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3,339,115
DIRECTIONAL RELAY APPARATUS
Howard J. Calhoun, Millington, N.J., assignor to West-
inghouse Electric Corporation, Pittsburgh, Pa., a cor-
- poration of Pennsylvania
Filed May 17, 1965, Ser. No. 456,209
29 Claims. (Cl. 317—36)

This invention relates generally to relaying apparatus
and more particularly to the type known as distance relays.

An object of this invention is to provide a relaying
apparatus using static type circuit components.

A further object of this invention is to provide such
an apparatus which has a minimum number of compo-
nents.

A still further object of this invention is to provide
‘a fault sensing network utilizing not more than two com-
pensaters and which apparaitus will respond to both line
to line and three-phase faults.

A still further object of this invention is to provide a
relaying network in which the phasing of single operating
quantity with respect to one or the other of a pair of
polarizing quantities is relied upon to provide a tripping
signal upon the occurrence of a fault in the protected
network.

Another object is to provide an improved trip con-
trolling network which will remain ineffective as long as
a. predetermined one of three control signals lags the
phase of the other two thereof but which will actuate the
trip mechanism whenever this particular signal leads
either or both of the other two signals. :

Other objects of this invention will be apparent from
the description, the appended claims and the drawings in
which drawings:

FIGURE 1 (comprising FIGS. 1A, 1B) shows a
schematic diagram of a relaying apparatus embodying
the invention.

FIG. 2 is a schematic diagram of the amplifying net-
work for actuating the breaker trip coil.

FIG. 3 and 3A are vector diagrams illustrating a
normal non-faulted network operation;

FIGS. 4 and 4A are vector diagrams illustrating a
first type of line to line fault.

FIGS. 5 and SA are vector diagrams showing a second
type of line to line fault.

FIGS. 6 and 6A are vector
third type of line to line fault; and,

FIGS. 7 and 7A are vector diagrams illustrating a
three-phase fault. ‘

Referring to the drawings by characters of reference, the
number 1 indicates generally a three-phase power distribu-
tion network having a branch network 2 connectable and
disconnectable from the network 1 by means of a usual
breaker 4 having a trip coil 6 operated by a trip coil
amplifying network 8 shown in FIG. 2. The amplifying
network 8 has at least one pair of input terminals and in
‘the instant shown has three pairs thereof 10, 12 and 14
for connection to the output terminals of the trip coil
actuating networks 16, 18 and 20 of the three protection
zones.

These trip coil actuating networks 16, 18 and 20 are
controlled respectively by distance logic networks 22, 24
and 26 of zones 1, 2 and 3 shown in FIGURE 1A. These
distance logic networks are identical to each other ex-
cept for certain adjustments which permit the magnitudes
of the control quantities developed therein to be of
different relative magnitudes with respect to the values
of the current and voltage in the power network 1 at
the station location that the signals are derived. The
voltage and current quantities may be sensed in the usual
manner as by the transformer arrays 28 and 30. The
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adjustment of the zone 1 network 22 is such that the
control quantities are large with respect to the line quan-
tities whereby the network 22 responds to faults which
occur a first predetermined distance from the breaker
4. Zone 2 is adjusted to respond to faults occurring further
beyond the breaker and zone 3 is adjusted to respond
to faults still further beyond. Normally, in accordance
with prior operating practice well known to those skilled
in the art, the zones will be separated by the breakers and
supplied with electrical energy from additional power
sources, and similar as for example to that discussed
in Patent No. 2,873,460. Since the zone 2 and zone 3
actuating and logic networks are identical to the zone 1
networks a detailed description of only the zone 1 net-
works will be given.

The potential transformer array 28 comprises three
transformers having their primary windings connected
in Y to the conductors 32, 34 and 36 of the branch
network 2 and having the neutral terminal connected to
ground. The secondary windings of this array 28 are Y
connected to the control busses 38, 40 and 42 and the
neutral terminal is grounded. The potential derived elec-
trical quantities appearing between the conductors 38, 40
and 42 are phased so that the vector quantities represent-
ing these quantities have the same relation with respect
to each other as the vector quantities representing the
voltages of the supply conductors 32, 34 and 36 of the
branch network 2.

The current transformer array 30 comprises three Y
connected current transformers associated with the three
conductors 32, 34 and 36 respectively and developing
current derived quantities which are representative of the
current flowing in the branch network 2. These trans-
formers energize individual current quantity conducting
conductors 44, 46 and 48. A common current quantity
conductor 50 is connected to the neutral connection of
the array 30.

The distance logic networks comprise a fault operate
signal network 52, a line to line fault polarizing sig-
nal network 54, and a three-phase fault polarizing sig-
nal network 56 energized from the potential and current
derived quantities supplied from the voltage and current
transformer arrays 28 and 30. The potential quantity is
supplied to the fault operate signal network 52 through
a transformer 58 having a tapped primary winding 60 and
energized from first and second potential quantity input
terminals 64 and 66 connected respectively to the buses
38 and 40. By a suitable selection of the tap of the wind-
ing 60 the volts per turn of a secondary winding 62 may
be determined and thereby the magnitude of the poten-
tial quantity supplied to the network 52 relative to the
potential between the conductors 32 and 34. The connec-
tion of the terminal 64 and the winding 60 for zone 1
is to tap a for zone 2 is to tap b and to zone 3 is to tap ¢
as illustrated in my said patent to permit the use of the
same distance logic network for each of the zones 1, 2
and 3. The transformer 58 may serve to isolate the net-
work 52 from the conductors or one terminal of the wind-
ing 62 may be connected as shown to an intermediate tap
of the primary winding 60 to reduce the turns required by
the winding 62. The other terminal of the winding 62 is
connected through the output winding 70 of a compensa-
tor 72 and a transient supressing network 73 to the one
output contro] terminal 74 of a first pair of output ter-
minals 74-76 of the distance logic network 22. The sec-
ond control terminal 76 of the first pair of output ter-
minals is connected by a conductor 77 to a common
terminal 78 of the winding 60 of transformer 58 and
winding 90 of a transformer 88 to complete the secondary
circuit of the transformer 58. The primary circuit is com-
pleted by connecting terminal 78 to the input terminal 66.
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If desired, a transient suppressing network 80 may be
connected between the output terminal 76 and the com-
mon connection 81 of winding 70 to the transient sup-
pressing network 73.

The compensator 72 may be of the same type as the
compensator T of my said patent. As such it may take
the form of a transformer having a core with an air
gap, sometimes known as a mutual inductance, and hav-
ing compensating windings 82 and 84 inductively cou-
pled by means of the core to the output winding 70. The
compensator 72 vectorially adds the quantities applied to
the windings 82 and 84 to provide a current derived
summed quantity for modifying the potential quantity
supplied by the transformer 58. This summed quantity is
phase shifted an amousnt equal to the magnitude of the
predetermined characteristic phase angle of the branch
network 2 by a phase shifting arrangement 86 whereby
the compensating quantity applied to the output ter-
minals of the winding 70 is properly phased as will be
described in greater detail below. The compensator 72 is
a summing device which provides a compensating output
guantity for addition to the potential derived quantity
as may be represented by the vector V¢ in any of FIGS.
3 through 7A. The phase shifting arrangement may take
the conventional form of a resistor shunting a portion of
the winding 70.

The line to line fault polarizing signal network 54 is
similar to the fault operate signal network 52 and com-
prises the transformer 88 having the tapped winding 90
and a secondary winding 92. The adjustable tap of the
winding 90 is connected to a third input terminal which
is connected to the conductor 42. As stated above, the
other terminal of the winding 90 is connected to the com-
mon terminal 78 and to the second potential quantity
input terminal 66. The winding 90 is thereby energized
from the third potential derived quantity. One end of
the winding 92 is connected to a tap on the winding 90
and the other end thereof is connected through the out-
put winding 94 of a second compensator 96 and a tran-
sient suppressing network 104 to one output control ter-
minal 106 of a second pair of output terminals 76-106 of
network 22. The second compensator 96 like the com-
pensator 72 is provided with compensating windings 98
and 100 and a phase shifting arrangement 102. The first
control terminal of this second pair of control terminals
is common with the second control terminals 76 of the
first pair of control terminals, and connects with the com-
mon terminal 78. A transient suppressing network 105
may be connected between the terminal 76 and the con-
nection between the network 104 and the winding 94.

In order to provide the desired output of compensat-
ing quantities of the compensators 72 and 96, certain
of the current derived quantities provided by the current
transformer array 30 are caused to flow through the com-
pensating windings 82, 84, 98 and 100 as indicated by
the vector diagrams. More specifically, windings 84 of
compensation of the logic networks 22, 24 and 26 are
connected in series with each other and with the conduc-
tor 44 to the common conductor 50. The windings 82
and 100 of the compensators of the logic networks are
connected in series with each other with current conduc-
tor 46 to the common conductor 50. Similarly the wind-
ings 98 of the logic network are connected in series with
each other and the conductor 48 to the common conduc-
tor 50. The direction of the current quantities through
the compensating windings 82 and 84 of the compensa-
tor 72 is such that the vector V¢; representing the quan-
tity of the output terminal of the winding 70 is the vector
sum of the positive vector I, which represents the cur-
rent derived quantity that is proportional to the magnitude
of the current in the conductor 32 and the negative vector
—1Ig which represents the current derived quantity that
is proportional to the current in the conductor 34, and
phase shifted by an amount determined by the network
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86. Similarly the directions of the current derived quan-
tities through the windings 98 and 100 of the compensator
96 is such that vector Vs representing the quantity of the
output terminals of the winding 94 is the vector sum of
the positive vector Io which represents the current de-
rived quantity that is proportional to the current in the
conductor 36 and the negative vector —Ig which rep-
resents the current derived quantity that represents the
current in the conductor 34 and phase shifted as deter-
mined by the network 102. This arrangement, with the
phasing provided by the arrangements 86 and 102 is vec-
torially illustrated under non-fault conditions by the vec-
tor diagram of FIG. 3. The phase shift imparted by the
phase shifting arrangements 86 and 102 is preferably the
impedance angle of the branch network 2. The phase
shifting apparatus adds vector quantity Vg to the point
C. Since the vector quantity Vg, is added to the poten-
tial of the terminal 64 (point A), the output operate
quantity appearing between the first and second terminals
74 and 76 of the first pair of output terminals may be
represented by the vector Fo and the output polarizing
quantity appearing between the first and second control
terminals 76 and 106 of the second pair of output ter-
minals may be represented by the vector Epy, which is
the vector quantity resulting from the addition of the
vector quantity Vg to the point C.

The three-phase fault polarizing signal network 56
provides a voltage which leads the voltage between the
conductors 34-32 by an angle which is illustrated as being
ninety degrees and is vectorially illustrated by the vector
Epg,. For this purpose the network 56 comprises a phase
shifting network 107 and a memory network 108. The
phase shifting network 107 comprises an impedance hav-
ing a center tapped winding 109, a capacitor 110 and a
variable resistance 112. The winding 169 is connected be-
tween the input terminals 64 and 66 whereby it is ener-
gized with a voltage derived quantity representing the
potential between conductors 34 and 32 and represented
in the vector diagrams by the vector Ega. As indicated,
the connection from terminal 64 is adjustable to control
the magnitude of the output potential of the network 107.
The capacitor 110 and the variable resistor 112 are con-
nected in series between the upper and lower end ter-
minals of the winding 109. The output potential of the
phase shifting network 107 is derived fyom the center tap
118 of the winding 109 and the common connection or
terminal 120 between the capacitor 110 and the resistor
112,

The memory network 108 comprises an inductor and
a capacitor connected in series between the terminal 116
and the center tap 118. This network is tuned to the fre-
quency of the network 1 so that it will provide for a con-
tinued energization of the control terminals 114 and 116
for a short interval following termination of the voltage
appearing between the conductors 32 and 34, such as may
occur in the event of a fault between these two conductors
(A-B fault).

