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1. 
My present invention relates to an improved 

ground-fault protective-relay apparatus for the 
directional detection of ground-faults in a poly. 
phase line. 

Heretofore, there have been two principal types 
of directionally responsive ground-fault relays. 
One of these previously known ground-fault 

protective-relay Systems has utilized an overcur. 
rent ground-fault detector, which is responsive to 
the Zero-phase-sequence component of the line 
current, and a ground-directional element which 
Compares the direction of the zero-sequence line 
Current With the Zero-sequence line-voltage com 
ponent. This directionally responsive ground 
fault relaying-System has the advantage of being 
extremely sensitive and simple, and has enjoyed 
a long period of Successful use in practice, sub 
ject Only to two disadvantages: (1) it has some 
times been too sensitive, in systems in which zero 
Sequence currents are induced, in the protected 
line, by faults on a, nearby line; and (2) it has 
been subject to inapplicability or failure, on sys 
tems which are subject to those relatively rare 
fault-conditions which are sometimes referred to 
as simultaneous ground-faults, in which two 
ground-faults are in existence at the same time, 
On two different phase-conductors of two dif 
ferent lines which are connected to a common 
buS, this defect being limited to transmission sys 
tems which are only lightly grounded, through a 
fairly large grounding-impedance, which very 
greatly limits the magnitude of ground-faults, 
except in the case of the aforesaid simultaneous 
groundS. 
The other one of the principal previously 

known ground-fault, protective-relay systems has 
utilized a Zero-sequence ground-fault detector, 
as in the first-mentioned system, but a direction 
all element Which is responsive to the negative 
Sequence line-current component and the nega 
tive-sequence line-voltage component, as de 
Scribed and claimed in the Evans Patent 
2,066,932, granted January 5, 1937. This second 
ground-fault relaying-Systern has operated satis 
factorily, from the standpoint of non-operation 
on induced current, but it has been subject to the 
previously entioned difficulty in respect to si 
multaneous ground-faults. 
There have also been other, more complicated, 

ground-fault relays, using different combinations 
of a plurality of phase-sequence components in 
both the fault-detecting element and the direc 
tional element of the ground-fault protective 
System. 
The principal objects of the present invention 

are to provide an improved, simple ground-fault 
relaying-system, which operates satisfactorily in 
systems which are subject to induced Zero-Se 
quence currents in a non-faulted protected line 
section, and also to provide simple means where 
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by my new ground-fault protective relaying-sys 
tem can be prevented from erroneous operation in 
the event of simultaneous ground-faults on very 
lightly grounded transmission-Systems, that is, 
Systems having a relatively large grounding-im 
pedance at its grounded points, which may be ei 
ther at the relay-station bus, or at Some other 
buS. 
With the foregoing and other objects in view, 

my invention consists in the systems, circuits, 
combinations, apparatus, parts, and methods of 
design and control, which are hereinafter de 
Scribed and claimed, and illustrated in the accom 
panying drawing, the single figure of which is a 
simplified diagrammatic view of one terminal of 
ground-fault protective-relaying apparatus in ac 
cordance with my present invention. 

In the accompanying drawing, I show one ter 
minal of a protected three-phase transmission 
line or line-section , and the corresponding ter 
minal of a Second three-phase line-section 2, 
which is connected to the same three-phase bus 
3 as the protected line-section . The two line 
sections and 2 may be either parallel lines, run 
ning along the Same right-af-Way, Or they may 
be lines running in different directions, geograph 
ically spaced from each other, except for their 
termination in the common bus 3. By way of 
illustration, I have indicated a System in which 
the three-phase bus 3 is connected to a three 
phase supply-circuit 4 through a bank of power 
transformers 5, having delta-connected primary 
Windings , and star-connected secondary-Wind 
ings ., having a neutral point 8 which is con 
nected to ground through a grounding-imped 
ance Z.g. ihis grounding-impedance Zg may be 
either a large impedance, for a lightly grounded 
system, or a Sinal impedance, or even a Substan 
tially zero impedance, in the case of heavily or 
Solidly grounded Systeins. 
My ground-relay terminal-equipment is illus 

trated as being utilized in the control of the trip 
ping of a three-pole circuit-breaker , which is 
utilized to connect the protected line-Section 
to the bus 3 at the irelaying station or terminal. 
The breaker i is provided with an auxiliary 
make-contact d, which is open when the break 
er is open, and a trip-coi TC. 
The essential features of my relaying appara 

tus, in its simplest form, consist of a sensitive 
Zero-sequence directional element DO, and a Sen 
sitive negative-sequence ground-fault-detector or 
overcurrent-element OC2. 

