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Introduction
(This introduction is not a part of IEEE Std C37.101-1993, IEEE Guide for Generatond=Protection.)

IEEE Std C37.101, IEEE Guide for Generator Ground Protection, was initially published in 1985. It was subsequently
reaffirmed in 1990.

In this revision of IEEE C37.101-1985, there is no longer a distinction between schemes commanlyhgsiidrth
American continent and those considered nonstandard, special, unique, aensively used in that region. Any
scheme that is judged to be a good alternative practice for generator ground protection is contained in tlty main b
of the guide. Some such schemes, 100% coverage and high-impedancetidifféihanwere previously described in

the annexes of the prior version, have since been incorporated into the main bosygoidi These schemes have
also gained acceptance and increased usage since their publication in tizé guigie (an application example for the
high-impedance differential relay has been included in the annex).

Data for the ground-fault neutralizer overvoltage scheme used with resonant neutral groundetneacited
generators is updated and includes comparisons of sensitivity with thi®regounded scheme.

The discussion of grounding methods in clause 5 has been revised to align with the grounding categories described in
IEEE Std C62.92.2-1989, IEEE Guide for the Application of Neutral (Grounding in Electrical UtilitgrBysPart
Il—Grounding of Synchronous Generator Systems. This standard supersedes IEEE Std 143-1954, svhich wa
referenced in IEEE C37.101-1985.

A scheme for the generator neutral overcurrent protection is added for ¢hef easidental solid neutral grounding.

The references and bibliography have been updated. Table 1 has been similarly revised to redigitiothefanew
schemes. Text and figures have been generally revised for improved repdabilfechnical enhancement.
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|IEEE Guide for Generator Ground
Protection

1. Overview

1.1 Scope

This guide has been prepared to aid in the application of relays and relaying schemes filwrpagiamst stator
ground faults on high-impedance grounded generators. The guide is not intended for tlon selesnerator or
ground connection schemes.

Differential relaying will not detect stator ground faults on high-impedance groundedtgesnerae high impedance
normally limits the fault current to levels considerably below the best practical gignsitithe differential relaying.
Separate ground fault protection is then provided.

1.2 Description of the guide

Recommended protective schemes and the arrangements to which they may be applied atkimidibl 1. The use
of this table is described in clause 3 with supporting information provided in subseluesets.

Annex A provides examples of how to calculate ground overcurrent and overvoltage tehms $er the various
protective schemes and how to coordinate them with voltage transformer agciuses.

Annex B provides an example of a procedure used to determine the percent coveragh-ohpddance differential
relay.

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

The methods employed for grounding and fusing the secondary circuits of voltadertnzns and the methods for
grounding current-transformer secondary circuits are not generally the same for all installations. rEasdiniso
secondary fuses or ground points are indicated in the illustrated figures in tabledriand schemes. However, all
current and voltage transformer secondary circuits shall be grounded in a wagdinatssent with accepted practices
for personnel safety.
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2. References

This standard shall be used in conjunction with the following publication. When the following rearata
superseded by an approved revision, the revision shall apply.

IEEE Std C37.2-1991, IEEE Standard Electrical Power System Device Function NMEI);l
IEEE Std C37.102-1987 (Reaff 1991), 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. Summary of protection schemes

A summary of recommended protective schemes is given in table 1 whicmadria of generator connections,
generator grounding methods, and the scheme numbers that identify the protectivesscheméollowing
explanation 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 covering mebst|lifof the
significant variations of generator-transformer-bus circuit breaker arrangethantsight be encountered in a
present-day electric utility or industrial power system. These diagrams are disqusdadse 4 of this guide.
Vertically, along the left side of the table, heading the eight rows (I-VIIl), are omallagrams of approved
grounding methods for electric generators covered in IEEE Std C62.92.2F-1886xplained in clause 5. These
diagrams will be explained and discussed subsequently. The individual boxes ih liabley scheme number (1, 2,
3, etc.), the different applicable ground-fault protective schemes that apply fomaggmerator connection and a
given grounding method. For example, the box under column E and row Ill indicates thatyereswmes 10, 11,
14, 15, 16, 19, and 20 may be applied for single-phase-to-ground fault protection of a wye-cayeremtair. The
neutral is grounded througH@w 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 numberg csesHmat are either not practical
or not recommended. For example, under column D, a delta-connected generator has no nealttal agdioxes
under column D (associated with rows I, II, 11, 1V, and V) are crossed out. Also, the bex coldmn E (and
associated with row V) is crossed out because the use of a resonant grounding method, in the aewyal of
connected generator directly connected to a grounded system, is a misapplication.