The control terminals 74, 76, 106, 114 and 116 of the
logic network 22 are connected respectively to input ter-
minals 124, 126-128, 130, 132 and 134 of the trip coil
actuating network 16. The connection from the terminal
76 to the terminals 126 and 128 includes a balancing re-
sistor 136 having its resistor terminals connected be-
tween the terminals 126 and 128 and its movable tap
138 connected to the terminal 76. The network 16 com-
prises three transformers 140, 142 and 152 having their
primary windings individually connected between the ter-
minals 124-126, 128-130 and 132-134 respectively.

As will be brought out in greater detail below, it is
desirable that the output voltages supplied by the trans-
formers 140, 142 and 152 remain above a critical ef-
fective magnitude substantially throughout the entire 180
degrees of each half cycle and that such voltage remains
within reasonable limits. A suitable wave shape is a
square wave. A convenient structure for.obtaining such a
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voltage wave is the provision of clipping devices which
will limit the magnitude of the potential supplied to the
primary windings of the transformers, As diagrammatical-
ly illustrated this is accomplished by connecting two op-
positely poled Zener diodes 148, 150 and 156 in shunt
with the primary windings of the transformers 140, 142
and 152 respectively. Transient suppressing networks com-
prising a capacitor connected in series with a resistor
across the primary windings of these transformers may
be used to eliminate or reduce the occurrence of spurious
signals at the output or secondary windings 144, 146 and
154, .
The trip coil actuating network 16 comprises a fault op-
erate circuit 158, a line to line fault polarizing circuit
160, a three-phase fault polarizing circuit 162, a restraint
squelch circuit 164, a voltage detecting circuit 166 and
a trip amplifier control circuit 168. Unidirectional power
for the trip coil actuating network is provided from a
suitable source of supply such as the station battery and
is diagrammatically indicated by terminals identified by
4+DC and —DC. In order that the voltage between the
positive and negative DC buses 174 and 176 may be held
at a desired constant value, the bus 174 is connected to
the --DC terminal through a voltage dropping resistor
178 and to the negative bus 176 through a voltage reg-
-ulating device which may be of a Zener diode 180, A
capacitor 190 is connected between the buses 174.and
176 to aid in the attainment of the constant potential
therebetween,

The fault operate circuit 158 is actuated from the
center tapped secondary winding 144 of the transformer
140 which controls the conductive condition of the tran-
sistors 192 and 194; the transistor 192 being rendered
conductive during the. polarity-positive half cycles -and
the transistor 194 being rendered conductive during the
polarity-negative half cycles of the output signal of the
transformer 140. Amplifying transistors 196 and 198 are
utilized to amplify the output signals of the winding 144
and control the transistors 192 and 194. The base of the
transistor 196 is connected to upper terminal of the wind-
ing 144 through a current limiting resistor and diode
‘and ‘the. emitter is connected to the center tap of the
winding 144. The collector-emitter circuit of the tran-
sistor 196 extends from the positive bus 174 through
a voltage dropping resistor 200 to the negative bus 176.
The control circuit of the transistor 192 extends from
the positive bus 176, the emitter-base of the transistor
192, a current limiting resistor, and the collector-emitter
circuit of the transistor 196 to the negative bus 176. The
emitter of transistor 192 is connected to the positive bus
174 and its collector is connected to a common terminal
202 of a pair of voltage dropping resistors 204 and 206
connected between the terminal 202 and a pair of ter-
minals 208 and 220 respectively. The terminal 208 is con-
nected through a first diode 210, a second diode 212 and
a Zener diode 214, to the base of a transistor 216 of the
trip amplifier control circuit 168. The emitter of the
transistor 216 is connected by a conductor 218 to the
negative bus 176.

The free end of the resistor 206, which is energized
concurrrently with the resistor 204, is connected to a ter-
minal 220 and therefrom through diodes 222 and 224
and the Zener diode 214 to the base of the transistor 216.
The emitter of the transistor 216 is connected by a con-
ductor 218 to the negative bus 176 and the collector is
comnected through a voltage establishing resistor 226 to
the positive bus 174. When transistor 216 conducts, a sig-
nal will be established between the output terminals 228
and 230, These terminals 228 and 230 are connected to

the upper and lower input terminals 10 respectively of

the amplifier network 8. As will be described below, the
conduction of transistor 216 results in. energization of
the trip coil 6 of the circuit. breaker 4 and opening of
the circuit breaker contacts to disconnect the branch 2
from the three-phase power network 1.
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The transistor 194, which functions during the oppo-
site half cycle to the transistor 192, has its emitter con-
nected to the bus 174 and its collector connected to a
common terminal 232 of a pair of resistors 234 and 236.
The other end terminals of the resistor are connected
to terminals 238 and 240 respectively, The termina] 238
is connected through diodes 242, 212 and 214 to the base
of the transistor 216. Similarly, the terminal 240 is con-
nected through diodes 244, 224 and 214 to the base of
the transistor 216. .

Conduction of the transistor 194 is controlled by the
transistor 198 and for this purpose the base thereof is
connected to the negative bus 176 through the collector
of transistor 198 and the usual current limiting resistor.
The base of the transistor 198 is connected through a
diode and cuurrent limiting resistor to the lower end ter-
minal of the transformer winding 144 and its emitter is
connected directly to the center tap connection thereof.

In order to prevent energization of the trip coil 6 ex-
cept in response to fault on the network branch 2, the
terminals 208, 220, 238 and 240 are selectively directly
connected to the negative bus 176 by the polarizing cir-
cuits 160 and 162 in shunt with the base circuit.of the
transistor 216. Since these shunt circuits inevitably have
some resistance therein, a Zener diode 214 is selected
which has a breakover potential which is in excess of such
voltage drop. This assures that no base current will flow
to the transistor 216 from any of the terminals 208, 220,
238 and 240 which are shunted to the negative bus 176.

The shunt circuit for the terminal 208 extends there-
from through a discontinuous type control device 246
such ‘as a silicon controlled rectifier and a branch bus
248 to the negative bus 176. The shunt circuit for the
terminal 238 extends therefrom through another discon-
tinuous control device 250 such as the silicon controlled
rectifier and bus 248 to bus 176. Likewise, the shunt cir-
cuits for the terminals 220 and 240 extend through discon-
tinuous control valves 252 and 254 respectively which
may be silicon controlled rectifiers and a branch bus 256
of the three-phase fault polarizing circuit 162 to the
negative bus 176.

. As will be brought out more clearly below, the opera-
tion of the relaying controlling apparatus with an un-
faulted condition of the network 2 is such that the phase
of the output signals of the transformers 142 and 152
lead the phase of the output signal of the transformer 140
whereby the controlled rectifiers 246, 250, 252, and 254
.are gated into conductivity prior to the time that the tran-
sistors 192 and 194 are rendered conducting, With such
a phasing, the potential of the terminals 208, 238, 220 and
240 cannot increase substantially above ground potential
when the transistors 192 and 194 actually conduct, The
breaker 4 will therefore remain in its circuit closing posi-
tion to connect the network branch 2 to the network.
The gate of the controlled rectifier 246 is connected to
the upper terminal of the winding 146 through a current
limiting resistor 247 and a diode 249 while the cathode
is connected to the center terminal through a bus 248. A
usual shunting resistor shunts the gate and cathode. The
-gate of the controlled rectifier 250 is connected to_the
lower terminal of winding 146 through another current
limiting resistor 251 and a diode 258 and the cathode is
connected to the branch bus 248. A shunting resistor is
connected between the gate and cathode of the rectifier
250. During the periods in which the upper terminal of the
winding 146 is positive with respect to the center tap
connection, the gate of the c¢ontrolled rectifier 246 will
be maintained in condition for anode to cathode con-
duction of the controlled rectifier 246 upon the conduc-
tion of transistor 192 and similarly during the periods in
which the lower terminal of the winding 146 is positive
with respect to the center tap, the controlled rectifier 250
will be in. readiness to conduct upon conduction of the
transistor 194. The controlled rectifiers 246 and 250 are
-of the discontinuous control type in that when once
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rendered conductive they will conduct as long as anode
cathode voltage is maintained thereacross. Therefore these
controlled rectifiers 246 and 250 will continue to conduct
and hold the terminals 208 and 238 substantially at
ground potential for the time period that the transistors
192 and 194 conduct even though the gate signal subse-
quently terminates.

Similarly, the controlled rectifiers 252 and 254 have
their gate and cathode circuits connected to the trans-
former winding 154 whereby these rectifiers are rendered
in a conducting condition whenever the transformer 152
is energized. These rectifiers 252 and 254 act in a man-
ner similar to the rectifiers 246 and 250 and maintain
the companion terminals 220 and 240 substantially at
ground potential when they conduct.

The restraint squelch circuit 164 is provided to shunt
the gate current from the controlled rectifiers 246 and
250 in instances in which the transistors 192 and 194 are
rendered conducting prior to the rendering of the con-
trolled rectifiers 246 and 250 conducting. The restraint
squelch circuit 164 includes two transistors 260 and 264
with their base emitter circuits connected between the ter-
minals 202 and 232 and the negative bus 176 through the
usual current limiting resistors. The collector of the tran-
sistor 260 is connected to the common connection of the
resistor 247 and diode 249 through a diode 261. The col-
lector is also comnected to the common connection of
resistor and diode which connects upper terminal of the
transformer 152. This connection includes a diode to pre-
vent current flow except toward the transistor 260. The
emitter of the transistor 260 is connected to a negative
branch bus 262. When the transistor 192 conducts, the
terminal 202 is elevated in potential and base current
flows through the transistor 260 rendering it conductive
and thereby effectively shunting any gate current from the
controlled rectifiers 246 and 252. Similarly, the base of
the transistor 264 is connected through a usual current
limiting resistor to the terminal 232, the emitter is con-
nected to the branch bus 262 and the collector is con-
nected through diodes to the gate circuits of the conirolled
rectifiers 250 and 254. Therefore whenever the transistor
194 conducts, the transistor 264 is rendered conductive
whereby the potential of the gates of the controlled rec-
tifiers 250 and 254 are maintained at substantially the
potential of the negative bus 176 and the controlled rec-
tifiers 250 and 254 cannot be rendered conducting. With
this arrangement the effect of the conduction of the tran-
sistors 192 and 194 cannot be nullified if they are ren-
dered conducting prior to the rendering of any of the
controlled rectifiers 246, 250, 252 and 254,

The voltage detecting circuit 166 prevents an incorrect
tripping of the breaker 4 by the operate ‘circuit even
though one or both of the polarizing voltages established
by the transformers 142 and 152 should disappear. This
circuit 166 includes the transistors 265, 266, 267 and 268.
Transistor 265 controls the conduction of transistor 266
each of which has its emitter connected to negative branch
bus 270, The collector of transistor 265 is connected
through a voltage dropping resistor 269 to the positive
bus 174. The collector of the transistor 266 is connected
to the common connection of the diodes 210 and 212.
Base current for the transistor 265 is derived from the
transformer 142 through the connection 271 and the
diodes 272 and 273, and will conduct at all times that the
transformer 142 is energized. Since the base of the tran-
sistor 266 is connected to the common connection of the
resistor 269 and the collector of the transistor 265, the
transistor is normally maintained non-conducting. If,
however, the output voltage of the fault polarizing net-
work 54 fails and the transistor 265 becomes non-conduct-
ing, the base of the transistor 266 will increase in poten-
tial, base current will flow and transistor 266 will conduct
to shunt away any base drive to the transistor 216 from
the terminals 208 and 238. Similarly the transistors 267
and 268 are actuated in response to the presence or ab-

10

15

20

25

30

35

40

50

55

60

65

70

75

sence of the output signal from the 3¢ fault polarizing
network 56 to permit or shunt away the base drive signal
to the transistor 216 from the terminals 220 and 240.