the directional element iO is similar to 
ground-fault zero-sequence directional elements 
which have been previously known in the art. 
it has a current-coil 2 which is enei'gized in 
the residual-circuit 3 of a bank of Star-connected 
line-current transformers 4, So as to be ener 
gized in response to the zero-Sequence line-cur. 
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rent Io of the protected line-section . The di 
rectional element DO also has a voltage-coil 5. 
which is energized from the zero-sequence line 
voltage component Eo, by any suitable means, 
Such as the open-delta, Secondary-Windings of 
a bank of Star-connected potential-transformers. 
f8 which are energized from the bus S. The 
ground-directional element DO also has a make 
contact f6, which is connected in a tripping 
circuit 9, in series with a make-contact 20 of 
the negative-sequence overcurrent-element OC2, 
So as to energize the trip-coil TC from a direct 
current source (--) or (-), through the auxiliary 
make-contact d of the breaker . 
The negative-sequence overcurrent-relay OC2 

is energized from a negative-sequence network 
2?, which segregates, or selectively responds to, 
the negative-sequence component I2 of the line 
currents which are Supplied to the network from 
the line-current transformers 4. 
In cases. Where my new ground-fault relay 

ing-equipment is to be applied to lightly grounded 
transmission-Systerias, having a high-value 
grounding-impedance Zig, at the station-bus 3 
at the relaying-terminal, or at Some other bus; 
and in general in all cases where a general-pur 
pose ground-fault relaying-equipment is to be 
provided, which is capable of being utilized in all 
grounded systems, whether the grounding-im 
pedance Zg is large or Sinall or zero, i also provide 
an insensitive lockout-relay LO2, which is ener 
gized from either the Zero-sequence line-current 
Io or the negative-sequence line-current I2, So 
aS to be responsive to the heavy line-Section cur 
rents which flow at 4 in the event of simul 
taneous grounds. A preferred connection is 
shown wherein the lockout-relay LO2 is energized 
from the negative-sequence current-component 
12, by having its operating-Winding connected in 
series with the operating-Winding of the Over 
current-element OC2. 
The lockout-element LO2 is less Sensitive than 

the overcurrent-element OC2, as diagrammati 
cally indicated by a smaller number of turns in 
the lockout-coil IO2 than in the overcurrent-coil 
OC2. The lockout-relay LO2 has 8, back-contact, 
or normally closed contact, 23, which is connected 
in series in the tripping-circuit 9. When the 
lockout-relay LO2 is utilized, it should be capable 
of opening its back-contact 23 in a Sinaller time 
than the time required for the overcurrent-ele 
Inent OC2 to close its make-contact 2, whatever 
that time may be, whether fast or slow. If neces 
sary, in the event that the overcurrent-element 
OC2 is an element of the instantaneous or fast 
acting type, it may be provided with a light dash 
pot 24 or other means for retarding its contact 
closing response, so as to allow time for the pre 
vious opening of the overcurrent-relay back-con 
tacts 23, if the overcurrent relay is responding at 
all to the fault-conditions which may be existing 
at the time. 

In operation, the Setting of the negative-Se 
quence lockout-relay LO2, (if this relay is used at 
all), is so high that it Will not respond to Single 
ground-faults, but it will respond when there are 
simultaneous ground-faults on different phases 
of two different lines which are connected to 
the station-bus at the relaying point, as indicated, 
for example, by the faults F and F2 in the draw 
ing. It will, of course, respond for phase-to 
phase or two phase-to-ground faults on the 
protected line, or such faults fed through the 
line, but this does not matter, aS phase-relays 
(not shown) are provided to operate for these 
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4. 
faults. In general, the lockout-element LO2 will 
not be used unless the system is, or may be, 
grounded through a relatively large grounding 
impedance Zg. 
The effect of the large grounding-impedance 