The protective scheme numbers in the boxes refer to protective schemes thatpdetetoittustrated and described
in clause 6 of this guide. In some boxes, there are some numbers that are followediffixt8esich as 5S in box
D-VI. The suffix S indicates that the protective scheme represented by that schebes dasignation is suitable for
use only when the machine is running and disconnected from the system, but with field exgfaitezh @his type

of protection utilizes protective devices that are not tuned to normal system freqeeticgt they offer sensitive
protection over a wide range of frequencies. Thus, schemes designated wiffixigane suitable for the protection
of machines during start-up and shutdown. Protective scheme numbers without the suffixeéhtrephesnes that are
indexed to provide protection only during operation at rated frequency. For example, in the casgeokthtor
connection illustrated in the diagram of column A with the grounding connection of row I, scheme 8S is ittended
detect any single-phase-to-ground fault in the generator or its leads during start-up or shutdown prabdddied
excitation is applied, but with the main circuit breaker open. In the box D-\dlpthtective scheme represented by

LIEEE publications are available from the Institute of Electrical and Eldcsr&mgineers, 445 Hoes Lane, P.O. Box 1331, Risegy, NJ 08855-
1331, USA.
2Information on references can be found in clause 2
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scheme 17 is intended for protection during the time that the main breaker is closed amatiine is running
normally. In general, start-up and shutdown protection for single-phase-to-ground famttased 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 theugtaycle or is removed late in the shutdown cycle.

This start-up and shutdown protection is generally not intended to coordinate properly with system pretedtics.

reason, it should be removed from service at the time the unit is synchronized to the Blyistésrusually performed
automatically when the main breaker is closed.

The protective scheme numbers in table 1 are arranged in the boxes with the running psateethes listed first,
and the start-up protective schemes, where they apply, listed last. Withinceathe schemes within the brackets are
the most widely used. The remainder of the schemes are listed in calnsequence.

It should be recognized that the bracketed recommendations are based on the anticipatezhperédriine schemes
and not on other factors that might relate to the integrity of the generator itself. For exahilplschemes 1 and 7 in

box A-I could provide essentially the same order of protection for generator single-phase-to-ground faals, the f
that scheme 7 requires voltage transformers on the generator leads maytredweszall reliability of the generator.
Thus, scheme 1 might be more desirable than scheme 7, but they are bothdilitege¢able 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 thpiothssafiall schemes
applicable to a given situation be considered, and, unless overriding dinogess dictate otherwise, that one of the
bracketed schemes be used for the primary protection, and another high-rated schemébéardadh or alternate
protection.

The generator connections illustrated in column F are veryasitoithose 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 applrabéctive schemes

between columns A and F will indicate that they are nearly all the same. Becawskof #iide circuit breakers in the

diagrams of column F, field excitation might normally be applied to the unit wketurhing at, or very near to, rated

speed. Under these conditions, the need for start-up or shutdown protection is minimized.

Clause 5 describes grounding methods | through 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 indicatedtentigfounding methods and the
means for interfacing with the protective relay schemes. The diagram# inhave both a neutral point N and a
ground point in the primary circuit, as do those in rows Il through V. The point N in the grounding method diagram
connects to the point N in the generator-connection diagram with which it is appliecaRgle, if any grounding
method, | through V, is used with any generator connection illustrated in columns A, B, Ey@génerator neutral

N in question is grounded through the neutral connection shown in the grounding method diagram. énadhtheas
delta-connected machines of columns C and D, no neutral point exists, so grounding method VI or VII skerdd be
This includes a wye-broken delta-connected distribution-transformer bank with a seconiéoy. fEise wye (Y)
windings are connected to the associated-generator main leads., FnalllIl indicates an ungrounded machine

that is grounded only through the system to which it may be connected.

In table 1, the diagram for grounding methods also indicates the interface between the primary pifcthits a
protective schemes. An example of this is that grounding method | shows a tstrtbansformer with a secondary
resistor. In series with the secondary of the distribution transformer isenttnansformer primary winding. The
secondary winding of this current transformer terminates at terminals labeled R and BerA-aperated relay,
connected to these two terminals, will measure the current in the resistor agriognd fault in the generator stator
or its associated circuits.

