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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessar-
ily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE which have
expressed an interest in participating in the development of the
standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to produce,
test, measure, purchase, market, or provide other goods and services
related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to
change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard
is subjected to review at least every five years for revision or reaffir-
mation. When a document is more than five years old, and has not
been reaffirmed, it is reasonable to conclude that its contents, al-
though 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.

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 pro-
posed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate re-
sponses. Since IEEE Standards represent a consensus of all con-
cerned 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 technical committees are not able to
provide an instant response to interpretation requests except in those
cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
P.O. Box 1331

445 Hoes Lane

Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption
may involve patents on articles, materials, or processes. Such adop-
tion does not assume any liability to any patent owner, nor does it
assume any obligation whatever to parties adopting the standards
documents.
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Foreword

(This Foreword is not a part of IEEE C62.92-1989, IEEE Guide for the Application of Neutral Grounding in Electrical Utility
Systems, Part I[I—Grounding of Synchronous Generator Systems.)

This guide is the second in a series of documents on neutral grounding in electric utility systems. Part II
covers the considerations and practices relating to the grounding of synchronous generator systems.

Emphasis in this guide is to be directed toward the grounding of synchronous generator systems in
electric utility systems. Generator grounding practices used in industrial systems are covered in other
guides and standards.
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J. J. Burke R. A. Jones M. Parente
J. G. Dalton S. 8. Kershaw S. A. Potocny
D. C. Dawson J. L. Koepfinger R. Richman
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IEEE Guide for the Application of
Neutral Grounding in Electrical Utility Systems
Part II—Grounding of Synchronous Generator Systems

1. Scope and References

1.1 Scope. This section summarizes the general
considerations in grounding synchronous genera-
tor systems and discusses the factors to be consid-
ered in the selection of a grounding class and the
application of grounding methods. The guidelines
apply to both the large and small generators
found in electric utility systems.

It should be borne in mind by the user that this
report is intended solely as a guide. Statements
are necessarily of a general nature and, therefore,
do not take into account the requirements of spe-
cial situations that can differ considerably from
those discussed.

1.2 References

The following publications should be used in
conjunction with this guide:

[1] ANSI C50.10-1977, General Requirements for
Synchronous Machines.!

[2] ANSI C50.12-1981, Requirements for Salient
Pole Synchronous Generators and Generator/
Motors for Hydraulic Turbine Applications.

[3] ANSI C50.13-1977, Requirements for Cylin-
drical Rotor Synchronous Generators.

[4] ANSI/IEEE C37.101-1985, Guide for Genera-
tor Ground Protection.2

[5] ANSI/IEEE C62.2-1987, Guide for Applica-
tion of Gapped Silicon-Carbide Surge Arresters
for Alternating Current Systems.

[6] ANSI/IEEE C62.92-1987, Guide for the Appli-
cation of Neutral Grounding in Electrical Utility
Systems, Part I—Introduction.

1 ANSI publications are available from the Sales Depart-
ment, American National Standards Institute, 1430 Broadway,
New York, NY 10018.

2 ANSI/IEEE publications are available from the Institute of
Electrical and Electronics Engineers, Service Center, 445 Hoes
Lane, Piscataway, NJ 08855-1331, or from the Sales Depart-
ment, American National Standards Institute, 1430 Broadway,
New York, NY 10018.

[7] ANSI/IEEE Std 95-1977 (R1982), Recom-
mended Practice for Insulation Testing of Large
AC Rotating Machinery with High Direct Voltage.

[8] ANSI/IEEE Std 433-1974 (R1985), Recom-
mended Practice for Insulation Testing of Large
AC Rotating Machinery with High Voltage at Very
Low Frequency.

[9] ANSI/IEEE Std 519-1981, Guide for the Har-
monic Control and Reactive Compensation of
Static Power Converters.

[10] ANSI/NFPA 70-1987, National Electrical
Code3

[11] AIEE COMMITTEE REPORT. Relay Protec-
tion of A-C Generators. AIEE Transactions on
Power Apparatus and Systems, vol PAS-70, 1951,
pp 275-282.

[12] ALLEN, J. E. and WALDORF, S. K. Arcing
Ground Tests on a Normally Ungrounded 13kV
3-Phase Bus, AIEE Transactions on Power Appa-
ratus and Systems, vol 65, 1946, pp 298-306.

[13] BERDY, J., CRENSHAW, M. L., and TEMO-
SHOK, M. “Protection of Large Steam Turbine-
Generators During Abnormal Operating Condi-
tions,” General Electric Company, GER-2811, 1972.

[14] BROWN, P. G. “Generator Neutral Ground-
ing,” General Electric Company, GET 1941, 1953,
pp 12-17.

[15] BROWN, P. G., JOHNSON, I. B, and STEVEN-
SON, J. R. Generator Neutral Grounding, Some
Aspects of Application for Distribution Trans-
former with Secondary Resistor and Resonant
Types, IEEE Transactions on Power Apparatus
and Systems, vol PAS-97, no 3, May/June 1979,
pp 683-694.

