

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 C is a bibliography of available literature on the ground-fault problem from which source material was 
drawn. 

 
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 
(CT) secondary circuits are not generally the same for all installations. For this reason no secondary fuses or 
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. 
 
This  standard  shall  be  used  in  conjunction  with  the  following  publication.  When  the  following  standards  
are superseded by an approved revision, the revision shall apply. 
 
IEEE  Std  C37.2-1991,™,  IEEE  Standard  Electrical  Power  System  Device  Function  Numbers  and  
Contact Designations.1, 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. (ANSI). 
 
 
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]3 should be referenced for terms not defined in this 
subclause. 

 
1IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org/). 
2The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
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 
leads are not brought out of the transformer tank. This is for the purpose of third harmonic suppression, and the 
rating is usually 10% of the full transformer rating (Scheme 12). 
 
 
3.2 Acronyms and abbreviations 

 
IOC/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– IX), 
are  one-line  diagrams  of  approved  grounding  methods  for  electric  generators  covered  in  IEEE  Std  
C62.92. 24  as explained  in clause 5. These diagrams will be explained and discussed subsequently. The 
individual boxes in table 1 list by scheme number (1, 2,Clause 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 generator connection(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 lowhigh resistance, and the main leads are 
connected directly to a grounded system through a circuit breaker. 

 
Those boxes that are crossed out 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, II, 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-VIII, 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. 

 
1IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 
08855- 1331, USA. 2Information 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 last.later. 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 voltage 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 all 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 question 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 
scheme provides great sensitivity for detecting a ground fault in the area of a feeder(s), and the generator bus, 
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 with 
and a secondary resistor. In series with the secondary of the distribution  transformer  is a current-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 to which terminalthe specific interface 
points (R, S, W, etc.) they connect..). 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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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 bothmore 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 (∆) 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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 Table 1—Generator connections, generator grounding methods, and protective scheme 
numbers 
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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 (∆-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 
 
 

 

 
Type of neutral 

grounding 

 

Fault current 
characteristics of

grounding 
method 

 

Magnitude of 
expected third 

harmonics 
current 

 
 

Comments 

Ungrounded generator 0 A 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 IΦG > I3Φ Appreciable A phase-to-ground fault current level 
(IΦG) may be significantly greater than 
three-phase fault current level (I3Φ). 

Low-resistance grounded 
generator 

400 A ~ 1200 A Appreciable Appreciably reduced ground fault current 
by a reactance. 

Medium-resistance grounded 
generator 

200 A ~ 400 A Appreciable A variation of low-resistance grounding 
method will further reduce the ground 
fault current level. 

High-resistance grounded 
generator 

10 A ~ 25 A Negligible, small A phase-to-ground fault current is fed by 
all capacitors on the generator and 
generator bus. 

Low-reactance grounded 
generator 

I3Φ ≥   IΦG Appreciable A phase-to-ground fault current level 
(IΦG) is nearly equal or less than a three- 
phase fault current level (I3Φ). 

Hybrid grounded generator 10 A ~ 25 A (high
resistance) and 
200 A ~ 400 A 
(low resistance)

Appreciable The first ground fault current level will be 
200 A ~ 400 A with low-resistance 
grounding, and 10 A ~ 25 A after 
switched to a high-resistance grounding 
scheme. 

 
 
 

Connection G depicts the situation, often found in industrial applications, where a generator is directly 
connected to a common bus. Local facility loads are also connected to this bus. When the generator is not 
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 

 
Table 1 is a list of possible combinations of grounding methods and possible types of relay schemes. 

 
NOTE—The figures in Table 1 are shown only for reference. Details of the respective figures and schemes can be found in 
Clause 7.5 

 
If the generator (Y stator windings) connected to the delta windings of the generator step-up (GSU) 
transformer, the grounding methods I, II, or V from Table 1 can be used. 

 
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 8S. 
 

 
 
6. Generator grounding methods 

 
 

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

 
1)     Effectively grounded 
2)     Low inductance 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/ 
disadvantages of these six generator grounding methods, refer to IEEE Std C62.92.2. 

 
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 
 
 
5.1 Method I: High resistance grounded (distribution transformer grounded) 

 
Grounding method I utilizes a distribution transformer with a primary voltage rating equal to, or greater than, the 
line  to neutral voltage rating of the generator, with a secondary rating of 120 V or 240 V. The distribution  
transformer should have sufficient overvoltage capability so that it does not saturate on phase to ground  faults 
with the machine operated at 105% rated voltage. Secondary resistors are usually selected so that for a single 
phase to ground  fault at the terminals  of the generator,  the power dissipated  in the resistor is equal to, or 
greater than, the zero sequence reactive volt amperes in the zero sequence capacitive reactance of the generator 
windings, its leads, and the windings of the transformers that are connected to the generator terminals. 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 to 25 primary amperes. This is not of sufficient magnitude 
to operate standard generator differential relays. In general, the W-Z current  

 
5Notes 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 
with a small resistance in the secondary of the distribution transformer. The primary of the distribution 
transformer is connected between the generator neutral and ground. The ground resistance value (R) is 
generally extremely small (< 1 Ω); however, the imposed ohmic value to the primary circuit becomes 
extremely high resistance value (in the order of kilohm. See A.1.1). The high resistance is N2R where N is the 
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 of 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. 
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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 
electrical 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 II—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  voltage transformer   voltage  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 III—Low resistance ground with a neutral  ground resistor 

 
Method III illustrates a low resistance grounding arrangement. This type of grounding method permits fault 
current many times higher (400 A ~ 1200 A primary current) than those produced by methods described in 6.1 
and 6.2. In the case 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.  However, 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 illustrates 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. 

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


 
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 neutralizer[GFN]) 

 
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, such as when 
low side breakers are applied. In general, the resonant grounding method suppresses a phase  to ground fault 
current in less than 1 A primary current. 

 
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. These transformers  must have their primary  voltage  rating equal to the line to line  voltage  of 
the generator.  Secondary voltage is commonly 120 V or 240 V. As in the case of I, the resistor is selected so that, 
for a single phase to  ground fault at the terminals of the generator, the power dissipated in the resistor is equal to, 
or greater than, the three  phase zero sequence reactive volt amperes in the zero sequence capacitance of the 
generator windings, its leads, and the windings of the transformers  connected to the generator terminals. The 
total capacity of the three transformers must be 1.732 times the watt dissipation  of the resistor, and the 
voltage applied to the resistor is 1.732 times the transformer  rated secondary voltage. 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 
grounding method will suppress the phase to ground fault current in a range of 10 A to 25 A primary current. 

 
 
6.7 Method VII—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 
current) and provides a phase to ground fault current in a range of 200 A to 400 A primary current. 

 
 

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


6.8 Method VIII—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. 
 
In grounding methods I through V, the neutral current transformer is shown to be connected between the fault 
limiting device and ground. This current transformer could be located on either side of the fault limiting device 
depending on the preference  of the user. The insulation  level of the current transformer  should be compatible  
with the possible voltage to which it may be exposed. 

 
 
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 those of the bibliography sources in annex C. 

 
For ground fault neutralizer 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 clearedisolated 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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