In this same diagram, terminals designated X and Y are connected acrossthe ifethe operating coil of a voltage
relay is connected to these terminals, it will measure the voltage developes e resistor (which is proportional
to the current through the resistor) during ground faults in the generator-stator windggssoitiated circuits.
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Again, in grounding method I, the current transformer in the neutral lead of the generator growedion (in series

with the primary winding of the distribution transformer) has its secondary winding terminagiogest W and Z. A
current-operated relay, connected to these terminals, will measure téetdnrthe generator neutral during ground
faults in the generator-stator winding or its associated circuits. The terminal pdhtX Ry, W, and Z are the interface
connections to the protective schemes. The same is true in grounding methods Il through VihcRébetbese
connections will show that not all the grounding methods provide the same opportunities for protection. Fa;, exampl
in method IV, only a neutral-current transformer is indicated with secondary connectiensitals W and Z.

The diagrams for each of the protective schemes in clause 6 indicate to which terminalRydit¥V, etc.) they
connect. For example, protective scheme 1 will be found to have input connections labeled Xraséhticates that
protective scheme 1 is always connected to terminals X and Y, regardless of the grouridotywitd which it is
used. Similar comments apply to the other protective schemes antetti@cing terminal designations.

4. Generator connections

The six different classes of generator connections illustrated in table 1 adehte be representative of connections
commonly used today. While the connections of the two diagrams in column A arerdiffae arrangements are such
that the same protective schemes may be applied to both. The criteria here &rgks-phase-to-ground fault in a
generator will neither produce any significant zero-sequence current or voltagesyistém, nor will a similar fault

in the system produce any significant zero-sequence quantities in the genecator ci

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

The generator connections of column B indicate that the unit step-up transformerusotiranaformer, with either a

wound-delta tertiary or a “phantom” tertiary. In either case, the autotransformedgwav direct zero-sequence
connection between the generator and the system so that the system grounding will provsgéguzence current for
ground faults in the generator. Also, the generator will provide zero-sequence curranttéoori the system.

It is important to recognize in connection B that the wound or “phantom” tertiary of thetnaasfiormer will be a
source of ground-fault current for generator faults. With this arrangement, even with tret@emeutral ungrounded
and the main circuit breaker open, substantial fault current could flow for a ground fault inttmea$tan the

generator is runing with field excitation applied.

Connection C is similar to A, except that the generator(s) is connected in/jekigher than in wye (Y). Here, as in
connection A, the delta-connected winding of the power transformer provides zero-sequence stlaten the
generator and the system. Such delta-connected generator units have no neutral avditljeosmding is obtained
by the use of a scheme as illustrated in table 1, method VI. In general, one type of commaimgrequipment is
employed regardless of the number of generator units that are connected tot@gsfenmer winding.
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Table 1—Generator connections, generator grounding methods, and protective
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The circuit arrangements of connection D and E indicate generators connected ditbetlgystem bus without any
interposing step-up transformers. In general, these will be relatively smathg@seand they will be connected to a
solid or low impedance grounded system. As indicated in table 1, the delta machine of connectianeB ttegju
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 sanusadnti\ except that the former utilize
individual generator circuit breakers on the low side of the power transformer banks. Here agaitg-thiged@}Y)
connections of the transformers provide zero-sequence isolation between the generat@systérn. In general,
each generator will have individual grounding and protection. While the low-side circuit breakersspetrhing of
individual generators, the protective schemes available cannot distinguish beawizinfthe different generators
connected to a common delta winding. However, if different time-delay settingsliaedudn the individual ground
relays, the units will be sequentially tripped until the fault is cleared. This wélblésh the fault location. For this
reason, a fault in any one machine may result in the loss of all generators cotmactedhmon delta winding.