Zg is to greatly reduce the value of the fault-cur 
rent, in the event of a ground-fault, but in re 
ducing this ground-fault current, it consumes 
most of the fault-voltage, leaving very little nega 
tive-Sequence line-Voltage, in the event of a single 
ground-fault. This was one of the drawbacks of 
the Evans relay-system, which used a negative 
Sequence directional element (which is energized 
from voltage as well as current), for the direc 
tional response of the ground-fault relaying 
apparatus. 
In the event, however, of simultaneous ground 

faults, involving different phases of two different 
lines, Such as the lines and 2, which are con 
nected to the station-bus, the presence of a large 
grounding-resistance Zg has heretofore caused an 
erroneous operation of the directional response of 
the negative-sequence directional element of the 
Evans System. In Such a simultaneous-fault Con 
dition, the ground-fault current, which goes to 
ground from one of the phase-conductors of one 
of the lines, does not have to return through the 
large, current-limiting, grounding-resistor Zg, 
but returns from the ground directly to another 
simultaneously grounded phase-conductor of an 
other line, thus returning to the station-bus 
Without passing through the grounding-resist 
ance Zg. Under these conditions, the output of 
the line-current transformers 4, in the protected 
line-section, no longer gives a true picture of 
the positive, negative and Zero phase-Sequence 
components of the line-current, because the re 
turn-current, in another phase, does not come 
back through the same set of current-transform 
erS. Because of the distorted conditions just de 
Scribed, ground-relays have previously indicated 
an incorrect direction, under Some simultaneous 
fault conditions, thus resulting in an erroneous 
tripping-operation. 

Since the indicated negative-Sequence current 
component is relatively large, under simultane 
ous-fault conditions, as compared to the indi 
cated negative - Sequence current - component 
which is obtained, from the line-current trans 
formers 4 and the negative-sequence network 
2?, when there is a single line-to-ground fault 
On the protected line-Section, it is easy to Set the 
lockout-element L02 so that it Will respond to 
the simultaneous ground-fault condition, and not 
to the Single phase-to-ground fault-condition. If 
the grounding-impedance Zg is large, the nega 
tive-sequence current-component is limited to a 
particularly Small value, in the event of Single 
ground faults, and under such conditions, it is 
particularly easy to make the current-Settings 
or sensitivities of the over-current-element OC2 
and the lockout-element LO2 discriminate be 
tween Single-ground faults and Simultaneous 
ground-fault conditions, relying upon the phase 
fault relays (not shown), which are practically 
always provided, to protect the line-section 
against double-ground faults. 

In operation, the Zero-sequence directional 
element DO will get enough voltage and current 
to operate, on single phase-to-ground faults, 
When it should, whether the system is grounded. 
through a high impedance Zg or not. This has 
been amply proved by many years of successful 
operation of this kind of Zero-sequence direc 
tional-element, 
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In the Operation of my apparatus, the use of 
the negative-sequence current-component I2, to 
energize the overcurrent - element or fault 
detector element OC2, avoids the possibility of 
false Operation which was possible in previous 
ground-fault relays utilizing zero-sequence over 
Current-elements, in cases when Zero-sequence 
Current is induced in a sound line-section by 
ground-faults on a nearby line, such as the line 2. 
In the Operation of my invention, the negative 

Sequence lockout-element LO2, if used, avoids the 
completion of a tripping-operation in response to 
simultaneous ground-faults when a large ground 
ing-impedance Zig is used. Such a lockout-relay, 
responsive to Simultaneous grounds, is also use 
ful, in general, in other types of ground-fault 
relaying-Systems, as in the Evans system using 
a Zero-Sequence ground-fault detector and a 
negative-Sequence directionally responsive ele 
ment. 
While I have illustrated my invention in its 

barest essentials, and in a single illustrative form 
of embodiment, I wish it to be understood that 
Various changes may be made, by way of additions 
and substitutions of equivalents, without depart 
ing from the essential features of the invention. 
I desire, therefore, that the appended claims shall 
be accorded the broadest construction consistent 
With their language. 

