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My invention relates to relays for the protec-
tion of transmission lines and other electrical de-
vices in the event of the occurrence of overcur-
rent or a fault.

In my Patent No. 2,183,646, issued December
19, 1939, and assigned to the Westinghouse Elec-
tric & Manufacturing Company, a system is
shown whereby a single discriminating function
may be obtained by the vector addition of quan-
tities derived from the positive- and zero-se-
guence current-components of the line-currents,
the negative-sequence current~component being
excluded, which quantities are suitably weighted
so that the distriminating function will be main-
tained within controllable and adjustable limits
for the different kinds of faults. The weighting
is so chosen that the limits of the discriminating
function are kept within a relatively narrow
range so that a single-element relay will register,
no matter which of the ten different t{ypes of
faults might occur.

In the instant invention I disclose another
relaying apparatus which, however, utilizes the
scalar addition of quantities, derived from the
sequence-components of the line-currents, for
obtaining the single discriminating function.
The quantities may also be suitably weighted, de-
pending primarily on how well the protected line
is grounded, so that the discriminating function
will also be within a narrow range for the differ-
ent types of expectable faults.

In one specific embodiment of the instant in-
vention the weighting is such as to build up the
discriminating function due to line-to-line faults,

to a value close to the discriminating function -

expectable from a three-phase fault.

In accordance with my invention I do this by
introducing an electrical quantity which is repre-
sentative of the negative-sequence component of
the line-currents. However, the introduction of
this component does not decrease the sensitivity
of the apparatus, that is, the value of the dis-
criminating function, to double line-to-ground
faults.

It is an object of my invention to provide a
protective means in which the quantities repre~
sentative of the different sequence-components
of the line-currents are numerically combined for
controlling a single-element relay by a responsive
registration, or discriminating function, whose
sensitivity to the different types of expectable
faults on the line can be controlled by selecting
the sequence-components to be combined, suit-
ably weighted if necessary, and converted to

scalar quantities before their combination. The 5

resulting discriminating function is unidirec-
tional so that the relative phase angle relation-
ships of the phase-sequence quantities, which are
vectorial, are of small consequence in the regis-
tered response.
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By suitably selecting which of the scalar quan-
tities, derived from the different phase sequence-
components, are to be combined, a discriminat-
ing function obtains which will be close to a pre-
determined magnitude as faults rotate from
phase to phase, which will be within a small
range of this magnitude whatever the phase re-
lationships of the phase sequence-components,.
and which will vary only slightly between the
different possible types of faults; that is to say,
if the level of the discriminating function ob-
tained from a three-phase fault is the base value
for comparison, the level of the discriminating
function obtained from any combination of line-
to-line faults, and any combination of line-to-
ground faulfs, especially double line-to-ground
faults, can readily be made to approximate the
base value.

My invention has many of the advantages de-
scribed in my aforesaid patent, and it is also par-
ticularly useful for protective purposes within a
station where pilot wires are not involved, or for
overcurrent protection, or for pilot wire protec-
tive systems where the magnitude of current-flow
to or from one end of the protected section hav-
ing an internal fault will be different from that
of the current-flow to or from the other end, as
for example, in a radial distribution system, or a
loop distribution system where the protected sec-
tion has one terminal close to an energy supply
but the other end relatively far from the energy
supply.

Where my invention is utilized in pilot wire
systems, the unidirectional character of the dis-
criminating function prevents the use of insulat-
ing transformers but the terminal equipment can
be adequately protected against extraneously in-
duced voltages in the pilot wires by means of self-
excited neutralizing transformers, such as de-
scribed and claimed in my copending application,
Serial No. 212,451, filed June 8, 1938, and as-
signed to the Westinghouse Electric & Manufac-
turing Company.