5. Grounding methods

This guide describes protection for five of the six grounding categories described in IEEE233@.2- 1989. The
following are the six categories:

a) Effectively grounded

b) Low-inductance grounded
c) Low-resistance grounded
d) Resonant grounded

e) High-resistance grounded
f)  Ungrounded

Effectively grounded is a form of low-inductance grounded and is not considered in this guide. The starsildedsc
distribution transformer and high-resistance grounding as a single category. This gisdihdm as separate
grounding methods since each requires a different type of protective scheme. Theoprdtectivo additional
methods of grounding, high- and medium-resistance grounding-transformer grounded, are ekplhiseguide.
Thus, the eight grounding methods considered in this guide are the following:

a) High-resistance grounded (distribution-transformer grounded)
b) High-resistance grounded (neutral-resistor grounded)

c) Lowe-resistance grounded (neutral-resistor grounded)

d) Low-inductance grounded (neutral-reactor grounded)

e) Resonant grounded (GFN grounded)

f)  High-resistance grounded (grounding-transformer grounded)

g) Medium-resistance grounded (grounding-transformer grounded)
h) Ungrounded

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 gregtdrehiae-
to-neutral voltage rating of the generator, with a secondary rating of 120 V or 240 MsTritmution transformer
should have sufficient overvoltage capability so that it does not saturate sephground faults with the machine
operated at 105% rated voltage. Secondary resistors are usiethgdeso that for a single-phase-to-ground fault at
the terminals of the generator, the power dissipated in the resistor is egoalgteater than, the zero-sequence
reactive volt-amperes in the zero-sequence capacitive reactance of the geviedihgs, its leads, and the windings
of the transformers that are connected to the generator terminals. This agahigeronsidered to be high-resistance
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grounding, and it limits the maximum single-phase-to-ground fault current to a value in the rapgeogfmately 3
to 25 primary amperes. This is not of sufficient magnitude to operate stayetwsahtor differential relays. In general,
the W-Z current transformer will have a ratio of unity and the R-S current-transforneeisrasiually selected so that
its secondary current will be approximately equal to the primary current in the genetdtat. ne

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

a) Mechanical stresses and fault damage are limited during phase-to-grotsbyfaektricting fault current.
b) Transient overvoltages are limited to safe levels.
¢) The grounding device is more economical than direct insertion of a neutsabresi

A disadvantage of this grounding scheme is that surge protective equipmetitensedtcted on the basis of higher
temporary overvoltages during ground faults.

5.2 Method II: High-resistance grounded (neutral-resistor grounded)

Grounding method Il is functionally equivalent to that of method I. In method Il, the resistor is sizsly tirémit

the single-phase-to-ground fault current to the same magnitude as in method | without the use of @odistribu
transformer. However, the voltage-transformer voltage ratingssatected on the same basis as those for the
distribution transformer in method I. The W-Z current-transformer ratio is generkdbtesgto be unity.

5.3 Method IlI: Low-resistance grounded (neutral-resistor grounded)

Method Il illustrates a low-resistance grounding arrangement. This type of grounding methad ferthcurrent
many times higher than those produced by methods | and Il. In the case of low-resistanaling methods, the
single-phase-to-ground fault current is high enough to operate the standard generator difideystifr faults in the
stator, except for those near the neutral end of the machine. The main advantageesistamee grounding is the
ability of the neutral resistance to limit ground-fault current to a moderate valile Nvhiting the transient
overvoltages to 2.5 times the phase-to-ground voltage or less. However, arresters withurmaxinminuous
overvoltage (MCQOV) capability that will tolerate full line-to-line voltage until the generatapised are required.

The current through a neutral resistor can be limited to any value; but usually & fesrmgeabout several hundred
amperes to about 1.5 times the normal rated generator current. The lower limit may be basegmsitihity of the
generator ground differential relays. The upper limit of 1.5 times normal rated cigrmetdted to the loss in the
resistor during single phase-to-ground faults. A value of 1.5 times normal current through a neutraiesssto
power loss of 50% of the kVA rating of the generator. The main disadvantages of low-resistamcing is the cost
of the grounding resistor and the possibility of iron lamination burning from the higher gaouhdufrrent.

5.4 Method IV: Low-inductance grounded (neutral-reactor grounded)

Method IV illustrates a low inductive-reactance grounding arrangement. Thisftgpeunding method permits fault
current many times higher than those produced by methods | and Il. In the case of low indactaece grounding
methods, the single-phase-to-ground fault current is high enough to operate some generator differgntial rela
faults in the stator, except for those near the neutral end of the machine.

