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An American National Standard 

IEEE Guide for 
Generator Ground Protection 

1. Introduction 

This guide has been prepared to aid in the 
application of relays and relaying schemes for 
the protection of synchronous generators for 
single-phase-to- ground faults in the stator wind- 
ing. The guide is not intended for the selection 
of generator or ground connection schemes. 

The information included in the main body is 
limited to those generator connections, ground- 
ing practices, and protective schemes generally 
used in North America. 

Appendix A provides information on some of 
the protective schemes in use elsewhere in the 
world and on schemes which are not in wide- 
Npread use throughout North America. 

Appendix B provides examples of how to 
calculate ground overcurrent and overvoltage 
relay settings for the various protective schemes 
(and how to coordinate them with voltage trans- 
former secondary fuses. 

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

Recommended protective schemes and the 
arrangements in which they may be applied 
are indicated in Table 1. The use of this table 
is described in Section 3 with supporting in- 
formation provided in subsequent sections. 

2. References 
When the following standards are superseded 

by an approved revision, the latest revision 
shall apply. 
[ 13 ANSI/IEEE C37.2-1979, IEEE Standard 
Electrical Power System Device Function Num- 
bers. 

[2] IEEE Std 143-1954, IEEE Application 
Guides for Ground-Fault Neutralizers, Ground- 
ing of Synchronous Generator Systems, Neutral 
Grounding of Transmission Systems. 

[3] GROSS, E.T.B. Sensitive Generator 
Ground-Fault Protection, Proceedings American 
Power Conference, ~0136,1974, pp 1031-1035. 

[ 41 GROSS, E.T.B., and GULACHENSKI, E.M. 
Experience of the New England System with 
Generator Protection by Resonant Neutral 
Grounding. IEEE Transactions on Power Ap-  
paratus and Systems, vol 92, Jul/Aug, 1973, 

[ 51 IEEE COMMITTEE REPORT. Potential 
Transformer Application on Unit Connected 
Generators. IEEE Transactions on Power Ap- 
paratus and Systems, vol 91, Jan/Feb 1972, 

pp 1186-1194. 

pp 24-28. 

3. 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 which iden- 
tify the protective schemes. The following ex- 
planation has been prepared as an aid for its use. 

Across the top of the table, heading the 
six columns (A-F), are one-line diagrams cover- 
ing most, if not all, of the significant variations 
of generator-transformer-bus circuit-breaker ar- 
rangements that might be encountered in a 
present-day electric utility or industrial power 
system. These diagrams are discussed in Sec- 
tion 4 of this guide. Vertically, along the left 
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GENERATOR GROUND PROTECTION 
ANSI/IEEE 

C37.101-1985 

side of the table, heading the eight rows 
(I-VIII), are one-line diagrams of approved 
grounding methods for electric generators 
covered in IEEE Std 143-1954 E21.l These 
diagrams will be explained and discussed sub- 
sequently. The individual boxes in Table 1 list 
by scheme number (1, 2, 3, etc), the diffe,r- 
ent applicable ground-fault protective schemes 
that apply for a given generator connection, 
and a given grounding method. For example, 
the box under column E and row 111 indicates 
that protective schemes 10, 11, 14,15, and 16 
may be applied for single-phase-to-ground fault 
protection of a wye- connected generator. The 
neutral is grounded through a low resistance, 
and the main leads are connected directly to a 
grounded system through a circuit breaker. 

Those boxes which are crossed out and con- 
tain no protection scheme numbers represent 
cases that are either not practical or not recom- 
mended. For example, under column D, a 
deltaconnected generator has no neutral avail- 
able, so boxes under column D (associated with 
rows I, 11,111, 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 
tuned-resonant grounding method, in the 
neutral of a wyeconnected generator directly 
connected to a grounded system, is a misappli- 
cation. 