Additional objects and features of my inven-
tion will become apparent from the following de-
scription thereof, taken in conjunction with the
accompanying drawing in which like numerals
generally indicate like parts, and in which:

Figure 1 is a diagrammatic view of circuits
illustrating a network for obtaining scalar quan-
tities representative, respectively, of the zero-,
positive- and negative-sequence-components of
the line-currents in an electric device, shown in
this figure as a three-phase line;

Fig. 2 is a diagrammatic view of circuits and
apparatus embodying my invention, for a pro-
tective system for a section of a three-phase line
wherein the protective system includes pilot
wires. This view illustrates a modified form of
my invention in which the discriminating func-
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tion is obtained by the scalar combination of
quantities due to zero- and positive-sequence
current-components; and,

Fig. 3 is a diagrammatic view of a further

modification, and particularly showing my inven-:

tion applied to overcurrent protection. o
My invention comprises, generally, the .scalar

combination of quantities derived from selected-

=3

phase-sequence current- -components of the line- -

currents in an electric device, and .in Fig. 1 T -

show how a discriminating function may be ob-
tained which may be represented by the equation

|[Em|=|kolo]+ [k1l1| -+ |kalz| ¢H)

in which all quantities between vertical bars are
absolute or scalar values. In Equation ‘1l the sub-
scripts 0, 1 and ‘2 are respectively indicative of
Zero-sequence, positive-sequence, - and negative-
‘sequence .components ~of ‘the three-phase" line-
‘currents flowing in lines @, b and: ¢, the respec-
tive currents in which may be represerited by I
with a ‘subscript corresponding to the particular
line involved. The general symbols employed in
this description Tollow those described 'in the book
“Symmetrical ‘Components” by C. F. Wagner and
R. D. Evans.

‘The “filter network, in which the ‘sequence-
components ‘are obtained, is ‘energized from the
three=phase line, 'a, b, ¢, through a single set of

current. transforimers 2,4 "and -6, which are: :

Y-connected and ‘derive currents.I., Tr and I,
respectively, in the output linés 8, 19-and 12, the
currents Ia, In and Ic having a predetermined
relation to the actual line-currents flowing in
the line wires @, b and ©¢, and are, therefore, rep-
resentative of the line-currents. - The filter net-
work is such that an -electrical quantity répre-
sentative of ‘only the rotational positive-sequence
component of ‘the currents Ia, Ir and Ic may be
‘obtained from one filter section P; an-electrical
quantity representative of the rotational -nega-
tive-sequence component may be obtained from
another filter section N; and an ¢€lectrical quan-
tity representative of the zero-sequence compo-
nent may “be obtained from still -another filter
‘section Zo.

The section P is very similar to the positive
sequence network section described in Pig. 1 of
my aforesaid patent, and comprises an impedance
‘Z having a secondary winding ‘14 inductively cou-
pled to two primary windings ‘16 and 18 in two
circuits “traversed, ‘respectively, by the currents
I» and Tc. This section further includes -a re-
'sistor 20, having -a-value 3R’, which is traversed
at least in part by the line-current I. flowing
to a neutral conductor 22. The neutral con-
ductor 22 is connected to the
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point of the resistance 20 so that the discrim-
inating factor across the terminals 24 and 26
is ‘due solely to the positive-sequence component
of the line currents I, Tv and Ic. 'To obtain this
the mutual reactances between the windings 14
and 16, and the windings 14 and 18 are made
equal to //3R’, and by tapping off the neutral
-conductor 22 of the

2
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point of the 'resistance -20, the discriminating
factor kili across the terminals -24 and 26 will
be due solely to the positive-sequence current I,
as more -fully explained in ‘my -aforesaid patent,
with -the weighing-factor %, in that patent. for

2,206,784

the zero-sequence component made equal to zero.

The line currents Ip, Ic also traverse an im-
pedance Y similar to the impedance Z, but so
arranged that the current Ic is reversed, while Iy

flows directly therethrough. This impedance Y

com_prises» a secondary winding 23 and primary
windings 230 and 32, each having a mutual re-
actance with the primary winding of

1
“—._R

J 43

A resistance 34 of a value
3R

has one end connected to an end of the wind~
ing 28, and its other end to a terminal 3% which
is paired with a terminal 38 connected to the
other end of the winding 28. Cennected across
the resistance 34 is a -secondary winding 48 of
a transformer X havitig a primary winding £2

- ‘traversed by the current I and a primary wind-

40

60

ing 34 traversed by'the current Is-+I.. The wind-
ing 42 has twice the number of turns of the

‘winding 44 which in the preferred form ‘equals

the number of ‘turns in the secondary winding 49.