5.5 Method V: Resonant grounded (ground-fault neutralizer grounded [GFN])

Method V illustrates the ground-fault neutralizer (GFN) arrangement. In this grounding method, a disttipeti
transformer with a ratio selected, as in method I, is used with a seconddoy. rfEae ohmic value of this secondary
reactor is selected so that, when reflected into the primary circuit, itaneads equal to 1/3 of the zero-sequence
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capacitive reactance of the circuit from (and including) the generat(antbincluding) the delta windings of the
associated power transformers. This type of grounding limits the single-fvgsound fault current to values that
will not sustain an arc. It is applicable only where the zero-sequenaeitbapreactance of the circuit does not change
significantly for different system conditions. Thus, it may not be readily applied ®amé&nged as in column F of
table 1, such as when low-side breakers are applied.

5.6 Method VI: High-resistance grounded (grounding-transformer grounded)

Grounding method VI uses three distribution transformers whose primary windings are conméletedenerator
leads in a wye configuration, while the secondaries are connected in broken deltaratiafigvith a resistor. These
transformers must have their primary voltage rating equal to theditiee voltage of the generator. Secondary
voltage is commonly 120 V or 240 V. As in the case of method I, the resistor is selected so thaigferpghase-to-
ground fault at the terminals of the generator, the power dissipated in the iessiaal to, or greater than, the three-
phase zero-sequence reactive volt-amperes in the zero-sequence capatitae generator windings, its leads, and
the windings of the transformers connected to the generator terminals. The totély cafpihe three transformers
must be 1.732 times the watt dissipation of the resistor, and the voltagedajmpthe resistor is 1.732 times the
transformer rated secondary voltage. This grounding method is used on ungrounded systems those having
delta-connected generators and power transformers.

5.7 Method VII: Medium-resistance grounded (grounding-transformer grounded)

Grounding method VIl uses either a zig-zag transformer or a wye-delta transformeriniéuwg windings of these are
connected to the generator leads with a resistor connected from the transfeutmal to ground. The effective
grounding impedance is selected to provide sufficient current for selective growidgela

5.8 Method VIII: Ungrounded

Finally, if no grounding of any sort is employed on the leads or neutral of the generator, this isitemoatted and
is noted in row VIII.

The advantages of this class are essentially the same as for high-regstaimckng except that the maximum fault
current is somewhat less. A disadvantage is that excessive transient oges/oitey result from switching operations
or intermittent faults.

In grounding methods | through V, the neutral-current transformer is shown to be connected betweedithiifigul
device and ground. This current transformer could be located on either side of the fault-limiting devidindegpe
the preference of the user. The insulation level of the current dramsf 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 disttite following pages. The electrical
characteristics of the relays represented by the device function numbers in the figategtiily each scheme are
defined in clause 7.

Protective schemes that are used to protect generators employing high resistams®@artt grounding methods
(grounding methods I, II, V, and VI) are generally sensitive enough to detect phase-to-ground faeltsegondary
circuits of voltage transformers connected to the generator leads. If theomyeeted secondary circuit of these
voltage transformers is grounded at one of the phase Ieadsg[,B’Aﬂ}er than at the neutral point, and if the neutral

3The numbers in brackets correspond to those of the bibliography sources in annex C.
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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 witftdge mransformer secondary fuses. However,
coordination with the primary fuses is still required.

For ground fault neutralizer (GFN) grounding, the primary neutral connections of the two sets of wye-wyesdonnect
generator voltage transformers (vt's) are tied together and to the generatdrusiugran insulated conductor. The
secondary neutrals are grounded at the voltage transformer cubicle. Grouniti@giary neutral connections at

the cubicle is not used since the resulting phase-to-ground inductive reactance comprisiagnégzing branch of

the voltage transformers would detune the resonant circuit consisting of the generatorcgyscitance to ground
and the neutral reactor.

A complete discussion of voltage-transformer fusing is given in [B36] and A.3 of annex A.

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

The majority of existing generators having resonant-grounding methods are not tripped immediatelg/dou &
actuated and an orderly shutdown is started. Field experience of over 574ansitvit generators (since 1951) has
shown no cases of a second fault developing even though there have been at least sevesutispwlidof which
were allowed to exist during a delayed tripping (see [B32] ).