The protective scheme numbers in the boxes 
refer to protective schemes that are completely 
illustrated and described in Section 6 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 protec- 
tive devices that are not tuned to normal system 
frequency, so that they offer sensitive protec- 
tion over a wide range of frequencies. Thus, 
schemes designated with the suffix S are suit- 
able for the protection of machines during 

and shutdown. Protective scheme num- 
bers without the suffix S represent schemes 
that are indexed to provide protection only 
during operation at rated frequency. For 

lThe numbers in brackets correspond to  the refer- 
ences listed in Section 2 of this guide. 

example, in the case of the generator connec- 
tion 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 startup 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, 
startup and shutdown proctection for single- 
phase-to-ground faults is indicated only in 
those applications where a high-impedance 
grounded or an ungrounded generator is con- 
nected directly to a grounded system, or where 
excitation is applied to a machine early in the 
startup cycle or is removed late in the shut- 
down cycle. This startup and shutdown pro- 
tection 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. 

The protective scheme numbers in Table 1 
are arranged in the boxes with the running pro- 
tective schemes listed first, and the startup 
protective schemes-where they apply-listed 
last. Within each box, the schemes within the 
brackets are the most widely used and recom- 
mended. The remainder 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-toground faults, the fact that scheme 7 
requires voltage transformers on the generator 
leads may reduce the overall reliability of the 
generator. Thus, 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 
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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 frequency. Under these con- 
ditions, the need for startup or shutdown pro- 
tection is minimized. 

Section 5 describes grounding methods I- 
VIII. The different grounding methods head up 
the rows in Table 1 along the left-hand side. 
The diagrams in the column are intended to 
indicate the different grounding methods and 
the means for interfacing with the protective 
relay schemes. The diagrams in row I have both 
a neutral point N and a ground point in the 
primary circuit, as do those in rows 11-V. The 
point N in the grounding method diagram con- 
nects to the point N in the generator-connec- 
tion diagram with which it is applied. For 
example, if any grounding method, I-V, is used 
with any generator connection 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 deltaconnected ma- 
chines 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. Finally, row VI11 indicates an ungrounded 
machine which is grounded only through the 
system to which it may be connected. 

In Table 1, the diagram for grounding meth- 
ods also indicates the interface between the pri- 
mary circuits and the protective schemes. An 
example of this is that grounding method I 
shows a distribution transformer with a secon- 

meamre the current in the resistor during a 
ground fault in the generator stator or its as- 
sociated circuits. 

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

Again, in grounding method I, the current 
transformer 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 gen- 
erator neutral during ground faults in the 
generator-stator winding or its associated cir- 
cuits. The terminal points R. S, X. Y, W, and 2 
are the interface connections to the protective 
schemes. The same is true in grounding methods 
11-VI. Reference to these connections will 
show that not all the grounding methods pro- 
vide the same opportunities for protection. For 
example, in method IV, only a neutral-current 
transformer is indicated with secondary con- 
nections to terminals W and Z. 

The diagrams for each of the protective 
schemes in Section 6 indicate to which termi- 
nal 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. 
From Table 1, it will be noted that protective 
scheme 1 may be used with grounding methods 
I, 11, and VI, since all of these have interfacing 
terminals labeled X and Y. Similar comments 
apply to the other protective schemes and the 
interfacing terminal designations. 

4. Generator Connections 
dary resistor. In series with the secondary of The six different classes of generator connec- 
the distribution transformer is a current- tions illustrated in Table 1 are intended to be 
transformer primary winding. The secondary representative of connections in common use 
winding of this current transformer terminates today. While the connections of the two dia- 
at terminals labeled R and S. A currentaperated grams in column A are different, the arrange- 
relay, connected to these two terminals, will ments are such that the same protective schemes 
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may be applied to both. The criteria here is 
that a single-phase-to-ground fault in a generator 
will not produce any significant zero-sequence 
current or voltages in the system, nor will a 
similar fault in the system produce any signifi- 
cant zero-sequence quantities in the generator 
circuit. 

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 m e  
kind of protective schemes could be used as if 
OK@ one unit were connected to  the trans- 
farmer. 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 indi- 
cate that the unit stepup transformer is any 
autotransformer, with either a wounddelta 
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 fault current could flow for a ground 
fault in the stator when the generator is running 
with field excitation applied. 

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 
deltaconnected winding of the power trans- 
former provides zero-sequence isolation be- 
tween the generator and the system. Such delta- 
connected generator units have no neutral avail- 
able, so that grounding is obtained by the use 
of a scheme as illustrated in Table 1, method 
VI. In general, one common grounding equip- 
ment is employed regardless of the number of 
generator units that are connected to a given 
transformer winding. 