The imipedance Y, the transformer X, and the
resistance -34 compose the section N of the net-
work, and will produce -a dlscrlmlnatmg factor
across the termirals 36 and 38, which is re-

‘sponsive ‘only to the negative:sequence coripo-

nent of the line-currents.

A mathematical explanation of ‘this section is
as follows: With no current flowing through the
terminals 36 and 38, a circuit may be traced
in which the sum of all the voltage drops through
the circuit, including connection %8, ‘the primary
winding 28, the resistance 34, and ‘connection
48, ‘must "equal the voltage Ewm across the ter-
minals 36 and 38, as follows:

9. 1 R
Bim=5RI.~3R(I,+1) Hi g Tt )=

2 R R R, R
Rt (=5 ) I (-5+i5)r ©
By substituting the sequence-components of the

line-currents I, In and T, ‘which are represent-
ed by

To=Iy+I1- Iz
To=To-}-a2I1al>
Ie=Io+t-al1-}-a2l2

and remembering that

3

a= ———l-]—-
and

43

= — o —

2
Equation 2 becomes

Fin=gRIyt (—%—%}M ( -§+j%)fo+
RIz'l-( J“/—)<~———]_ I+
‘gHﬁ)(‘E‘f%)H%mﬂL

(-5375) (a7 B+

(_R .R 13
“§‘|‘J“/_g)(—§—]‘/2—3 I, 3)
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By reducing Equation 3, it will be found that all
the Ip terms, and all the I terms add up to zero,
and that

Eom=2RIz=k2al> 4

indicating that the discriminating factor across
the terminals 36 and 38 is due solely to the nega-
tive-sequence component of the line-currents.

The neutral conductor 22 connects to one end
of a resistor Ro, the other end of which is con-
nected to a further neutral conductor 50 con-
nected to the neutral point of the Y-connected
current transformers. Consequently, as is well
known in the art, the drop across this resistance
Ro will be due solely to the zero-sequence com-
ponent flowing in the neutral lines 22 and 50.
Terminals 52 and 54 are connected across this
resistor Ro so that an electric voltage-quantity
Rolo=Kolo is manifest across these terminals,
which will be representative solely of the zero-
sequence component Ip of the line-currents.

The different discriminating factors across the
respective pairs of terminals 24—26, 36—38, and
52—754, are, in this particular instance, converted
to scalar quantities by connecting full-wave rec-
tifiers 56, 58, and 60, respectively, across the
pairs of terminals. The direct current outputs
of the rectifiers are algebraically added by being
connected in series. It is evident that by con-
verting the discriminating factors to scalar val-
ues, and combining them serially, the summa-
tion will produce a single discriminating func-
tion which can be manifested in a single meas-
uring circuit, indicated at 62, the circuit being
represented as terminating in terminals 64 and
66. Since the discriminating factors across each
output of the rectifiers, are derived, respectively,
from the individual sequence-components I:, Is
and To, the registration response, or discriminat-
ing function, in the measuring circuit 62 will be
the sum of the individual scalar quantities de-
rived from these components and is represented
by Equation 1.

By varying the value of the resistance Ro, and
each or both of the values of the resistances 20
and 34 (in which case the impedances Z and Y
should also be proportionately varied, if neces-
sary), it is possible to control the magnitudes
of the constants ki1, k2 and ko. Or by trebling
the magnitude of resistance 34, and correspond-

ingly trebling the mutual impedance of the wind- °

ings in impedance Y, this impedance will phys-
ically duplicate the impedance Z. However, in
actual practice of my invention, k1 and k2 may be
equal, and ko can be readily varied by varying
the values of the resistance Ro.
representative relationships of the network
shown in Fig. 1 will yield a discriminating func-
tion in the measuring circuit which may be repre-
sented by

[Em|=|K (I14-T2+K' o) | (6:)]

this equation obviously being the equivalent of
Equation (1) under the assumed conditions.
However, for a practical embodiment of the
relaying equipment in accordance with my inven-
tion, it is desirable to provide taps or other com-
mon adjustment features by which the weighting
constants of each section of the network can be
controlled so that the equipment can be of gen-

eral application, being adjustable to obtain the .

relative weightings best suited for the particular
alternating-current line or device to which it is
applied. Any one, or a combination, of the
weighting constants will, in general, be deter-
mined by the characteristics of the apparatus

In this case the
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being protected so as to render the equipment
best suitable to the particular loads of the pro-
tected apparatus, the frequency of expectable
fault types, the discriminating difficulties, the
force coordination of the responsive devices, or
other factors that are usually involved and con-
sidered.