When immediate tripping is used, it includes the main and field circuit breakergheturbine stop valve or gates.
Because a sudden, complete shedding of load can be a severe shockeoltheical systems of the unit, including
the steam system, it is sometimes preferred to employ an ordetjosm rather than an immediate trip. In such
cases, upon detection of a stator ground fault, the generator is either automaticalyaliyrunloaded at a safe rate
before tripping the circuit breakers. All the protective schemes that follow, except schemds ana 6, indicate
complete and immediate shutdown of the unit. Schemes 2, 3, and 4 illustrate threle pasgsitions in the shutdown
procedures that may be employed to affect an orderly shutdown. While the use of these scheigesicantly
increase the possibility of extensive damage to the generator, they can béhasedecessary. However, they should
only be used in conjunction with high-resistance or resonant-grounding methods where groundrrianitis
significantly limited.

In some instances, such as in cross compound machines, field excitation is apthléss asachines are brought up
to speed. In these applications, or where field excitation is permitted to remain oit #eeitis shut down, additional
protection may be required during these periods. Schemes intended for use in suaticappdice designated with the
suffix S. Table 1 indicates where these schemes may be applied when necessary

6.1 Scheme 1. Ground overvoltage—Complete shutdown

Protective scheme 1 may be used for single-phase-to-ground fault detection on high-registamded generators
that are connected to the system through delta-wye connected tnaersfoifable 1 indicates that this includes
grounding methods | and Il for wye-connected generators and grounding method VI for delta-connectedggenerator

All three of these grounding methods limit the available fault current to extremely Velg fer single-phase-to-
ground faults in the generator stator windings, the generator leads, and the delta windings ebdixeds
transformers. The voltage measured across the grounding resistamminale X-Y provides an indication of the
existence of a fault in this zone.

Fault detection in these applications is achieved by connecting the ngeriatiuit of a very sensitive over-voltage
relay (device 59) across terminals X-Y. The magnitude of the voltagégekis device depends on the fault location
and the ratio of the distribution transformer in the case of grounding methods | and VI, or the ratio datie vol
transformer in the case of grounding method |I.
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For the case of grounding method I, a single-phase-to-ground fault at the generator terminals will produce-ull phas
to-neutral voltage across the primary of the distribution transformer. Earatte of grounding method I, this same

fault will produce the same voltage across the neutral resistor. For the casenafigg method VI, the phasor sum of

the phase-to-ground voltages applied to the primary windings of the three distributiforireers during a single-
phase-to-ground fault at the terminals of the generator will be equal to three times the &stiophastral voltage of

the generator. In every case, the voltage appearing at the terminals of rdwingpercuit of device 59 will be the
primary voltage divided by the voltage transformer ratio or the distribution oranef ratio. Since the voltage rise

from the generator neutral to its terminals is uniformly distributed, the voltage appearing across theguaewick

for a single-phase-to-ground fault on a stator winding will be roughly proportional to the distance from the neutral as
a percentage of the total winding.

X O—
COMPLETE
SHUTDOWN

59 — 86 —

Y O—

Figure 1—Scheme 1: Ground overvoltage—Complete shutdown

The voltage pick-up setting of device 59 shall be high enough so that it will not operate on fundamental frequency
voltages produced by normal system imbalances or third harmonic voltages generaéechaghine under full-load
conditions.

Harmonic generation in a generator is dependent on many factors, such as slot spaciiog, varetictance that
occurs at various pole positions, and pole pitch. Manufacturing difficulties and troziradisd costs generally prohibit
the design of machines whose waveform contains no third harmonic. The nature of timedhibavoltage that is
generated equally in each of the three phases is such that theseibaotiages are in phase. The machine neutral-
to-ground voltage will then contain a third harmonic voltage.

Relays that are intended to detect fundamental frequency voltage betweleinenaeutral and ground cannot be

allowed to respond to this third harmonic voltage. They must then besitemhto it or be set above it. Other relays

use this third harmonic voltage for neutral-to-ground fault detection €Tinest be set so that they remain picked up
on the minimum third harmonic voltage.

In general, relays are available that make it possible to safely set device 59 tsidgtegthase-to-ground faults as
close as 2% to 10% from the neutral end of the winding, depending on the ratio of the voltegaistribution
transformers that are used. To ensure that the relay will not operéie system imbalance, the relay voltage should
be measured at machine full load.