The amplifying network 8 as discussed above is pro-
vided with three sets of input terminals 10, 12 and 14.
The lower terminal of each of the sets 10, 12 and 14 is
connected through a current limiting resistor 276 to the
base of a transistor 278 while the upper ones of each of
the sets of terminals 10, 12 and 14 is connected to the
emitter. Emitter-collector potential is applied to the tran-
sistor 278 from a suitable direct current source connected
between the positive and negative buses 280 and 282. A
diode 284 is connected between the emitter of the tran-
sistor 278 and the bus 280. A resistor 286 is connected
between the collector of the transistor 278 and the nega-
tive bus 282. The potential across the resistor 286 is used
to energize an RC circuit consisting of resistor 294 and
capacitor 298 connected in series circuit with each other
and in shunt with the resistor 286. The potential across
capacitor 298 is used to energize a pulse transformer 288
through a Shockley type diode 292 and for this purpose
the primary winding 290 of the transformer has one end
connected to ome terminal of the capacitor 298 and its
other end connected through a Shockley type diode 292
to the other terminal of the capacitor. Reverse current is
prevented from flowing through the diode 292 by means
of a diode 296 connected in antiparallel therewith.

The secondary winding 300 of the transformer 288 is
connected between the gate and cathode of a controlled
rectifier 302 through a current limiting resistor 304. The
anode of the rectifier 302 is connected through a current
limiting resistor 306 to the positive bus 280 and its cath-
ode is connected through the trip coil 6 of the breaker 4
to the negative bus 282. In order to limit the forward volt-
age across the controlled rectifier 302 it may be and pref-
erably is shunted by a Zener type diode 308. A capacitor
310 series connected with a current limiting resistor 312
is shunt connected with the relay 6 to permit a more rapid
buildup of current through the controlled rectifier 302
than would occur through the inductive trip coil 6 by it-
self. This feature is shown and claimed in my copending
application Ser. No. 422,297 filed Dec. 30, 1964 for
Control Device.

The output connection of the actuating networks 18
and 20 are connected to the input circuits 12 and 14 re-
spectively of the amplifying network 8 through time delay-
ing devices 314 and 316. These devices may take any de-
sired form which will produce a time delay between the
time of energization of its input and the energization of its
output so that the actnation of the amplifying network
8 and thereby the trip coil 6 may be delayed for first and
second predetermined time intervals so that the zone 2
and zone 3 controls operate as back up devices in ac-
cordance with accepted relaying practice. The first time
interval is preferably of lesser duration than the second
time interval. An illustration of the use of back up ap-
paratus may be found in my said Patent No. 2,973,460
as well as in protective relaying texts.

1t is believed that the remainder of the details of con-
struction may best be understood from a description of
the operation of the apparatus which is as follows: The
vector diagrams of FIGS. 3 and 3A vectorially illustrate
the operation of the apparatus when the branch network
2 is unfaulted. As is more particularly brought out in
FIG. 3A the phase of the operate signal Egg on trans-
former 140 lags both of the voltages Epgy and Epg,e sup-
plied by the transformers 142 and 152. The voltage poten-
tial transformer array 28 energizes the conductors 38,
40 and 42 with voltages having phase angles and mag-
nitudes proportional to the voltages found between the
network conductors 32, 34 and 36. The voltage between
the conductors 38 and 40 is applied to the winding 60 of
the transformer 58 between the common tap 75 thereof,
and a primary winding tap @, b or c. The voltage be-
tween the conductors 42 and 40 is applied to the wind-



‘9
ing 90 of the transformer 88 by connecting conductor 40
to the tap 78 and conductor 42 to the proper tap a, b
or ¢ of the winding 90 in a manner like that set forth in
my said patent. The transformer 58 is energized with a
potential proportional to that between the line conduc-
tors 32 and 34. The transformer 88 is energized by a
potential proportional to that between the line conductors
34 and 36. In FIG. 3, the line conductors 32, 34 and 36
are represented by the reference characters A, B and C.
The voltage which appears across the output winding 62
and the common portion of the winding 60 is represented
by the vector Eg, and that which appears across the wind-
ing 92 and the common portion of the winding 90 is re-
presented by the vector Eqg.

The output voltages which appear across the output
terminals 74 and 76 of the logic networks 22, 24 and 26
are phase shifted with respect to the Ega and Egg vectors
by an amount as determined by the compensators or sum-
ming devices 72. The device 72 is energized by the line
current flowing in the conductors 32 and 34 and is rep-
resented by the vectors I, and —Ig. These two vectors
add together to provide a summed quantity I, 5. The
potential across the winding 70 developed by the quantity
Is_g is phase shifted as determined by the phase shifting
network 86 to provide an output compensated quantity
which is represented by the vector Ver. This summed
quantity is added to the output quantity of the transformer
58 to provide a voltage between the output terminals
which is represented by the vector Eo. This output volt-
age is applied to the primary winding of the transformer
146 of the fault operate circuit 158. Due to the presence
of the, diagrammatically illustrated, back-to-back Zener
diodes 148, the magnitude of the voltage applied to the
primary winding of the transformer is limited in mag-
nitude of that a substantially square wave of voltage is
applied. The magnitude of this voltage is so related to
its frequency and with respect to the core of the trans-
former that the transformer 140 does not saturate and
produces an equivalent square wave output voltage at
[its secondary winding 144. The phase of this output is
represented in the vector diagram of FIG. 3A by the volt-
age vector Ege.

The voltage added by the compensator or summing de-
vice 96 is derived from the vector sum of the currents
flowing in the conductors 34 and 36 represented by the
vectors I and —Ig. These quantities are vectorially added
-together and phase shifted by the network 102 to provide
a summed quantity Ve, This quantity adds to the quan-
tity. at the point C of the vector diagram to provide a
quantity at terminals 76 to 106 which is represented by
the vector Ep,, in FIG. 3. This quantity is applied to the
primary winding of the transformer 142, and is clipped
by the diagrammatically "illustrated back-to-back Zener
diodes 150 to provide a square wave of a phase illustrated
in vector diagram: FIG. 3A by the vector quantity
Epjuc.

'ighe three-phase polarizing signal network 56 is ener-
gized by the voltage appearing between the conductors
38 and 40 which is representative of-the voltage between
the conductors 32 and 34 and represented in the vector
diagram of FIG. 3 by the voltage Eg,. This voltage is
phase shifted by the network 56 to provide a voltage at
its output terminals 132 and 134 which is phase shiffed
to lead the. voltage Eg,. This quantity is represented in
FIG. 3 by the voltage vector Eps,. This voltage is clipped
by the diagrammatically represented back-to-back Zener
diodes 156 and the transformer 152 is energized by a
substantially square wave which is phased 90° leading
with respect to the voltage Eps. The phase of this quan-
tity is represented in FIG. 3A by the vector Epgye. FIG.
3A shows that each of the polarizing voltages Eps,c and
Epyyc leads the operating voltage Eoc during normal op-
eration of the network branch 2 by an angle which is less
than 180°, With this phasing, the transistors 192 and
194 are rendered conducting when the polarizing volt-
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ages are maintaining the controlled rectifiers 246-252
and 250-254, respectively ready to conduct. Therefore,
as soon as the lagging operating voltage Eoc causes the
transistors 192 and 194 to conduct, the voltage drop be-
tween the terminals 208-220 and 238-240 and the nega-
tive bus 176 is less than the critical or breakover volt-
age of the Zener diode 214 and no base current will be
supplied to cause the transistor 216 to conduct. Since the
transistor 216 does not conduct, there is no drop across
the resistor 226 and both of the output terminals 228,
230 thereof remain at the same potential, the amplify-
ing network 8 remains unactuated and the trip coil 6
remains deenergized. Should the potential Ecop between
conductors 34 and 36 fail for any reason as for example
due to a fault on network 1 closely adjacent the breaker
4, the voltage Ep,,c would not be effective to render the
controlled rectifiers 246 and 252 in readiness to conduct
so that the potential of the terminals 208 and 238 would
be elevated to supply a base drive to transistor 216 to
actuate the network 8 to energize the trip coil 6 which
results in an undesired tripping of the breaker 4.

This undesired tripping is prevented by the voltage de-
tecting circuit 166. When the transformer 142 becomes
deenergized, the base drive for the transistor 265 termi-
nates and this transistor 265 becomes non-conducting.
This results in an increase in the potential of the base of
the transistor 266 whereby base current flows and the
transistor 266 conducts. This conduction of the transis-
tor 266 connects the terminals 208 and 238 to the nega-
tive bus 176 through the diodes 210 and 242 thereby pre-
venting base current flow from these termindls to the
transistor 216. Similarly should the voltage Epg,q fail for
any reasons, the transistor 267 will fail to conduct where-
by the transistor 268 will conduct to connect the termi-
nals 200 and 240 to the negative bus 176 and thereby
prevent base current flow therefrom to the transistor 216
and undesired tripping of the breaker 4.

FIG. 4, shows vectorially the conditions which occur
when the lines 32 and 34 in the branch network 2 be-
come faulted within the reach of the zone 1 equipment.
When such a fault occurs, the potential E,p decreases
in magnitude depending upon the distance from the equip-
ment to the fault location. Such decrease is assumed to
be the magnitude Eg.,.. Since the lines 32 and 34 are
faulted together, the current flowing in conductor 32 is
identical to that in conductor 34 except that the direction
of the two currents is reversed. This fault current is rep-
resented in the vector diagram by the vectors I, and
~Ip. Since substantially no load current flows in the
faulted lines 32 and 34 the phase angle of the current is
substantially that of the impedance of the branch net-
work 2. The phase shifting network 86 is adjusted so
that the phase of the compensating quantity Vg, is 180°
out of phase with the voltage Egar. The high volts per
turn of the windings of the transformer 72 provides a
compensating quantity Vg, which is substantially greater
than the voltage Eg. 4. The resulting potential Eq at the
terminals 74 and 76 is opposite in phase substantially
180° out of phase with the voltage Egnp-.