, 

The circuit arrangements of connection D 
and E indicate generators connected directly to 
the system bus without any interposing stepup 
transformer. In general, these will be relatively 
small generators and they will be connected to 
a grounded (in contrast to an ungrounded) 
power system. As indicated in Table 1, the delta 
machine of connection D requires the scheme 
of method VI or VI1 for grounding while that 
of connection E uses a suitable neutral ground- 
ing 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, ex- 
cept 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 com- 
mon 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. 

5. Grounding Methods 
This guide describes protection for six of the 

seven grounding categories covered in IEEE Std 
143-1954 [2]. The seven categories described 
in IEEE Std 143-1954 [2] are: solid, resistor, 
reactor, distribution transformer, ground-fault 
neutralizer, grounding transformer, and un- 
grounded, Protection for solidly grounded gen- 
erators is not considered in this guide. These 
machines can be protected for ground faults by 
conventional differential and overcurrent relays. 
IEEE Std 143-1954 [2] considers high-, 
medium-, and low-resistance grounding as a 
single category. This guide lists them as separate 
grounding methods, since each requires a dif- 
ferent type of protective scheme. Thus there 
are eight grounding methods given in Table 1. 
They are 
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I Distribution-Transformer Grounded (High 

I1 Neutral-Resistor Grounded (High Resis- 

I11 Neutral-Resistor Grounded (Low Resis- 

IV Neutral-Reactor Grounded (Low Inductive 

V Ground-Fault Neutralizer Grounded (Tuned 

VI Grounding-Transformer Grounded (High 

VI1 Grounding-Transformer Grounded (Medi- 

VI11 Ungrounded 

Resistance) 

tance) 

tance) 

Reactance) 

Inductive Reactor) 

Resistance) 

um Resistance) 

5.1 Method I, Distribution-Transformer 
Grounded (High Resistance). Grounding Method 
I utilizes a distribution transformer with a pri- 
mary-voltage rating equal to, or greater than, 
the line-to-neutral voltage rating of the gen- 
erator, 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-toground faults 
with the machine operated at 105% rated volt- 
age. 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 voltampere loss in the 
zero-sequence capacitance of the generator 
windings, its leads, and the windings of the 
transformers that are connected to the gener- 
ator terminals. This arrangement is considered 
to be high-resistance grounding, and it limits 
the maximum single-phase-toground fault cur- 
rent to a value in the range of approximately 
3-25 primary amperes. This is not of sufficient 
magnitude to operate standard generator differ- 
ential relays. In general, the W-Z current trans- 
former will have a ratio of unity and the R-S 
current-transformer ratio is usually selected so 
that its secondary current will be approximately 
equal to the primary current in the generator 
neutral. 

5.2 Method 11, Neutral-Resistor Grounded 
(High Resistance). Grounding Method 11 is func- 
tionally equivalent to that of Method I. In 
Method 11, the resistor is sized directly to limit 
the single-phase-to-ground fault current to the 
same magnitude as in Method I, without the use 
of a distribution transformer. However, the volt- 

age transformer voltage ratings are selected on 
the same basis as those for the distribution trans- 
former in Method I. The W-Z current-trans- 
former ratio is generally selected to be unity. 

5.3 Method 111, Neutral-Resistor Grounded 
(Low Resistance). Method I11 illustrates a low- 
resistance grounding arrangement. This type of 
grounding method pennits fault current many 
times higher than those produced by methods 
I and 11. In the case of the low-resistance 
grounding methods, 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. 

5.4 Method IV, Neutral-Reactor Grounded 
(Low Inductive Reactance). Method IV illus- 
trates a low inductive-reactance grounding 
arrangement. This type of grounding method 
permits fault current many times higher than 
those produced by Methods I and 11. In the 
case of low inductive-reactance grounding 
methods, the single-phase-to- ground fault cur- 
rent 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. 