Phase-to-ground faults on the transmission system produce zero-sequence voltaggaduontthed-wye-connected
high-voltage winding of the main power transformer. This voltage is capacitively dotglde generator zero-
sequence network by the interwinding capacitance of the transformer. If the transfortidhyigeunded, the zero-
sequence voltage in the wye-connected winding will be quite low. Because the impedéecgenferator-grounding
device is small (in comparison to that of the interwinding capacitance), most ofottage will be across the
transformer interwinding capacitance and very little of it across the gengraunding device.

Phase-to-ground faults on the station service distribution system will also be capaciwpled to the generator
zero-sequence network. However, because the auxiliary transfagnsenall and the distribution voltage is low,
coupled zero-sequence voltage from this source is seldom a problem, even thougldtesss are typically low-
resistance grounded.

If the main power transformer is not solidly grounded, or the effect of inter-winding couplingtdae evaluated,
some short time delay should be used to prevent false generator trips for faulttamstiméssion system. In any case,
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time delay will be required to coordinate with the generator-voltage transformer fuses fetgphesend faults in the
voltage transformers (vt's) or their secondary leads. Annex A provides an examgéy/dfise coordination. Device
59 should be capable of withstanding the maximum applied voltage for the time requsned down the generator.

During a ground fault, device 59 operates and energizes a lockout relay, which is device 8&adthedtay initiates
a complete shutdown, which includes tripping the main and field breakers and closing tieestopivalves or gates.

For the case of either two separate generators or a cross-compound unit whereaaetied directly to a separate
delta winding of a common step-up transformer, separate relays are required. IBadhoald shut down both
machines. For the case of parallel connected cross-compound machines, oemuadth double stator windings,
only one stator winding is normally grounded and only one relay is required. When two or mares)aazth having
its own low-side circuit breaker, are connected to the same transformer prirtamnyidding, each machine is usually
grounded so that one relay is required for each machine. Each relay trips only itstedsottalt is advisable to
provide a protective scheme such as that illustrated in scheme 7 so as to protectfthengadslta winding. This
relay should trip the transformer high side and all the generator breakers. In such appleédighg; any machine,
or the delta winding of the transformer will be detected by all the relays so that comigetigedg is not generally
possible. Some users apply all the generator relays at the same pickup setlidigdiat to operate with different
time delays. The scheme 7 relay is set less sensitively and with thetltimgedelay. If a fault occurs in the protected
zone, the generators are tripped in sequence until the faulted unit is removed. Thangeuméts, if any, are permitted
to continue in service. If the fault is in the transformer delta winding, all the unithamcnsformers are ultimately
tripped. This type of application often helps to pinpoint the fault location. As an alternate methotkr@tarerelays
may be set alike. For some faults in the generator windings, the relay associated aitltedegEnerator will operate
to clear the unit before any of the others can trip. However, for faults near the terminals abtogeheés approach
can result in tripping all units.

A third approach is to supervise the tripping of the relay in the broken delta with the auxiliat obtti@ generator
breakers, such as in scheme 8S. For faults in either generator, only tret@sree tripped. For faults on the bus or
in the transformer, the broken-delta relay trips the transformer high-side brefédeeboth generator breakers trip.

In general, the overvoltage relay employed in protective scheme 1 will nati@®nsitive protection at frequencies
significantly below rated frequency. Thus, if field excitation will be applied during thiedsewhen the machine is
brought up to speed or shut down, a protective scheme similar to that described under5s&loer8& should be
considered in addition to scheme 1.

The major advantage of scheme 1 is that, due to its sensitive relay settings, grdand fhelstator may be detected
to within 2% of the neutral point. The major disadvantages of this scheme is that gpamdréo faults in the voltage

transformer primary and secondary circuits, and total coordination with the asddasg¢s may not be possible. An
example related to the application of scheme 1, including coordination between the voltagenearfsises and the

protective relay, is provided in annex A.

6.2 Scheme 2: Ground overvoltage—Permissive shutdown

Scheme 2, the variation of schemes 1 and 7, utilizes the same 59 and 86atelsettings, but tripping of the main
and field circuit breakers is supervised by position switches on the turbine stop valveslvahtage of this scheme
is that it prevents full load rejection with its accompanying overspeaetitzon Its disadvantages are that it permits a
longer fault duration and the additional complexity of its tripping circuits. This arrangementsutyreonsiderably
more than rated voltage applied to the 59 device for a prolonged period of time. Befcthissea contact on device
86 is employed to interrupt the circuit to the overvoltage relay.
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