A voltage V¢, derived primarily from the —Ig cur-
rent since the current in the conductor 36 is of so small
magnitude with respect to the current in the conductor
34. This current —Ig is Tepresented by the vector —Iy
extending from the point C in FIG. 4. The phase shift
imparted by the phase shifting network 102, which is pref-
erably the phase angle of the branch network 2 phases
the voltage Vg, due to the current —Ig, which is added
by the winding 94 to the output voltage of the transform-
ers 88 to provide an output quantity Ep,, between the
terminals 108 and 76. This voltage Ep,, is applied across
the primary winding of the transformer 142 and Zener
diodes 150. The phase angle of the output voltage of this
transformer winding 146 is represented in FIG. 4A by
the vector Ep,, and lags the phase of the operate voltage
Eoc by an angle somewhat less than 180°. With this phas-
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ing of the vectors Egc and Epgcs the transistors 192 and
194 will be rendered conducting prior fo the rendering
of the controlled rectifiers 246 and 250 conducting where-
by base current will flow from the positive bus 174
through the transistors 192 and 194 and the Zener diode
214 to the iransistor 216. When so controlled, the tran-
sistor 216 conducts to establish a voltage across the re-
sistor or voltage establishing impedance 226.

The terminals 228 and 230 are connected between the
upper and lower terminals respectively of the input 10,
so that base current flows through the transistor 278
which thereupon conducts to energize the voltage estab-
lishing resistor or impedance 286. The voltage established
by the impedance 286 with the transistor 278 conducting
is sufficient to breakover the four layer device 292 and
cause the primary winding 299 of the transformer 288
to be energized. The potential induced in the winding 300
causes gate current flow and renders the control rectifier
302 conducting. This causes an energizing current to the
trip coil 6 which thereupon releases the breaker trip and
the circuit breaker 4 opens to disconnect the network
branch 2 from the network 1.

In order to prevent any subsequent conduction of the
controlled rectifiers 246-252 and 250-254, the gate signals
thereto are shunted by the transistors 260 and 264 respec-
tively of the restraint squelch circuit 164. When the tran-
sistor 192 conducts, it energizes the terminal 262. This
causes base current to flow base to emitter in the transis-
tor 260 to thereby turn on the transistor 260 and effective-
ly connect the gates of the controlled rectifiers 246 and
252 to the negative bus 176 to which the rectifier cathodes
are connected. Therefore when the upper terminals of the
windings 146 and 154 become positive, the current caused
to flow thereby flows to the center terminal of the wind-
ings 146 and 154 through the transistor 260 rather than
through the gate circuits of the controlled rectifiers 246
and 252 as would otherwise occur. The transistor 264 is
similarly rendered conducting as a consequence of the
conduction of the transistor 194 to shunt the gate current
from the controlled rectifiers 250 and 254 to prevent their
being rendered nonconducting when the lower end ter-
minals of the windings 146 and 154 become positive with
respect to their midtaps.

When the breaker 4 opens the contacts “4a” thereof
will open the circuit throngh the rectifier 362. The open-
ing of the breaker 4 disconnects the network branch
from the network 1 and interrupts the fault current. The
logic network 22 will no longer indicate a faulted branch
2 and the trip coil actuating network 16 will become de-
energized.

Let us now suppose that the fault between the conduc-
tors 32 and 34 was not located intermediate the breaker
4 and the next subsequent breaker but was located be-
yond the next subsequent breaker or in zone 2. In such
event, and assuming only fault current flows in the con-
ductors 32 and 34 the magnitude of the currents Iy and
—1; as illustrated in FIG. 4 would be sufficiently small s0
that the summed quantity Ve; would be less than the
voltage Bg-o- which voltage, under these conditions, would
be greater. Vectorially the points B’ and A’ would be fur-
ther apart and nearer their respective unfaulted voltage
positions B and A, respectively. The direction of the out-
put vector Eg would be reversed as would that of
the vector Egg. The polarizing vector Epye would then
lead the operate vector Eqe with the results that the con-
trolled rectifier 246 and 250’ would connect the terminals
208 and 238 to the negative bus 176 and no base current
would flow to the transistor 216. The breaker would not
be unwantedly opened. The zone 2 apparatus, however,
has the terminal 64 connected to the “b” tap of the wind-
ing 60. This in effect reduces the magnitude of the volt-
ages Fga and Ecp with respect to the magnitude of the
quantities V¢; and Vg, Therefore the magnitude Eg:a of
the zone 2 fault is sufficiently reduced in magnitude rela-
tive to the quantity Vg; such that the operate vector Eoc
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will remain in the direction as shown in FIG. 4A. Com-
pensation may also be made by the adjustable windings of
the compensators 72 and 96.

In zone 3, the terminals 64 and 68 are connected to
the outer end taps “c” of the windings 60 and 90 and/or
the adjustment of the windings 82, 84, 98 and 100 may
be altered to provide for the still further reach of the zone
3 apparatus.

The zone 2 and zone 3 apparatuses actuate the ampli-
fying network 8 through time delay networks 314 and 316
while the zone 1 network 158 is instantaneous. There-
fore even though the zone 2 and zone 3 networks 18 and
20 are actuated by a fault in zone 1, they are ineffective to
actuate the amplifying network 8. If however, the fault
is beyond that zone 1 balance point of the illustrated relay
but is within its zone 2 (zone 1 of the relay at the next
control station) and the zone 1 relay at the next station
fails to open the breaker, then after the time delay of
the network 314, the faulted line network section will be
disconnected by the illustrated breaker 4. :

The connection of the current windings 82, 84, 98 and
100 of the compensators or summing devices 72 and 96 to
the conductors 44, 46 and 48 are shown as being adjust-
able in order to correlate further the magnitude of the
vectors I,, Ig, and Ig with respect to the current in the
conductors 32, 34 and 36. This adjusts the impedance bal-
ance points to which the distance logic networks 22, 24
and 26 are responsive.

FIG. 5 shows the vector quantities which exist when a
fault occurs between the conductors 34 and 36 within the
first zone. In this event, the voltage Ecg collapses to the
voltage Egra, the current I, is negligible with respect to
the currents Iz and Ie. The current Ig is equal and oppo-
site to the current Io as indicated in the vector diagram.
The compensating quantity is represented by the vector
Ve and the operate voltage applied to the terminals 74
and 76 is represented by the vector Eo. The currents I
and —Ig together with the phase shifting network 102 pro-
vide a compensating quantity Vs, which is added to the
potential Eg-ps provides a polarizing voltage Ep,, which
is in phase with the voltage E¢-p- and equal to the differ-
ence between the quantities represented by the vector
E¢-p and the vector V. This voltage is applied to the
transformer 142 and appears at the winding 146 as a
quantity represented by the vector Epgyc as shown in FIG.
5A. The voltage at the winding 144 of the transformer 140
is represented by the vector Egg. The vector Eqe leads the
polarizing vector Ep,c whereby the terminals 208, 238
will be raised in potential to supply base current to and
render the transistor 216 conducting. The voltage vector
Bps,c which leads the vector Eoc by less than 180° will
cause the controlled rectifiers 252 and 254 to conduct
but this is of course without effect since conduction of
the transistor 216 will occur due to the lagging of the
fault polarizing signal Epge.

FIG. 6 illustrates, vectorially, the operation of the
apparatus upon the occurrence of a fault between con-
ductors 32 and 36 within the first zone. In this event, cur-
rent I and I, are equal and opposite and current Ig is
substantially zero. The operate voltage Eq and polarizing
voltage Ep,, are supplied to the transformers 146 and
142. The output voltage of these transformers are illus-
trated in FIG. 6A as Egg and Ep,,c provide for operation
of the transistor 216. Tt will be noted that in the line 32
to line 36 fault, the angle of lead of the operate voltage
with respect to the polarizing voltage is small. The re-
straint squelch circuit 164 prevents subsequent actuation
of the controlled rectifiers 246 and 250 and a sufficient sig-
nal is provided to operate the amplifier 8 to trip the
breaker 4. .

FIG. 7, illustrates vectorially the relationships which
occur for a three-phase fault in which the conductors 32,
34 and 36 are shorted together and provide the voltage
triangle A’, B’ and C’. In the case of a three phase fault,
all three line currents I, Ig and Ig are present as fault
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Cufrents and each will be phased with respect to the three
phase voltage which exists between - the conductors 32,
34 and 36 and a neutral voltage at phase angle determined
by the impedance of the network branch 2. The summed
ifugntities Ig; and Igp are phase shifted by the network 86
and 102 and appear as compensating quantities V¢ and
Ves. These compensating quantities are added to the cor-
responding phase voltage quantities A’, B’ and C’ and pro-
vide operate and polarizing voltages Eocs Bpyyo and Epsyo
as illustrated in FIG. 7A. It will be obvious in this in-
stance that the polarizing voltage Ep,c leads the operate
voltage Ege. However, the polarizing voltage Epg,c pro-
vided by the three-phase fault polarizing signal network
56, is however, phased 90° ahead of the voltage Eg: 4. and
is in lagging relation with respect to the voltage Eqc
which enables the transistor 216 to be rendered conducting
to.actuate the amplifying network 8 for energization of the
trip coil 6 and opening of the breaker 4 as above described.

While back-to-back Zener diodes 148, 150 and 166 are
illustrated, it will be apparent that anti-parallel arranged
conventional diodes may be provided and enough thereof
connected in series so that the forward drop in each direc-
tion is equal to the desired magnitude of voltage for appli-
cation to the primary winding of the transformers 140, 142
and 152. It will be. apparent that the magnitudes of the
output voltages of the transformers 140, 142 and 152 is not
important providing they are sufficient to trigger the vari-
ous semiconducting devices. It is the phasing of these
quantities which acutally performs the controlling opera-
tion. ‘

. Although the invention has been described with refer-
ence to a single embodiment thereof, numerous modi-
fications are possible and it is desired to cover all modi-
fications falling within the spirit and scope of the inven-
tion.

What is claimed and is desired to be secured by United
States Letters Patent is as follows;

1. In a relaying system for a three phase network, a
first plurality of input terminals supplying a three phase
electrical quantity which is proportional to the potential
of a three phase network from which said first terminals
are energized, a second plurality of input terminals sup-
plying a three phase electrical quantity which is propor-
tional to the current flowing in a three phase network from
which said second terminals are energized, first and second
and third pairs of output terminals, first and second com-
pensators, each said compensator including input means
and output means and effective to energize its said output
means with a compensating vector quantity which is the
vector sum of electrical quantities supplied to its said input
means, each said compensator further including means to
shift the phase of its said compensating vector quantity
with respect to said vector sum of said electrical quantities
supplied thereto, first circuit means connecting a first pair
of said first input terminals to said first pair of output
terminals and including said output means of said first
compensator whereby said first pair of output terminals is
energized by the vector sum of the said quantities which
are supplied to said first circuit means by said first pair of
input terminals and said first compensator, a second cir-
cuit means connecting a second pair of said first input ter-
minals to said second pair of output terminals and includ-
ing said output means of said second compensator where-
by said second pair of output terminals are energized by
the vector sum of the said quantities which are supplied to
said second circuit means by said second pair of input ter-
minals and said second compensator, a phase shifting cir-
cuit, a third circuit means connecting said first pair of
input ferminals to said third pair of output terminals and
including said phase shifting circuit whereby the phase
of ‘the said quantity which is supplied to said third pair of
output terminals may be phase shifted with respect to the
phase ‘of the said quantity supplied to said third circuit
means from said first pair of input terminals, means con-
necting said input means of said first compensator to a
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first group of terminals of said second plurality of tef-
minals to supply a first current compensating quantity to
said first compensator which is representative of the dif-
ference between a first phase quantity and a second phase
quantity of said three phase quantity supplied by said
second plurality of input terminals, means connecting said
input means of said second compensator to a second group
of terminals of said second plurality of terminals to sup-
ply a second current compensating quantity to said sec-
ond compensator which is representative of the difference
between two phase quantities of said three phase quantity
supplied by said second plurality of input terminals, and
a phase sensitive control circuit connected to said pairs of
output terminals and effective when the phase of said
quantity of a predetermined pair of said output terminals
is leading in phase relationship with the phase of either
of said quantities of the other two of said pairs of said
output terminals.