The measuring circuit 62 can be utilized with
any suitable apparatus. For example, the ter-
minals 64 and 66 might be connected fo a suit-
able relay for operating, in response to a prede-
termined value of the discriminating function, a
tripping coil of a circuif breaker. In such a case,
the system of Fig. 1 becomes an overcurrent pro-
tective device. Or the terminals 64 and 66 may
be connected to suitable apparatus of a pilot wire
system, a similar system being provided at the
other end of the protected section, and in Fig. 2 I
show a modified form of my invention in such
a pilot wire protective system wherein the dis-
criminating function is represented by

|Em|=|kT1-+k olo) |

In Fig. 2 the protected line section, represent-
ed by A, has end terminals provided with pro-
tective equipment B and C, respectively, the pro-
tective equipment being joined by pilot wires
68 and 78. In the system shown in Fig. 2, the
broken lines are inserted as indicative of extend-
ed lengths of wires.

Each of the terminal end protective equipment
comprises a network for deriving only scalar
quantities representative of the positive-sequence
current-component and the zero-sequence cur-
rent-component. This is done by providing each
of the current protective equipments with an im-
pedance Z and a resistance 20 connected as
shown in Fig. 1 to yield a discriminating factor
across the terminals 24’ and 28’ which is repre-
sentative only of the positive sequence compo-
nent, and a resistance R’o in the neutral connec-
tion of the current transformers which will yield
a discriminating factor across the terminals 52’
and 54’, representative solely of the zero-se-
quence component, in accordance with the prin-
ciples outlined in Fig. 1.

The circulating-current protective system
shown in Fig. 2 is one similar in its general as~
pects to that shown in Fig. 11 of my aforesaid
patent, and comprises operating coils T2 across
the respective measuring circuit terminals 64’
and 66’, and restraining coils 74 in series in the
measuring circuit, a pair of coils 72 and 14 at
each terminal operating upon a polarizing re-
lay- 16 which, in turn, controls a tripping coil
18 of a circuit breaker 80.

Since the discriminating functions at each of
the terminals B and C of the protected section are
unidirectional, insulating transformers cannot
be used to isolate the terminal equipment from
the pilot wires to protect this equipment from
voltages-to-ground due to induced voltages in the
pilot wires. However, by using several neutral-
izing transformers 82 at the ends of the pilot
wires, and grounding capacitors 84 from each
terminal end of each pilot wire to ground, as de-
scribed in my aforesaid application, the induced
voltages can be neutralized and rendered harm-
less.

Fig. 3 represenis a system similar to Fig. 1,
but which can be utilized for overcurrent protec-
tion of an electric device whose neutral is either
ungrounded or not very well grounded so that the
proportion of the discriminating factors due to
the zero-sequence component flowing through the
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difféerent sections P and N will not appreciably
affect the actual discriminating factors, and the
totalized scalar discriminating function obtained
from the series-connected pairs of terminals
24''—26"’, 36’’—38"’, and 52’'—54’’ does not ob-
jectionably depart from its value as represented
by Equation 1.

The system of Fig. 3 is also useful for protection
where high relative -zero-sequence ‘weighting is
desirable in systems which might, at times, have
fault currents with relatively small zero-sequence
comiponents, making desirable an #ccentuated
zero-sequence discriminating factor to take care
of conditions of this kind.