3NFPA documents are published by the National Fire Pro-
tection Association, Publications Sales Division, Batterymarch
Park, Quincy, MA 02269. Copies are also available from the
Sales Department of the American National Standards Insti-
tute, 1430 Broadway, New York, NY 10018.
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[16] DANN, W. M. and MONTSINGER, V. M. Over-
loading of Power Transformers, AIEE Trans-
actions on Power Apparatus and Systems, Oct
1934, p 1353.

[17] EATON, J. R.,, PECK, J. K., and DUNHAM,
J. M. Experimental Studies of Arcing Faults on a
75kV Transmission System, AIEE Transactions on
Power Apparatus and Systems, vol 50, 1931,
pp 1467-1479.

[18] GRIFFEN, C. H. and POPE, J. W. Generator
Ground Fault Protection Using Overcurrent,
Overvoltage, and Undervoltage Relays, IEEE
Transactions on Power Apparatus and Systems,
vol PAS-101, no 12, Dec 1982, p 4491.

[19] GROSS, E.T. B. “Sensitive Generator Ground
Fault Protection,” Proceedings of the American
Power Conference, vol 36, 1974, p 1034.

[20] GROSS, E. T. B. and GULACHENSK]I, E. M.
Experience of the New England Electric System
with Generator Protection by Resonant Neutral
Grounding, IEEE Transactions on Power Appa-
ratus and Systems, vol PAS-92, July/Aug 1973, pp
1186-1194.

[21] GULACHENSKI, E. M. and COURVILLE,
E. W. New England’s 30 Years of Experience with
Resonant Neutral Grounding of Unit-Connected
Generators, IEEE Transactions on Power Appa-
ratus and Systems, Sep 1984, pp 2572-2578.

[22] IEEE COMMITTEE REPORT. Potential Trans-
former Application on Unit-Connected Genera-
tors, IEEE Transactions on Power Apparatus
and Systems, 1972, pp 24-284

{23] KHUNKHUN, K. J. S, KOEPFINGER, J. L.,
and HADDED, M. V. Resonant Grounding (Ground
Fault Neutralizer) of a Unit Connected Generator.
IEEE Transactions on Power Apparatus and
Systems, vol PAS-96, no 2, Mar/Apr 1977, pp
550-559.

[24] PETERSON, H. A. Transients in Power Sys-
tems, Dover Publication, New York, 1951.

[25] RAJK, M. N. Ground-Fault Protection of
Unit-Connected Generators. AIEE Transactions
on Power Apparatus and Systems, vol PAS-77,
part III, 1958, pp 1082-1094.

[26] TEICHMAN, H. T. Improved Maintenance
Approach for Large Generator Armature Wind-
ings Subject to Insulation Migration. IEEE
Transactions on Power Apparatus and Systems,
vol PAS-92; 1973, pp 1234-1238.

41EEE publications are available from IEEE Service Center,
445 Hoes Lane, Piscataway, NY 08855-1331.

IEEE GUIDE FOR THE APPLICATION OF
2. Objectives of Generator Grounding

The principle objective of grounding a synchro-
nous generator system is the protection of the
generator and associated equipment against dam-
age caused by abnormal electrical conditions. The
specific objectives in the protection of the genera-
tor are as follows:

(1) Minimizing damage for internal ground

faults.

(2) Limiting mechanical stress in the generator
for external ground faults.

(3) Limiting TOVs (temporary overvoltages)
and transient overvoltages on the genera-
tor insulation.

(4) Providing a means of generator system
ground fault detection.

(5) Coordinating the protection of the genera-
tor with the requirements of other equip-
ment connected at generator voltage level.

The choice of grounding class is largely deter-
mined by the relative importance to the user of
each of the above objectives. The degree to which
each of the possible grounding methods accom-
plishes the desired objectives is discussed in the
following paragraphs.

2.1 Minimizing Damage for Internal Ground
Faults. It has been concluded from field investi-
gations of generator failures that limiting ground
current magnitudes/durations during internal
line-to-ground faults is no guarantee that core
damage will be completely eliminated [11], {26].5
However, there is an indication that low-fault cur-
rents and fast-fault clearing will minimize core
damage since iron burning and damage depend
mainly on core current magnitude and duration.
The energy generated in a fault is equal to I2Rt,
where R is the fault resistance. This relationship
indicates that a reduction in current will have a
greater reduction in fault-heating damage than a
proportional reduction in time. However, the
energy generated by an arcing fault will not be
reduced by the square of the reduced current as
implied by the equation. It will reduce more
slowly because the arcing fault resistance is
neither constant nor linear [25].

The available classes of grounding may be
ranked as follows in approximate order of in-
creasing fault current:

(1) Resonant grounded

(2) Ungrounded

5The numbers in brackets correspond to those of the refer-
ences listed in 1.2.
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