2. The combination of claim 1 in which both said plu-
rality of input terminals are supplied from the same three
phase network, said first pair of said first plurality of in-
put terminals being energized by a first phase of said three
phase network, each said groups having first and second
pairs of terminals, a first pair of terminals of said first
group of terminals being energized by said first phase of
said three phase network, said predetermined pair of said
output terminals being energized by said first phase of said
three phase network, said second pair of said first plurality
of input terminals being energized by a second phase of
said three phase network a first pair of terminals of said
second group of terminals being energized by said second
phase of said three phase network, said second pairs of
terminals of said first and second groups of terminals be-
ing energized by a third phase of said three phase network.

3. The combination of claim 2 in which the phase ro-
tation of said network is phase first and phase third and
phase second and in which the phase angle of said current
quantities with respect to their respective voltage quantities
of said first pair of terminals of said first and second groups
of terminal groups is not greater than ninety degrees, said
voltage quantities being derived from said first and second
pairs of said first plurality of input terminals respectively.

4. In a relaying system for a three phase network hav-
ing conductors, means adapted to be connected to said
network to derive therefrom first and second electrical volt-
age originated quantities representing the voltages between
a second and a first of said conductors and between 2 third
and said second of said conductors, means adapted to be
connected to said network to derive therefrom third and
fourth and fifth current originated electrical quantities
representing the current in said first and said second and
said third conductors respectively, said current quantities
being considered positive when the phase angle thereof
relative to the voltages which causes said respective cur-
rent quantity is not in excess of 90 degrees and negative
when such phase angle is greater than 90 degrees, first and
second and third control output circuits, first circuit means
vectorially supplying to said first output circuit said first
quantity and said third quantity and said fourth quantity,
said fourth quantity being in the negative direction and
said third quantity being in the positive direction, second
circuit means vectorially supplying to said second output
circuit and said second quantity and said fourth quantity
and said fifth quantity, said fourth quantity being in the
negative direction and said fifth quantity being in the posi-
tive direction, and third circuit means supplying a sixth
electrical quantity to said third output circuit, said sixth
quantity being representative of an alternating voltage of
the same frequency as that of said network and phased to
lead said first quantity. -

5. In a relaying system for a three phase network hav-
ing conductors, means adapted to be connected to said
network to derive therefrom first and second electrical
voltage originated quantities representing the voltages be-
tween a second and a first of said conductors and between
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a third of said conductors and said second conductor,
means adapted to be connected to said network to derive
therefrom third and fourth and fifth current originated
electrical quantities representing the current in said first
and said second and said third conductors respectively,
said current originated quantities being considered positive
when the phase angle thereof relative to the voltages which
cause said respective current quantity is not in excess of 90
degrees and negative when such phase angle is greater
than 90 degrees, first and second and third control output
circuits, first circuit means vectorially supplying to said
first output circuit said first quantity and said third quan-
tity and said fourth quantity, said fourth quantity being
in the negative direction and said third quantity being in
the positive direction, second circuit means vectorially sup-
plying to said second output circuit said second quantity
and said fourth quantity and said fifth quantity, said fourth
quantity being in the negative direction and said fifth
quantity being in the positive direction, and third circuit
means supplying said first quantity to said third output
circuit, said third circuit means including said phase shift-
ing means for shifting the phase of said first guantity
which is supplied to said third output circuit in a direction
to lead the phase of said first quantity which is supplied
to said first circuit means.

6. The combination of claim 5 in which there are pro-
vided first and second and third transformers, each said
transformer having a primary winding and a secondary
winding, said first and second and third output circuits be-
ing individually connected across said primary windings
of said first and said second and said third transformers
respectively, and a plurality of impedance means, individ-
ual one of said impedance means being connected in shunt
with an individual one of said windings of each of said
transformers, each said impedance means being character-
ized by the part that it will maintain a substantially con-
stant voltage of predetermined magnitude thereacross in
either polarity when energized with a voltage having a
magnitude in excess of said predetermined magnitude,
said predetermined magnitude being substantially less than
the magnitude of the output quantities of said output cir-
cuits, and said transformers being of the non-saturating
type whereby substantially square output voltage waves
aTe obtained from said secondary windings.

7. The combination of claim 6 in which there is pro-
v'ided at least one switching circuit, each said switching
circuit comprising first and second and third switches
and first and second impedance devices, each said switch
having a main circuit and a control circuit, said first
switch being of the continuous control type in which its
said control circut is operable to initiate and terminate
current flow through its said main circuit, said second
and third switches being of the discontinuous control type
in which their said control circuits merely control the
initiation of current flow through their respective said

" main circuits and current therethrough is terminated by
other means, each said switching circuit being arranged
with its said first impedance device connected in series
with and intermediate said main circuits of its said first
and second switches and being arranged with its said
second impedance device connected in series with an in-
termediate said main circuits of its said first and third
switches, means individually connecting said control cir-
cuits of said first and said second and said third switches
to said secondary windings of said first and said second

and said third transformers respectively, 2 load circuit, -

and means connecting said load circuit in shunt circuit
with at least one said main eircuit of said second and
said third switches.

8. In a relaying system for a three phase network
having a normal phase rotation such that the first and sec-
ond and third conductors thereof reach their maximum
voltages in the order mentioned, potential means for as-
sociation with said network for obtaining therefrom first
and second potential derived electrical quantities repre-

<

15

20

25

30

45

50

55

60

65

70

75

16
sentative of the first and third phase voltages of said
network which appear between said second and first con-
ductors and between said third and second conductors
respectively, current means for association with said net-
work for obtaining therefrom third and fourth and fifth
current derived electrical quantities representative of the
first and second and third phase currents which flow in
said first and second and third conductors tespectively,
said current and potential quantities being considered as
being in a positive direction when the phase of such
quantities is the same as the phase of the corresponding
current and voltage in said network when power flows
through said network in a predetermined direction, said
quantities being considered as being in a negative direc-
tion when the phase thereof is reversed from said posi-
tive quantity, first and second summing networks each
said summing network having input and output connec-
tions and phase shifting means, each said summing net-
work being effective to deliver to its said output connec-
tion an output quantity which has a phase angle deter-
mined by the vector sum of the electrical quantities sup-
plied to its said input connections and the magnitude of
phase shift of its said phase shifting means, means de-
livering to said input connection of said first summing
network said first and third quantities in their said posi-
tive directions and said fourth quantity in its said nega-
tive direction, means delivering to said input connections
of said second summing network said second and fourth
quantities in their said positive directions and said fourth
quantity in its said negative direction, each said phase
shifting means being operable to phase shift the vector
sum of the electrical quantities supplied to the said input
connections of its respective said sumining network by
an angle equal to the impedance angle of said three phase
network, a phase shifting apparatus having input termi-
nals and output terminals and being operable to phase
shift an electrical quantity applied to its input terminals
by a desired angle, and means energizing said input termi-
nals of said phase shifting apparatus by said first electrical
quantity, said phase shifting apparatus being effective to
phase shift said first quantity such that the quantity of its
sajd output terminals leads the voltage of the first phase
of said three phase network by substantially 90 degrees.

9. The combination of claim 8 in which there is pro-
vided a load controlling network characterized by the
fact that it is actuated when the phase of a first of three
alternating voltages applied thereto is leading in phase
with respect to either of the second and third of said
voltages and is ineffective when said first voltage lags
both of said second and said third voltages, said circuit
means energizing said load controlling network from
said summing networks and said phase shifting apparatus,
the output quantity of said first summing network being
said first voltage. )

10. The combination of claim 8 in which there is
provided a pair of load controlling circuits, each said
circujt including a phase responsive control means, each
said phase responsive control means including first and
second input connections and an output circuit and char-
acterized by the fact that when the phase of a pulsating
electrical quantity applied to its said first input connec-
tion is leading in phase with respect to the phase of a
pulsating electrical quantity applied to its said second
input connection its said output circuit is rendered effec-
tive and when the phase of a pulsating electrical quantity
applied to its said second input conmection is leading
with respect to the phase of a pulsating electrical quantity
applied to its said first input connection its said output
circuit is held ineffective, means connecting said first in-
put connection of each of said phase responsive control
means to said output connection of said first summing
network, means connecting said second input connection
of a first of said phase responsive control means to said
output connection of said second summing network, and
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riedrs connecting said second input connection of the
second of said phase responsive control means to said
output terminals of said phase shifting apparatus,

11. In combination, a transmission line having first
and second and third conductors energized from a poly-
phase alternating potential source for transmitting elec-
trical energy in a predetermined direction, the energiza-
tion of said conductors normally being such that a first
voltage between said second and said first conductors
may be represented by a positive first potential vector,
that a second voltage between said third and said sec-
ond conductors may be represented by a positive second
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potential vector lagging said first vector by 120 electrical .

degrees and that a third voltage between said first and
said third conductors may be represented by a positive
third potential vector lagging said second vector by 120
electrical degrees, the current in said first and second
and third conductors being representable by positive
fourth and fifth and sixth current vectors having a phase
angle of not over ninety degrees from the said first and
second and third vectors respectively when said energy is
flowing in said predetermined direction, first and second
and third pairs of control terminals, each said pair of
contyol terminals having a first and second terminal, po-
tential energized means operatively connected to said
transmission line and deriving therefrom first and third
alternating electrical quantities of a fixed phase angle with
respect to said first and third vectors, said first and third
quantities being in phase when the phase angle thereof
is said fixed angle with respect to said first and third
voltages respectively and being out-of-phase when the
phase angle thereof is 180° from said fixed angle, cur-
rent energized means deriving from said transmission
line fourth and fifth and sixth alternating electrical quan-
tities of a predetermined phase angle with respect to said
fourth and fifth and sixth vectors respectively, said fourth
and fifth and sixth quantities -being in phase when the
phase angle thereof with respect to said currents in said
first and second and third conductors respectively is said
predetermined angle and being.out of phase when the
phase angle thereby is 180° from said predetermined
angle, first and second summing devices, each said
summing device having first and second pairs of input
terminals and first and second output terminals, and
means for vectorially summing the alternating quantities
applied to its said pairs of input terminals to produce a
first summed quantity, each said summing device further
having means including phase shifting apparatus for sup-
plying said first summed quantity to its said output ter-
minals as a compensating quantity phase shifted from
the phase of said first summed quantity, first and second
and third potential quantity terminals, means applying
said first quantity between said second and said first po-
tential quantity terminals and applying said third quan-
tity between said third and said second potential quantity
terminals whereby the angles between the vector which
represent said potential quantities at said potential quan-
tity terminals is the same as the angle between the vectors
representing the voltages from which said first and third
potential quantities are derived, circuit means connect-
ing said first potential quantity terminal to a first termi-
nal of said first pair of control terminals through said
output terminals of said first summing device, circuit
means connecting said second potential quantity terminal
to the second terminal of said first pair of control termi-
nals whereby said first pair of control terminals is ener-

gized with a first alternating control quantity which is .