In Fig. 3, it may be obsetrved that the line cur-

rents Is, In ahd I flow to the neutral point 86
which is connected by wires 88 and 90 to the neu-
tral of the current transformers, a resistance 92
being inserted in series with these conductors for

deriving a quantity representative of the zero~ ¢

sequence current-component. In orderto magni-
fy the effect of this zero-sequence component
the resistance 82 is made high so'that the value of
ko is high, and will, therefore, make the discrimi-

nating factor kolo-of a magmtude approaching or :

even exceeding the magnitude of the dis¢rimhinat-
ing factors resulting from the positive- and nega-
tive-sequence components, although the actual
value of the zero-sequence component itself
might be considerably less than the expectable
value of the other sequence-components, In this
modification the outputs of the rectifiers are also
serially connected and operate a relay 94 con-
trolling the tripping circuit of a circuit breaker
96, when the discriminating function indicates
an excess current in the main lines.

In the system of F1g 1, the discriminating fac-
tors due to the different sequence-components
are actually representative of these components
whereas in Pig, 3, the dlscrlmmatmg factors
across the pairs of terminals 24’26’ and
36’'—38’' are modified somewhat by the zero-
‘sequence component flowing through the coin-
nected sections of the network, but the exten:
of the modifying is negligible in ungrounded sys-
tems or poorly grounded systems, or in systems
where high relative zero-sequence weighting 1s
to be used, for which this embodiment is useful.

As an example of the application of the funda-

mental Equation 1, by making %1 and k2 the same

and ko five times either of these, the magnitudes
of discriminating functions resulting from the 10
different types of expectable faults on a fairly
well grounded three-phase line, will fall within
a small range, and may be made to fall within
a range of less than two to one between minimum
and maximum magnitudes, even with maximum
phase-angle displacements between the sequence
current-components themselves., Consequently,
a particular advantage of ty system resides in
this fact that the phase-angle betweén the se-
guence-components is not a factor in the- dis-
criminating function present in the measuring
circuit since each component is first rectified so
that only scalar values are added or combined.
By the introduction of a factor due to the nega-
tive-sequence component, the percentage ratio
W of the lowest fault-response as compared to
the highest fault-response for any of the types
‘of faults which might occur on a given line, can
be made to approximate unity and kept even
above 50 per cent for all conditions. The values
of the different constants ko, k1 and k2 will de-

pend on the characteristics 'of the protected de--
vice and by suitable ‘adjustments in the phase- °
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sequence network sections, the constants may be
varied to give the desired percentage ratio W.

In some systems where the scalar addition of
the discriminating factors due to the positive-
sequence current component and the zero-se-
quence current component is sufficient for pro-
téctive purposes, the possibility of an excessively
low discriminating function which might, for ex-
ample, occur when the zero-sequence current-
component has very.large phase displacement as
compared to the positive-sequence current- com-
ponent, is eliminated.

In order to reduce the internal impedance of
the. different network sections from which the
different discriminating factors are obtained, it
may be desirable to have the primary windings
of the impedances Z-and Y of relatively large
number -of turns as compared to the secondary
windings, and for the network-section of the nega-
tive-sequence component the secondary winding
49 may be a small number of turns as compared
to.those of the primary windings 42 and 44, the
Value of the resistance 34 being correspondmgly
made smaller or a transformer interposed thereat
for the purpose, -If desired, in some embodiments
smoothing filters including capacitors may alsc
be connected across the output ends of some or
all the rectifiers where slower relaying is involved,
such capacitors further reducing the effects of
phase-angle displacement between the different
current-components.

Additionally, voltage limiters, such as shown in
M. A. Bostwick Patent No. 2,183,537, issued De-
cember 19, 1939, and assigned to the Westing-
house Electric & Manufacturing Company, may
be utilized, preferably across the alternating-cur-
rent input terminals of the rectifiers, and so
designed as to limit its voltage output only after
the responsive relay setting has been exceeded
by an adequate margin fo secure the -desired
speed.

In the above description, it is understood that,
in general, all alternating current eleetric quan-
tities in the networks are vectors.

The systems just described mave many fea-
tures and advantages deseribed in my -aforesaid
patent, and while I have illustrated my-invention
in a number of different forms, I desire it to be
understood that such illustrations are not by way
of limitations since it is obvious to those skilled
in the art that many modifications of the precise
details and networks may be adopted or equiva-
lent substituted without - departing from the
teachings of my invention. - Another embodiment
of my invention, more especially for impedance

‘relaying, is ‘shown in my Patent No. 2,242,951 of

May 20, 1941; for which a reissue patent appli-
cation has been filed.