I claim as my invention: 
1. A ground-fault protective-relay apparatus 

for the directional detection of ground-faults in 
a poly-phase line, comprising a sequence-respon 
sive means for developing a relaying-current hav 
ing a Substantial, selective response to the nega 
tive-sequence component of the line-current in 
the protected line, a fault-detecting relaying 
means for detecting faults on the line, said fault 
detecting relaying-means having a relay-operat 
ing element, means for energizing said relay 
Operating element solely from said sequence 
responsive means, a ground-directional relaying 
means for responding to ground-fault currents 
flowing in a particular direction, means for ener 
gizing Said ground-directional relaying-means 
Solely with the zero-phase-sequence line-current 
and line-voltage, and means for performing a 
relay-circuit operation in response to responded 
conditions of both the fault-detecting relaying 
means and the ground-directional relaying 
eaS. 
2. A ground-fault protective-relay apparatus 

for the directional detection of ground-faults in 
One of a plurality of polyphase lines which are 
connected to a common polyphase bus at a relay 
ing-station of a transmission System which is 
grounded through Substantial grounding-im 
pedance, said apparatuS comprising a sequence 
responsive means for developing a relaying-cur 
rent having a substantial, selective response to 
the negative-sequence component of the line-cur 
rent in the protected line, a sensitive fault-detect 
ing relaying-means for detecting faults on the 
line, a less sensitive lockout relaying-means for 
responding to the heavy negative-Sequence cur 
rent which flows when there are simultaneous 
ground-faults on different phases of two of the 
lines which are connected to the common bus, 
means for energizing said fault-detecting relay 
ing means and said lockout relaying-means from 
said sequence-responsive means, Said lockout 
relaying-means being Sufficiently insensitive to 
fail to respond in the event of a single ground 
fault, the response of the fault-detecting relaying 
means being slower than the response of the lock 
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6 
out relaying-means under conditions when both 
of Said means respond, a ground-directional 
relaying-means for responding to ground-fault 
currents flowing in a particular direction, means 
for energizing Said ground-directional relaying 
means With the Zero-phase-Sequence line-current 
and line-Voltage, and means for performing a 
relay-circuit operation in response to a responded 
condition of said fault-detecting Irelaying-means, 
a responded Condition of Said ground-directional 
relaying-means, and a non-responded condition 
of Said lockout relaying-means. 

3. A ground-fault protective-relay apparatus 
for the directional detection of ground-faults in 
One of a plurality of polyphase lines Which are 
connected to a common polyphase bus at a relay 
ing-station of a transmission System which is 
grounded through substantial grounding-imped 
ance, said apparatus comprising negative-Se 
quence-responsive relay-energizing means for 
Selectively responding to a negative-sequence 
cuantity of the protected line, Zero-Sequence 
responsive relay-energizing means for selectively 
responding to a Zero-Sequence quantity of the 
protected line, a sensitive ground-fault-detecting 
relaying-means, a Sensitive ground-fault direc 
tionally responding relaying-means, means for 
energizing one of Said Sensitive ground-fault 
relaying-means from the negative-Sequence 
responsive relay-energizing means, means for 
energizing the other of said Sensitive ground 
fault relaying-means from the Zero-Sequence 
responsive relay-energizing means, sensitive lock 
Out relaying-means for responding to the heavy 
fault-current which flows when there are simul 
taneous ground-faults on different phases of tWO 
of the lines which are connected to the common 
buS, said lockout relaying-means being sufficiently 
insensitive to fail to respond in the event of a 
single ground-fault, the response of the fault 
detecting relaying-means being slower than the 
response of the lockout relaying-means under 
conditions when both of Said means respond, 
means for energizing said lockout relaying-means 
from one of said Sequence-responsive relay-ener 
gizing means, and means for performing a relay 
circuit, operation in response to a responded con 
dition of said fault-detecting relaying-means, a 
responded condition of said directionally respon 
sive relaying-means, and a non-responded con 
dition of Said lockout relaying-means. 

4. The invention as defined in clain 3, chair 
acterized by said negative-sequence relay-ener 
gizing means having a Selective response to the 
negative-sequence component of the line-current, 
said Zero-Sequence relay-energizing means hav 
ing Selective responses to the negative-Sequence 
components of both the line-current and the line 
Voltage, and said fault-detecting relaying-means 
being energized from Said negative-Sequence 
relay-energizing means. 

WILLIAM. K. SONNEMANN. 
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