the vector sum of said inphase component of said first
quantity and said compensating quantity of said first
summing device, means connecting said current energized
means - to said pairs of input terminals of said first
summing device for energization of said-first pair thereof
with the inphase component of said fourth quantity and
for energization of said second pair thereof with the
out-of-phase component of said fifth quantity, circuit
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means connecting said second potential quantity terminal
to a first terminal of said second pair of control terminals,
circnit means connecting said third potential quantity ter-
minal to the second terminal of said second pair of con-
trol terminals through said output terminals of said sec-
ond summing device whereby said second pair of input
terminals is energized with a second alternating control
quantity which is the vector sum of said inphase compo-
nent of said third quantity and said compensating quantity
of said second summing device, means connecting said
current energized means to said pairs of input terminals
of said second summing device for energization of said
first pair thereof with the inphase component of said
sixth quantity and for energization of said second pair
thereof with the out-of-phase component of said fifth
quantity, circuit means connecting said first potential
quantity to said third pair of control terminals and in-
cluding phase shifting means for shifting the phase of the
quantity at said third pair of control terminals such
that the vector representation of said last named quantity
when taken in a direction from a first to a second termi-
nal of said third pair of control terminals is leading with
respect to said first quantity, and breaker trip means con-
nected to said pairs of control terminals, said trip means
being rendered effective to trip a breaker whenever the
phase of the quantity between said first and second termi-
nals of said first pair of contact terminals is leading with
respect to the quantity between said first and second
terminals of at least one of said second and said third
pairs of control terminals. )

12. In a relaying system, a first input generating net-
work having a first input connection and a second input
connection and an output connection, said network in-
cluding means to energize said output connection with an
output electrical quantity in response to the application
of electrical input quantities to said input connections and
to phase said output quantity with respect to one of said
input quantities as a function of the relative phasing of
said input quantities, a second signal generating network
having at least one input connection for energization with
an input electrical quantity and an output connection, said
second network including means to energize its said out-
put connection with an output quantity of a phase de-
termined at least in part by the said input quantity which
is supplied to said input connection of said second net-
work, a pair of output terminals, a pair of power supply
terminals, a switching network connecting said pairs of
terminals and having first and second operating conditions
in which said supply terminals are effective to cause en-
ergization and de-energization of said output terminals re-
spectively, means operatively connecting said switching
network to said output connection of one of said gen-
erating networks for transferring said switching network
from its said second to its said first condition in accord-
ance with the phase of said output quantity of said one
generating network, said switching network having a
third operating condition in which said switching network
is rendered ineffective to energize its said output terminals
in response to said one generating network, and means
operatively connecting said switching network to the other
of said generating networks whereby said other network is
effective to place said switching network in its said third
condition.

13. The combination of claim 12 in which said switch-
ing network is rendered in its said third condition solely
when the phase angle between said output quantities when
taken with respect to a given one of said output quantities
lies within a given phase quadrant.

14. In a relaying system, first and second signal gen-
erators, providing first and second pulsating electrical
output quantities at first and second output connections
respectively in response to the application of input quanti-
ties applied to said generators, said generators including
means to phase the pulse of said .output quantity of one
of said generators in leading and lagging time relation
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with respect to the other of said generafors in response
to a change in the relative phases of said input quantities,
a pair of output terminals, a switching network connected
to said terminals and having first and second input con-
nections, means connecting said first input connection to
said first output connection, means connecting said sec-
ond input connection to said second output connection,
said switching network including means to energize said
output terminals solely when the phase of said output
quantity. of said one generator is phased in one of said
time relations and ineffective to energize said output
terminals when the phase of said output quantity of said
one generator is phased in the other of said time relations.

15. The combination of claim 14 in which said switch-
ing network is provided with means energized in timed
relation with said output terminals and effective to render
said switching network ineffective to deenergize said out-
put terminals throughout the pulse period of the leading
one of said electrical quantities when said phase is in said
one time relation.

16. The combination of claim 14 in which there is
provided a normally conductive shunting circuit con-
nected between said output terminals fo prevent energiza-
tion thereof by said switching network, and means re-
sponsive to the energized condition of said other gen-
erator.

17. In a relaying system, an operate signal generator,
a polarizing signal generator, each said generator pro-
viding spaced pulse-like electrical output quantities in
response to alternating electrical quantities supplied
thereto, a pair of input terminals, a pair of output ter-
minals, first and second and third electric switches each
gaid switch having a main circuit and a control circuit for
controlling at least the initiation of current flow through
its said main circuit, first means interconnecting said in-
put terminals and including in series connection said main
circuit of said first switch and said load terminals, means
connecting said control circuit of said first switch to said
operate generator for rendering conductive said main cir-
cuit of said first switch by said output quantity of said
operate generator, second means interconnecting said in-
put terminals and including said main circuit of said sec-
ond switch, means connecting said control circuit of said
second switch to said polarizing generator for rendering
conductive said main circujt of said second switch by
said output quantity of said polarizing generator, said sec-
ond means having an impedance which is sufficiently low
whereby the voltage drop thereacross, when said main cir-
cuit of second switch is conducting, is insufficient to pro-
vide a useable potential across said load terminals when
said main circuit of said second switch is conductive, a
third means connected in shunt with said control circuit
of said second switch and including said main circuit of
said third switch whereby said polarizing generator is in-
effective to energize said control circuit of said second
switch when said main circuit of said third switch is con-
ductive, and means connecting said control circuit of said
third switch to said main circuit of said first switch where-
by conduction of said main circuit of said first switch
initiates conduction of said main circuit of said third
switch.

18. In a relaying system, an operate signal generator,
a polarizing signal generator, said signal generators hav-
ing input means adapted to be energized by alternating
input quantities, each said generator having output con-
nections energized with an alternating output quantity as
a consequence of the energization of its said input means,
the phase relationship of said output quantities being de-
termined by the phase relationship of said input quanti-
ties, first and second impedance devices connected to said
operate and said polarizing generators respectively for
energization by said output quantities, each said device
having first and second end terminals and an intermediate
terminal, a pair of input terminals, a pair of load termi-
nals, circuit means connecting a first of said input ter-
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control circuit, means connecting the second of said input
terminals to the second of said output terminals and in-
cluding said main circuits of a first and of a second of
said switches, said main circuits of said first and second
switches being connected in parallel, means connecting
said second output terminal to said first output terminal
and including said main circuits of a third and of a
fourth of said switches, said main circuits of said third
and of said fourth switches being connected in parallel,
means connecting said control circuits of said first and
and of said second switches between said intermediate
terminal and said first end terminal and between said
intermediate terminal and said second end terminal of
said first impedance device respectively whereby said main
circuits of said first and second switches are sequentially
rendered conducting in alternate relationship by said op-
erate generator, means connecting said control circuits of
said third and of said fourth switches between said in-
termediate terminal and said first end terminal and be-
tween said intermediate terminal and said second end
terminal of said second impedance device respectively
whereby said main circuits of said third and fourth switch-
es are sequentiaily rendered conducting in alternate rela-
tionship by said polarizing generator.

19. In a relaying system, an operate signal generator,
a polarizing signal generator, said signal generators hav-
ing input means adapted to be energized by alternating
input quantities, each said generator having output con-
nections energized with an alternating output quantity
as a consequence of the energization of its said input
means, the phase relationship of said output quantities
being determined by the phase relationship of said input
quantities, first and second impedance devices connected
to said operate and said polarizing generators respectively
for energization by said output quantities, each said de-
vice having first and second end terminals and an inter-
mediate terminal, a pair of input terminals, a pair of
load terminals, circuit means connecting a first of said
input terminals to a first of said output terminals a plu-
rality of switches, each said switch having a main circuit
and a control circuit, means connecting the second of said
input terminals to the second of said output terminals
and including said main circuits of a first and of a second
of said switches, said main circuits of said first and sec-
ond switches being connected in parallel, means connect-
ing said second output terminal to said first output ter-
minal and including said main circuits of a third and of
a fourth of said switches, said main circuits of said third
and of said fourth switches being connected in parallel],
means connecting said control circuits of said first and of
said second switches between said intermediate -terminal
and said first end terminal and between said intermediate
terminal and said second end terminal of said first im-
pedance device respectively whereby said main circuits of
said- first and second switches are sequentially rendered
conducting in alternate relationship by said operate gen-
erator, means connecting said control circuits of said
third and of said fourth switches between said intermedi-
ate terminal and said first end terminal and between said
intermediate terminal and said second end terminal of
said second impedance device respectively whereby said
main circuits of said third and fourth switches are se-
quentially rendered conducting in alternate relationship
by said polarizing generator, means connected to said
control circuits of said third and of said fourth switches
and including said main circuits of a fifth and of a sixth
of said switches, means connecting said control circuits
of said fifth and of said sixth switches to said main cir-
cuits of said first and of said second switches respectively,
said fifth and said sixth switches being effective as a con-
sequence of the conduction of said main circuits of said
first and of said second switch to render said polarizing
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generator ineffective to render conductive said main cir-
cuits of said third and of said fourth switches.

20. The combination of claim 19 in which said main
circuit of a sixth of said switches is connected between
said output terminals and said control circuit of said
sixth switch is operatively connected to said polarizing
generator, said main circuit of said sixth switch being
normally conductive to prevent energization of said load
terminals in the absence of an output signal from said
polarizing generator and being rendered non-conductive
by said output quantity of said polarizing generator.

21. In a network, first and second alternating polarity
electrical quantity sources, a unidirectional directional
potential source, a load, a plurality of electric valves,
each said valve having a main circuit and a control cir-
cuit, first circuit means connecting said load to said uni-
directional source and including said main circuit of a
first of said valves, means connecting said control circuit
of said first valve to said first alternating source whereby
said main circuit of said first valve is periodically rendered
conducting in timed relation to the alternations of said
alternating quantity of said first source, means connecting
said main circuit of a second of said valves in series cir-
cuit with said main circuit of said first valve and in shunt
with said load, means connecting said control circuit
of said second valve to said second alternating source
whereby said main circuit of said second valve is period-
ically rendered conducting in timed relation to the alter-
nations of said alternating quantity of said second source,
means connecting said main circuit of a third of said
valves in said first circuit means, said third valve being
effective in a first condition to render said first valve in-
effective to energize said load and effective in a second
condition to render said first and second valves effective
to control the energization of said load, means connect-
ing said control circuit of said third valve to said second
source whereby said third valve is held in its said first
condition in the absence of said electrical quantity of
said second source and held in its said second condition
in the presence of said electrical quantity of said second
source, means limiting the current flow through said main
circuit of said first valve.

22. The combination of claim 21 in which there is a
fourth of said valves, means connecting said main circnit
of said fourth valve to said control circuit of said second
valve, said fourth valve being effective in a first condition
to render said control circuit of said second valve effective
to.respond to said alternating quantity of said second
source, said fourth valve being effective in a second con-
dition to render said control circuit of said second valve
ineffective to respond to said alternating quantity of said
second source, and means connecting said control circuit
of said fourth valve to said first valve whereby said fourth
valve is transferred from its said first to its said second
condition in timed relation to the rendering of said main
circuit of said first valve conductive.