I claim as my invention:

1. A three-phase device having a three-phase
line, a single set of current transformers for said
line, networks connected to said transformers
comprising a plurality of means including im-
bedance devices and circuits having three dis-
tinet pairs of connections for obtaining, respec-
tively, across said pairs of connections, unidirec-
tional voltages individually representative of the
positive-sequence, negative-sequence, and zero-
sequence components of the line-currents, and
means for algebraically adding the said obtained
voltages for deriving a response to line-conditions,
which response is a function of variables de-
pendent solely on said obtained voltages. ;

2. A three-phase device having a three-phase
line, current transformers for said line, networks
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conhected to said transformers comprising a plu-
rality of means including impedance devices and
circuits having three pairs of connections for
chtaining, respectively, across each of said pairs
of connections, a sequence-voltage representative
of the positive-sequence, negative-sequence, and
zero-sequence components of the line-currents,
and utilization means including rectifiers for
rectifying and serially combining said sequence-
voltages.

3. Means for utilizing a single relay to respond
to any one of a plurality of different kinds of
faults in a three-phase electrical device to be pro-
tected, comprising the combination, with said
relay, of selective phase-sequence filter means
and circuit means to said relay for energizing said
relay with a current corresponding, in a predeter-
mined manner or manners, to the values of a
combination of rectified, weighted sequence-com-
ponents derived from the phase-currents in the
protected device, said filter means including
means for applying to said circuit means, in
series, individual rectified voltages representative
of the zero- and positive-sequence components of
the phase-currents in said profected device.

4, Means for utilizing a single relay to respond
to any one of a plurality of different kinds of
faults in a three-phase electrical device to be pro-
tected, comprising the combination, with said
relay, of selective phase-sequence filier means
and circuit means to said relay for energizing said
relay with a current corresponding, in a prede-
termined manner or manners, to the scalar values
of a combination of rectified, weighted sequence-
components derived from the phase-currents in
the protected device, said filter means including
means for applying to said circuit means, in
series, individual rectified voltages representative
of the zero-, negative-, and positive-sequence
components of the phase-currents in said pro-
tected device, with the magnitude of said series
combination of rectified voltages within a rela-
tively narrow predetermined range for the dif-
ferent kinds of faults.

5. An electrical system responsive to the line-
currents in a three-phase device, comprising a
plurality of network means for obtaining elec-
trical quantities kolo, k111, and k2I2, where Io, I,
and Iz are the zero-, positive-, and negative-
sequence components of the line-currents, and
%o, k1, and k2 are selected constants, and means
including a utilization circuit, for rectifying said
quantities to obtain scalar values of each, and
algebraically adding, in a predetermined manner
or manners, only the said scalar values to derive
a resulting single unidirectional electrical quan-
tity utilizable as a discriminating function in said
utilization circuit.

6. A three-phase device having a three-phase
line, network means for deriving individual single-
phase electrical quantities representative, respec-
tively, of a rotational- and a zero-sequence-com-
ponent of the line-currents, said network means
having a plurality of pairs of junctions, one for
each of said sequence-components, rectifier
means connected to said junctions to convert said
individual single-phase electrical quantities to
individual unidirectional electrical quantities, and
a utilization circuit including the outputs of said
rectifier means in series whereby said unidirec-
tional quantities are algebraically added.

7. A three-phase device having a three-phase
line, network means for deriving an individual
electrical quantity kIs, an individual electrical
quantity kiI1, and an individual electrical quan-
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tity keI2, where Io, I1 and I2 are representative
of the zero-, positive-, and negative-sequence
components of the line-currents, and ko, k%1 and
k2 are weighting constants, means for converting
said quantities to scalar quantities, said means
including a utilization circuit in which said scalar
quantities are algebraically added to provide a
single electrical quantity in said circuit repre-
sented by |kolo|4|kiI1|-+kel2|, the bars being in-
dicative of scalar values, and fault-responsive
means responding to the last said quantity.