5.5 Method V, Ground-Fault Neutralizer 
Grounded (Tuned Inductive Reactor). Method 
V illustrates the ground-fault neutralizer ar- 
rangement. In this grounding method, a distri- 
bution type transformer with a ratio selected, 
as in Method I, is used with a secondary reac- 
tor. The ohmic value of this secondary reactor 
is selected so that, when reflected into the 
primary circuit, its reactance is equal to 4 of 
the zero-sequence capacitive reactance of the 
circuit from (and including) the generator, to 
(and including) the delta windings of the asso- 
ciated power transformers. This type of ground- 
ing limits the single-phase-to- ground fault 
current to values that will not sustain an arc. 
It is applicable only where the zero-sequence 
capacitance of the circuit does not change 
significantly for different system conditions. 
Thus, it may not be readily applied to units 
arranged as in Fig F, such as when low-side 
breakers are applied. 

5.6 Method VI, Grounding Transformer 
Grounded (High Resistance). Grounding Meth- 
od VI uses three distribution transformers with 
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ratios selected as in Method I. The primary wind- 
ings of these are connected to the generator leads 
in Y, while the secondaxies are connected in 
broken A with a resistor. As in the case of 
Method 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 re- 
sistor is equal to, or greater than, the 3-phase 
zero-sequence reactive voltampere loss in the 
zero-sequence capacitance of the generator 
windings, its leads, and the windings of the 
transformers connected to the generator 
terminals. This grounding method is used on 
A-. connected generators. 

5.7 Method VII, Grounding Transformer 
Girounded (Medium Resistance). Grounding 
Method VI1 uses either a zig-zag transformer or 
a Y-A 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. 

5.8 Method VIII, Ungrounded. Finally, if no 
grounding of any sort is employed on the leads 
or neutral of the generator, this is termed un- 
grounded and is noted in row VIII. 

In grounding Methods I-V, the neutral-cur- 
rent 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, depend- 
ing on the preference of the user. The insula- 
tion level of the current transformer should be 
compatible with the possible voltage to which 
it may be exposed. 

6. Protective Schemes 

The protective schemes listed by number in 
Table 1 are illustrated and described in the fol- 
lowing pages. The electrical characteristics of 
the relays represented by the device function 
numbers in the figures illustrating each scheme 
are defined in Section 7. 

The methods employed for grounding and 
fusing the secondary circuits of voltage trans- 
formers and the methods for grounding current- 
transformer 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. However, all current 

and voltage transformer secondary circuits 
should be grounded in a way that is consistent 
with accepted practices for personnel safety. 

Protective schemes that are used to protect 
generators employing high resistance and reso- 
nant grounding methods (grounding methods 
I, 11, V, and VI) are generally sensitive enough 
to detect phase-toground faults in the second- 
ary, and in the primary circuits of voltage 
transformers connected to the generator leads. 
If the wye- connected secondary circuit of these 
voltage transformers 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 ex- 
tremely remote. If this is the case, the relays 
employed in these protective schemes need not 
be coordinated with the voltage-transformer 
secondary fuses. However, coordination with 
the primary fuses is still required. 

A complete discussion of voltage-transformer 
fusing is given in [5],  Appendixes B3, and B4. 

Usually, a generator is cleared 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 possibilitjj of a second fault. 

The majority of existing generators having 
resonantigrounding methods are not tripped 
immediately, but an alarm is actuated and an 
orderly shutdown is started. Field experience of 
over 385 years with generators (prior to 1979) 
has shown no case of a second fault develop- 
ing even though there have been at least seven 
ground faults, all of which were allowed to 
exist during a delayed tripping. See [3] and 

When immediate tripping is used, it includes 
the main and field circuit breakers, and the 
turbine stop valve or gates. Because a sudden, 
complete shedding of load can be a severe 
shock to the mechanical systems of the unit, 
including the steam system, it is sometimes 
necessary to employ an orderly shutdown 
rather than an immediate trip. In such cases, 
upon detection of a stator ground fault, the 
generator is either automatically or manually 
unloaded at  a safe rate before tripping the 
circuit breakers. All the protective schemes 
that follow - except schemes 2, 3, 4, and 6 - 
indicate complete and immediate shutdown of 
the unit. Schemes 2, 3, and 4 illustrate three 
possible variations in the shutdown procedures 

r41. 
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