23. The combination of claim 21 in which there is a
fourth of said valves, means connecting said main circuit
of said fourth valve to said control circuit of said second
valve, said fourth valve being effective in a first condition
to render said control circuit of said second valve effective
to respond to said alternating quantity of said second
source, said fourth valve being effective in a second con-
dition to render said control circuit of said second valve
ineffective to respond to said alternating quantity of said
second source,. and means connecting said control circnit
of said fourth valve to said first valve whereby said fourth
valve is transferred from its said first to its said second
condition in timed relation to the rendering said main
circuit of said first valve conductive, at least said first
valve being of the continuous control type in which cur-
rent flow through its said main circuit is interrupted as
well as initiated by its said control circuit, at least said
second valve being of the discontinuous control type in
which the initiation of current flow through its said main

10

15

20

25

30

35

40

45

50

85

60

65

70

(6

22
circuit is controlled by its said control circuit but:its said
control circuit is ineffective to interrupt current flow
through its said main circuit.

24. In a network, first and second alternating polarity
electrical quantity sources, a unidirectional directional
potential source, a load, a plurality of electric valves, each
said valve having a main circuit and a control circuit,
first circuit means connecting said load to said unidirec-
tional -source and including said main circuit of a first
of said valves, means connecting said control circuit of
said first valve to said first alternating source whereby
said main circuit of said first valve is periodically ren-
dered conducting in timed relation to the alternations of
said alternating quantity of said first source, means con-
necting said main circuit of a second of said valves in
§er1'es circuit with said main circuit of said first valve and
in shunt with said load, means connecting said control
circuit of said second valve to said second alternating
source whereby said main circuit of said second valve
18 periodically rendered conducting in timed relation to
the alternations of said alternating quantity of said sec-
oqd source, a third of said valves, means connecting
said main circuit of said third valve to said control circuijt
of said second valve, said third valve being effective in
a first condition to render said control circuit of said sec-
ond \(alve effective to respond to sajid alternating quantity
of said second source, said third valve being effective in
a second condition to render said control circuit of said
second valve ineffective to respond to . said alternating
quantity of said second source, and means connecting
said control circuit of said third valve to said first valve
whereby said third valve is transferred from its said first
to i‘ts said second condition in timed relation to the ren-
dering of said main circuit of said first valve conductive.

25.‘ In an apparatus for use in protecting a three phase
eIec.trlcal transmission line, first and second and third po-
tential supplying terminals adapted to be engaged with
a potential device respectively from the first and second
and third line conductors of said transmission line and
proportioned to the said line potentials first and second
ar}d third current supply circuits adapted to be ‘energized
with a current derived respectively from the first and sec-
ond and third line conductors of said transmission line and
proportioned to the said line currents, an operate signal
generator having input terminals and output terminals and
a ﬁrs_t signal forming network interconnecting its said input
terminals to its said output terminals, said signal network
comprising a mutual inductance device having a first wind-
ng connected between one of said input terminals and one
of said output terminals and additional winding means,
said additional winding means being connected to said
ﬁrst and second current supply circuits to energize said
inductance device with a current quantity equal to the

.difference in the current magnitudes in said first and said

second current supply circuits, an electrical conducting
path connecting the other of said input terminals to the
other of said output terminals, a transformer having a first
winding connected between said output terminals and a
second winding having end terminals and an intermediate
terminal, means connecting said input terminals of said
generator to said first and said second potential supply-
ing terminals, first and second switch devices each said de-
vice having a main circuit and a control circuit for initiat-
ing and terminating current flow through its associated
said main circuit, a pair of direct potential energized
buses, an output circuit, first and second impedance de-
vices, each said impedance device having first and sec-
ond terminals, means connecting said first terminal of
said first impedance device to one of said buses and in-
cluding said main circuit of said first valve, means con-
necting said first terminal, said second impedance device
to said one bus and including said main circuit of said
second valve, means connecting said second terminals of
said impedance devices through said output circuit to the
other of said buses, means connecting said control cir-
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cuit of said first valve between said intermediate terminal
and one of said end terminals and connecting said con-
trol circuit of said second valve between said interme-
diate terminal and the other of said end terminals whereby
said first and second valves are rendered conducting in
alternating relation, a first polarizing signal generator
having a pair of input terminals connected to a pair of
output terminals through a phase shifting circuit and a
resonant circuit, said resonant circuit including capacitive
and inductive reactance tuned to resonate at the frequency
of said protected three phase line, means connecting said
output terminals of said polarizing generator to said first
and said second potential supplying terminals, a second
transformer having a primary winding connected to said
output terminals of said polarizing generator and a sec-
ondary winding having end terminals and an intermediate
terminal, third and fourth switch devices, each said third
and fourth switch devices being a main circuit and a con-
trol circuit for initiating current flow through its said
main circuit, means connecting said control circuit of
said third valve between said intermediate terminal and
one of said end terminals of said secondary winding of
said second transformer and connecting said control cir-
cuit of said fourth valve between said intermediate ter-
minal and the other of said end terminals of said sec-
ondary winding of said second transformer, circuit means
connecting said first terminal of said first impedance de-
vice to said other bus and including said main circuit of
said third valve, and circuit means connecting said first
terminal of said second impedance device to said other
bus and including said main circuit of said fourth valve.

26. In an apparatus for use in protecting a three phase
electrical transmission line, first and second and third po-
tential supplying terminals adapted to be engaged with a
potential device respectively from the first and second
and third line conductors of said transmission line
and proportioned to the said line potentials first and
second and third current supply circuits adapted to be
energized with a current derived respectively fiom the first
and second and third line conductors of said transmission
fine and proportioned to the said line currents, an operate
signal generator having input terminals and output ter-
minals and a first signal forming network interconnecting
its said input terminals to its said output terminals, said
signal network comprising a mutual inductance. device
having a first winding connected between one of said in-
put terminals and one of said output terminals and ad-
ditional winding means, said additional winding means
being connected to said first and second current supply
circuits to energize said inductance device with a cur-
rent quantity equal to the difference in the current magni-
tudes in said first -and said second current supply circuits,
an electrical conducting path connecting the other of said
input terminals to the othier of said output terminals, a
transformer having a first winding connected between said
output terminals and 2 second winding having end ter-
minals and an intermediate terminal, means connecting
said input terminals of said generator to said first and said
second potential supplying terminals, first and second
switch devices each said device having a main circuit and
a control circuit for initiating and terminating current
fiow through its associated said main circuit, a pair of
direct potential energized buses, an output circuit, first
and second impedance devices, each said impedance de-
vice having first and second terminals, means connecting
said first terminal of said first impedance device to one of
said buses and including said main circuit of said first
valve, means connécting sajd first terminal, said second
impedance device to said one bus and including said main
circuit of said second valve, means ‘connecting said sec-
ond terminals of said impedance devices through said
output circuit to the other of said buses, means connecting
said control circuit of said first valve between said inter-
mediate terminal and one of said end terminals and con-
necting said control circuit of said second valve ‘between
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said intermediate terminal and the other of said end ter-
minals whereby said first and second valves are rendered
conducting in alternating relation, a first polarizing signal
generator having a pair of input terminals connected to
a pair of output terminals through a phase shifting cir-
cuit and a resonant circuit, said resonant circuit includ-
ing capacitive and inductive reactance tuned to resonate
at the frequency of said protected three phase line, means
connecting said output terminals of said polarizing genera-
tor to said first and said second potential supplying ter-
minals, a second transformer having a primary winding
connected to said output terminals of said polarizing gen-
erator and a secondary winding having end terminals
and an intermediate terminal, third and fourth switch
devices, each said third and fourth switch devices being
a main circuit and a control circuit for initiating cur-
rent flow through its said main circuit, means connecting
said control circuit of said third valve between said in-
termediate terminal and one of said end terminals of said
secondary winding of said second transformer and con-
necting said control circuit of said fourth valve between
said intermediate terminal and the other of said end ter-
minals of said secondary winding of said second trans-
former, circuit means connecting said first terminal of
said first impedance device to said other bus and including
said main circuit of said third valve, and circuit means
connecting said first terminal of said second impedance
device to said other bus and including said main circuit
of said fourth valve, a fifth value having a main circuit
for initiating current flow through its said main circuit,
circuit means connecting said main circuit of said fifth
value in shunt with said output circuit, and circuit means
connected to said contact circuit of said fifth valve and to
a pair of said potential supplying terminals, said last
named circuit means including means for maintaining said
main circuit of said fifth valve nonconducting when said
pair of potential supplying terminals are energized.

27. In an apparatus for use in protecting a three phase
electrical transmission line, first and second and third po-
tential supplying terminals adapted to be engaged with a
potential device respectively from the first and second
and third line conductors of said transmission line and
proportioned to the said line potentials first and second
and third current supply circuits adapted to be energized
with a current derived respectively from the first and sec-
ond and third line conductors of said transmission line
and proportioned to the said line currents, an operate
signal generator having input terminals and output ter-
minals and a first signal forming network interconnecting
its said input terminals to its said output terminals, said
signal network comprising 2 mutual inductance device
having a first winding connected between one of said in-
put terminals and one of said output terminals and ad-
ditional winding means, said additional winding means
being connected to said first and second current supply
circnits to energize said inductance device with a cur-
rent quantity equal to the difference in the current magni-
tudes in said first and said second current supply circuits,
an electrical conducting path connecting the other of said
input terminals to the other of said output terminals, 2
transformer having a first winding connected between
said output terminals and a second winding having end
terminals and an intermediate terminal, means connecting
said input terminals of said generator to said first and
said second potential supplying terminals, first and second
switch devices each said device having a main circuit and
a control circuit for initiating and terminating current
flow through its associated said main circuit, a pair of
direct potential energized ‘buses, an output circuit, first
and second impedance devices, each said impedance de-
vice having first and second terminals, means connecting
said first terminal of said first impedance device to one
of said buses and including said main circuit of said first
valve, means connecting said first terminal, said second
impedance device to said one bus and including said main



3,339,115

25

circuit of said second valve, means connecting said sec-
ond terminals of said impedance devices through said
output circuit to the other of said buses, means connect-
ing said control circuit of said first valve between said in-
termediate terminal and one of said end terminals and con-
necting said control circuit of said second valve between
said intermediate terminal and the other of said end ter-
minals whereby said first and second valves are rendered
conducting in alternating relation, a first polarizing signal
generator having a pair of input terminals connected to
a pair of output terminals through a phase shifting cir-
cuit and a resonant circuit, said resonant circuit including
capacitive ‘and inductive teactance tuned to resonate at
the frequency of said protected three phase line, means
connecting said output terminals of said polarizing gen-
erator to said first and second potential supplying ter-
minals, a second transformer having a primary winding
connected to said output terminals of said polarizing gen-
erator and a secondary winding having end terminals and
an intermediate terminal, third and fourth switch devices,
each said third and fourth switch devices being a main
circuit and a control circuit for initiating current flow
through its said main circuit, means connecting said con-
trol circuit of said third valve between said intermediate
terminal and one of said end terminals of said secondary
. winding of said second transformer and connecting said
control circuit of said fourth valve between said interme-
diate terminal and the other of said end terminals of said
secondary winding of said second transformer, circuit
means connecting said first terminal of said first imped-
ance device to said other bus and including said main cir-
cuit of said third valve, and circvit means connecting said
first terminal of said second impedance device to said
other bus and including said main circuit of said fourth
valve, a second polarizing generator having input ter-
minals and output terminals and a second signal forming
interconnecting its said input terminals to its said output
terminals, said second signal forming networks compris-
ing a second mutual inductance device having a first
winding connected between one of said input terminals
and one of said output terminals of said second polarizing
generator and additional winding means, said additional
winding means being connected to said second and said
third current supplying circuits to energize said second
mutual inductance device with a current quantity equal
to the difference in the current magnitude in said sec-
ond and said third current supply circuits, an electrical
conducting path connecting the other of said input ter-
minals of said second polarizing generator to the other
of said output terminals of said second polarizing gen-
erator, a third transformer having a primary winding con-
nected between said output terminals of said second
polarizing generator and a secondary winding having end
terminals and an intermediate terminal, a fifth and a sixth
valve, each said fifth and said sixth valve having a main
circuit and a contact circuit for initiating the flow of cur-
rent through its said main circuit, circuit means connect-
ing said second terminal of said first impedance to said
other bus and including said main circuit of said fourth
valve, circuit means connecting said second terminal of
said second impedance to said other bus and including
said main circuit of said fifth valve, means connecting said
control circuit of said fourth valve between said inter-
mediate terminal and one of said end terminals of said
secondary winding of said third transformer, means con-
necting said control circuit of said sixth valve between
said intermediate terminal and the other of said end ter-
minals of said secondary winding of said. third trans-
former.