8. A three-phase device having a three-phase
line, network means for deriving an individual
electrical quantity kIo and an individual elec-
trical quantity kili, where Xo, and I1 are repre-
sentative of the zero-, and positive- sequence
components of the line-currents, and ko, and k:
are weighting constants, means for individually
converting said quantities to scalar quantities,
said means including a utilization circuit in which
said scalar quantities are algebraically added to
provide a single electrical quantity in said cir-

" cuit represented by |kolo|--|kil1], the bars being

indicative of scalar values, and fault-responsive
means responding to the last said quantity.

9. A differential-protective apparatus for an
alternating-current electrical device having lines
including a plurality of separated terminals
where current may enter or may leave, compris-
ing means at each of said terminals for deriv-
ing quantities including a plurality of unidirec-
tional quantities, each of which is individually
representative, in some manner or manners, of
selected sequence-components of the line-cur-
rents at the corresponding terminal, said means
including means for combining said derived
quantities in a predetermined manner or man-
ners, and comparing means including connec-
tions between said ferminals, having the prop-
erty of comparing the combined electrical quan-
tities at each of said terminals for the detection
of faulty conditions in said electrical device, the
last said means including devices operable by
said comparing means.

10. An electrical system responsive to the elec-
trical quantities in a multi-phase device, com-
prising a plurality of means for obtaining elec-
trical quantities koO, k1P, and k=N, where O, P,
and N are the zero-, positive-, and negative-
sequence components of the said electrical quan-
tities, and ko, ki, k2 are selected constants, and
means including a utilization circuit, for recti-
fying said quantities to obtain scalar values of
each, and algebraically additively combining all
of said scalar values in a predetermined manvicr
or manners to obtain a single unidirectional elec-
trical quantity utilizable as a discriminating
function in said utilization circuit.

11. A three-phase device having a three-phase
line, means for deriving individual single-phase
electrical quantities representative, respectively,
of a rotational- and a zero- sequence-compo-
nent of the electrical quantities, said means hav-
ing a plurality of pairs of junctions, one for each
of said sequence-components, rectifier means
connected to said junctions to convert said in-
dividual single-phase electrical quantities to in-
dividual unidirectional electrical quantities, and
a utilization circuit including the outputs of said
rectifier means in series whereby said unidirec-
tional quantities are algebraically added.

12. A three-phase device having a three-phase
line, means for deriving an individual electrical
quantity koO, an individual electrical quantity
k1P, and an individual electrical quantity k2N,
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where O, P, and.N.are represéntative of the. zero-;
positive-, -and ‘negative-sequence .components of
the.electrical .quantities %o, %1 and %2 are weight-
ing .constants, means for converting .said quan-
tities to .scalar .quantities, said means including
a -utilization .circuit .in which said .scalar quan-
tities -are_algebraically .added to provide a single
electrical quantity in said circuit. represented by
{ledO+ k1P| |k2N|, the bars being indicative of
scalar values, and fault-responsive means re-
sponding. to thelast said quantity.

13. A three-phase device having a :three-phase
line, means for deriving an individual -electrical
quantity %o and-an individual electrical :quantity
k1P, where :O, and P are representative of the
zero-, and positive-sequence components of the
electrical quantities, and ko, and k1.are weighting
constants, means for individually converting said
quantities to-scalar quantities, said means in-
cluding a utilization circuit in which said scalar
quantities are algebraically added to provide a
single electrical quantity in .said circuit repre-
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sented by |kaO|:+|k1P], the bars heing indicative
of :scalar values, and fault-responsive means .re-
sponding to the:last said.quantity.

14. The combination, with a .polyphase :elec-
trical apparatus, .of .a plurality.of :different. means
for. producing :a :plurality .of .different :single-
bhase .relaying :quantities :responsive to .different
phase=sequence .components of .a :predetermined
electrical quantity .of said polyphase electrical
apparatus, at least one of said single-phase re-
laying quantities being selectively responsive.sub-
stantially .exclusively to .a .rotational phase-se-
guence quantity, .and . at deast .one -other of .said
single-phase relaying .quantities being responsive
to . a .zero phase-sequence quantity, separate
means for individually rectifying the several sin-
gle-phase relaying quantities, and means for
combining, only in .series-circuit .relation, :said
single<phase relaying quantities for :obtaining a
joint.response dependent upon the rectified .quan-
tities. : .

EDWIN L. HARDER.