28. In an apparatus for use in protecting a three phase
electrical transmission line, first and second and third
potential supplying terminals adapted to be engaged with
a potential device respectively from the first and second
and third line conductors of said transmission line and
proportioned to the said line potentials first and second
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and third current supply circuits adapted to be energized
with a current derived respectively from the first and sec-
ond and third line conductors of said transmission line
and proportioned to the said line currents, an operate
signal generator having input terminals and output termi-
nals and a first signal forming network interconnecting
its said input terminals to its said output terminals, said
signal network comprising a mutual inductance device
having a first winding connected between one of said in-
put terminals and one of said output terminals and addi-
tional winding means, said additional winding means
being connected to said first and second current supply
circuits to energize said inductance device with a current
quantity equal to the difference in the current magnitudes
in said first and said second current supply circnits, an
electrical conducting path connecting the other of said
input terminals to the other of said output terminals, a
transformer having a first winding connected between said
output terminals and a second winding having end termi-
nals and an intermediate terminal, means connecting said
input terminals of said generator to said first and said
second potential supplying terminals, first and second
switch devices each said device having a main circuit and
a control circuit for initiating and terminating current
flow through its associated said main circuit, a pair of
direct potential energized buses, an output circuit, first and
second impedance devices, each said impedance device
having first and second terminals, means connecting said
first terminal of said first impedance device to one of said
buses and including said main circuit of said first valve,
means connecting said first terminal, said second imped-
ance device to said one bus and including said main circuit
of said second valve, means connecting said second termi-
nals of said impedance devices through said output circuit
to the other of said buses, means connecting said control
circuit of said first valve between said intermediate termi-
nal and one of said end terminals and connecting said con-
trol circuit of said second valve between said intermediate
terminal and the other of said end terminals whereby said
first and second valves are rendered conducting in alter-
nating relating a first polarizing signal generator having
a pair of input terminals connected to a pair of output
terminals through a phase shifting circuit and a resonant
circuit, said resonant circuit including capacitive and
inductive reactance tuned to resonate at the frequency
of said protected three phase line, means connecting said
output terminals of said polarizing generator to said
first and said second potential supplying terminals, a
second transformer having a primary winding connected
to said output terminals of said polarizing generator and
a secondary winding having end terminals and an inter-
mediate terminal, third and fourth switch devices, each
said third and fourth switch devices being a main circuit
and a control circuit for initiating current flow through
its said main circuit, means connecting said control cir-
cuit of said third valve between said intermediate termi-
nal and one of said end terminals of sajd secondary wind-
ing of said second transformer and connecting said con-
trol circuit of said fourth valve between said intermedi-
ate terminal and the other of said end terminals of said
secondary winding of said second transformer, circuit
means connecting said first terminal of said first im-
pedance device to said other bus and including said main
circuit of said third valve, and circuit means connecting
said first terminal of said second impedance device to said
other bus and including said main circuit of said fourth
valve, a second polarizing generator having input termi-
nals and output terminals and a second signal forming
interconnecting its said input terminals to its said output
terminals, said second signal forming networks compris-
ing a second mutual inductance device having a first
winding connected between one of said input terminals
and one of said output terminals of said second polarizing
generator and additional winding means, said additional
winding means being connected to said second and said
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third current supplying circuits to energize said second
mutual inductance device with a current quantity equal
to the difference in the current magnitude in said second
and said third current supply circuits, an electrical con-
ducting path connecting the other of said input terminals
of said second polarizing generator to the other of said
output terminals of said second polarizing generator, a
third . transformer having a primary winding connected
between said output terminals of said second polarizing
generator and a secondary winding having end terminals
and an intermediate terminal, a fifth and a sixth valve,
each said fifth and said sixth valve having a main circuit
and a contact circuit for initiating the flow of current
through its said main circuit, circuit means connecting
said second terminal of said first impedance to said other
bus and including said main circuit of said fourth valve,
circuit means connecting said second terminal of said sec-
ond impedance to.said other bus and including said main
" circuit of said fifth valve, means connecting said control
circuit of said fourth valve between said intermediate
terminal and one of said end terminals of said secondary
winding of said third transformer, means connecting said
control circuit of said sixth valve between said intermedi-
ate terminal and the other of said end terminals of said
secondary winding of said third transformer, a seventh
and an eighth valve, each said seventh and said eighth
valve having a main- circuit and a contact circuit for
initiating the flow of current through its said main circuit,
circuit means connecting said main circuit of said seventh
valve in shunt with said main circuit of said third valve
and said main circuit of said eighth valve in shunt with
said main circuit of said fourth valve, circuit means con-
pecting said control circuit of said seventh valve in cir-
cuit with said main circuit of said first valve and said
control circuit of said eighth valve in circuit with said
main circuit of said second valve.

29, Tn an apparatus for use in protecting a three phase
electrical transmission line, first and second and third
potential supplying terminals adapted to be engaged with
a potential device respectively from the first and second
and third line conductors of said transmission line and
proportioned to the said line potentials first and second
and third current supply circuits adapted to be energized
with a current derived respectively from the first and
second and third line conductors of said transmission line
and proportioned to the said line currents, an operate
signal generator having input terminals and output ter-
minals and a first signal forming network interconnecting
its said input terminals to its said output terminals, said
signal network comprising a mutual inductance device
having a first winding connected between one of said in-
put terminals and one of said output terminals and ad-
ditional winding means, said additional winding means
being connected to said first and second current supply
circuits to energize said inductance device with a current
quantity equal to the difference in the current magnitudes
in said first and said second current supply circuits, an
electrical conducting path connecting the other of said
input terminals to the other of said output terminals, a
transformer having a first winding connected between said
output terminals and a second winding having end ter-
minals and an intermediate terminal, means connecting
said input terminals of said generator to said first and said
second potential supplying terminals, first and second
switch devices each said device having a main circuit
and a control circuit for initiating and terminating cur-
rent flow through its associated said main circuit, a pair
of direct potential energized buses, an output circuit, first
and second impedance devices, each said impedance de-
vice having first and second terminals, means connecting
said first terminal of said first impedance device to one of
said buses and including said main circuit of said first
value, means connecting said first terminal, said second
impedance device to said one bus and including said main
cirenit of said second value, means connecting said second
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terminals of said impedance devices through said output
circuit to the other of said buses, means connecting said
control circuit of said first valve between said intermedi-
ate terminal and one of said end terminals and connect-
ing said control <ircuit of said second valve between said
intermediate terminal and the other of said end terminals
whereby said first and second valves are rendered con-
ducting in alternating relation, a first polarizing signal
generator having a pair of input terminals connected to
a pair of output terminals through a phase shifting cir-
cuit and a resonant circuit, said resonant circuit including
capacitive and inductive reactance tuned to resonate at
the frequency of said protected three phase line, means
connecting said output terminals of said polarizing gener-
ator to said first and said second potential supplying
terminals, a second transformer having a primary wind-
ing connected to said output terminals of said polarizing
generator and a secondary winding having end terminals
and an intermediate terminal, third and fourth switch
devices, each said third and fourth switch devices. being
2 main circuit and a control circuit for initiating current
flow through its said main circuit, means connecting said
control circuit of said third valve between said inter-
mediate terminal and one of said end terminals of said
secondary winding of said second transformer and con-
necting said control circuit of said fourth valve between
said intermediate terminal and the other of said end ter-
minals of said secondary winding of said second trams-
former, circuit means connecting said first terminal of
said first impedance device to said other bus and includ-
ing said main circuit of said third valve, and circuit means
connecting said first terminal of said second impedance
device to said other bus and including said main circuit
of said fourth valve, a second polarizing generator having
input terminals and output terminals and a second signal
forming interconnecting its said input terminals to its
said output terminals, said second signal forming net-
works comprising a second mutual inductance device
having a first winding connected between one of said input
terminals and one of said output terminals of said second
polarizing generator and additional winding means, said
additional winding means being connected to said second
and said third current supplying circuits to energize said
second mutual inductance device with a current quantity
equal to the difference in the current magnitude in said
second and said third current supply circuits, an electrical
conducting path connecting the other of said input ter-
minals of said second polarizing generator to the other of
said output terminals of said second polarizing generator,
a third transformer having a primary winding connected
between said output terminals of said second polarizing
generator and a secondary winding having end terminals
and an intermediate terminal, a fifth and a sixth valve,
each said fifth and said sixth valve having a main circuit
and a contact circuit for initiating the flow of current
thx:ough its said main circuit, circuit means connecting
said second terminal of said first impedance to said other
bus and including said main circuit of said fourth valve,
circuit means connecting said second terminal of said
second impedance to said other bus and including said
main circuit of said fifth valve, means connecting said
control circuit of said fourth valve between said inter-
mediate terminal and one of said end terminals of said
secondary winding of said third transformer, means con-
necting said control circuit of said sixth valve between
said intermediate terminal and the other of said end ter-
minals of said secondary winding of said third trans-
former, a seventh and an eighth valve, each said seventh
a_nd said eighth valve having a main circuit and a contact
circuit for initiating the flow of current through its said
main circuit, circuit means connecting said main circuit of
sajid seventh valve in shunt with said main circuit of said
third valve and said main circuit of said eighth valve in
shunt with said main circuit of said fourth valve, circuit
means connecting. said control circuit of said seventh
valve in circuit with said main circuit of said first valve
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and said control circuit of said eighth valve in circuit with
said main circuit of said second valve, a ninth valve having

a main circuit and a control circuit for initiating current
flow through its said main circuit, circuit means connect-
ing said main circuit of said ninth valve in shunt with said 5
output circuit, and circuit means connected to said con-
trol circuit of said ninth valve and to a pair of said
potential supplying terminals, said last named circuit
means including means for maintaining said main circuit
of said ninth valve nonconducting when said pair of ;4
potential supplying terminals are energized,
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