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27 Claims.

My invention relates to signalling systems, and
more particularly to supervisory control systems
in which a plurality of substations are selectively

. controlled and supervised over a single signalling

8§ channel.

In supervisory control systems where a large
number of substations are to be supervised and
controlled from a single dispatching office, there

~ is often not more than one signalling channel

10 available for operation. In such cases the sys-
tem must operate over a single trunk without any
sacrifice of the safe-guarding features which in-
sure synchronous operation without possibility of
failures. Such safe-guarding is necessary in a

16 supervisory control system where many opera-
tions, if improperly made, would entail serious
consequences. )

Accordingly, an object of my invention is to
provide a supervisory control system for control-

20 ling and supervising a plurality of substations
from a single dispatcher’s office over a single sig-
nalling trunk.

A Turther object of my invention is to provide a
supervisory control system in which apparatus in

95 a plurality of substations may be selected, con-
trolled and supervised over a single pair of con-
ductors by means of synchronous selecting appa-
ratus at each of said stations.

Still a further object of my invention is to pro-

30 vide means in a supervisory control system for
selecting, supervising, and controlling remote ap-
paratus used in a plurality of substations over a
single signalling channel, the remote operations

 of the selected unit being dependent automatical-

35 ly upon a check at the dispatcher’s office of the
selection made at the substation.

Another object of my invention is to provide
means in a supervisory control system for super-~
vising and controlling a plurality of remote sub-

40 stations to prevent interference with, or loss of,
signals in the event that more than one substa-
tion or the dispatcher’s office and a substation at-
tempt to signal over the same signalling channel
simultaneously.

45 In many supervisory control systems, the con-
ductors, over which the supervisory signals are
sent, are paralleled with the power conductors
in which the circuit breakers to be contrelled are
located. Surges in these power conductors are

50 often so severe as to inductively induce sufficient
current in the signalling circuits to render them
useless by the transmission of false signals at
the very time when the circuit is most needed
for use.

56 Accordingly, an object of my invention is fo

(Cl. 1771—353)

provide means in a supervisory control system for
preventing false operations in a supervisory con-
trol system due to currents induced therein by

" an adjacent power line.

Still a further object of my invention is to pro- &
vide a normally open-circuited supervisory con-
trol system for controlling and supervising a plu-
rality of substations from a single central station.

Still a further object of my invention is to pro-
vide a supervisory control system in which the 10-
receiving apparatus in each of a plurality of re-
mote stations are multiplied to-a single signal-
ling channel extending from the dispatcher’s of-
fice to each of the remote substations. i

Still & further object of my invention is to pro- 15
vide means in a supervisory control system for
controlling and supervising a plurality of remote
substations over a single channel, with transmit-
ting and receiving apparatus, individual to the
remote substations, connected in series in the 20
single signalling channel. .

Still a further object of my invention is to pro-
vide means for transmitting station, group, and
unit selection code combinations of impulse con-
ditions over a single signalling channel for se- 25
lecting one of said substations, cne of-a plurality
of groups in the selected substation and one of a
plurality of units in the particular selected group,
for operation from a central dispatching point.

still a further object of my invention is to pro- 30
vide means in a multi-substation  supervisory
control system operated over a single signalling
channel for locking out all but a selected substa~
tion.

Still a further object of my invention is to pre- 35
vide means in the same apparatus at the sub-
station to function either as a transmitter or a
receiver in accordance with whether the station
is to transmit or receive signals.

In the development of -supervisory control 4o
systems, the necessity for insuring accurate op-
eration requires that, following each selection, a
check be made of the selection. As a result, the
number of circuits and relays increases and re-
sults in complications of the system. It is ac- 45
cordingly essential, wherever possible, to simpii-
fy the circuit design and to reduce the number of
apparatus as much as possible.

Accordingly, an object of my invention is to
provide means whereby the counting relay chains 50
need require only a single armature for the se-
lecting operations.

Still a further object of my invention is to pro-
vide means whereby the same circuit which con-
trols the station selection, may be used for con- 5&
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trolling the check code for the station selection
and the same circuit which. stops the group and
unit selection code also responds to the group and
unit check code.

Still a further object of my invention is to

- provide means whereby a single armature on

each of the counting relay chains functions to
carry out all the necessary functions including
selection, identification by means of the check
code, and the operation of the selected unit.

In many instances, it is desirable to check the
positions of breakers at the substations. If a
single master check is provided for this opera-
tion, it will be necessary to check all the appara-
tus at each of the substations whereas the dis-
patcher may desire to check only one substation
at a time.

Accordingly, another object of my invention is
to provide means whereby in a multi-substation
supervisory control system, the apparatus units
at each of the substations may be separately
checked.

There are other objects of my invention which,
together with the foregeing, will appear in the
detailed description of the invention given in
connection with the. drawings in which:

Figures 1 to 4 are the circuit diagrams of ap-
paratus employed at the dispatcher’s office;

Figures 5 to 7 are the apparatus employed at
the substations;

Figure 8 is a circuit diagram of my invention
diagrammatically showing the signalling conduc-
tor connected to a third station.

Figure 9 is a circuit diagram of my invention
showing the line relays and transmitters con-
nected across the line.

Figure 10 is a circuit diagram of s modified
form showing the line relays and transmitters
connected in series with the line.

Figures 11 to 16 are charts showing the se-
quence of relay operations when a remote unit is
selected and controlled.

Figure 17 shows the manner in which Figures
1 to 7 should be combined to form a complete
illustration of the system.

Generally, my invention comprises circuit ar-
rangements at the office and at each of a plu-
rality of substations by means of which apparatus
at each of a plurality of remote stations may be
supervised and controlled from the same office
over a single signalling channel, consisting, in
the embodiment shown, of a single trunk circuit.
The apparatus at the office and each of the sub-
stations are normally in condition for receiving
signals from any one of the other stations.

At the office, if a key operation is performed
for controlling a remote apparatus unit, relays
are operated in response to this key operation
for switching the apparatus thereat into a trans-
mitting condition; at the same time setting up on
the relays a predetermined code to be transmitted.
Thereafter, impulses are transmitted from the
office to the substation and as each impulse is
transmitted, counting relays at the office and the
substations are successively energized. A prede-
termined relay, operating through the contacts of
the counting chain and the code controlling re-
lays, energizes when the proper counting relay
has been energized to stop the transmission of
further counting impulses. Thereafter, the office
conditions itself for receiving impulses while the
substation which has been selected transmits
check impulses back to the office to indicate the
selection. The particular substation which has
been selected is determined by the energization of

21,284

a relay (also through the armatures of the count-
ing chain) which will condition that particular
substation for sending back the check signals,
and for selecting that station, whereas at all the
other stations when the first set of impulses stops
on the same counting chain relay, a relay is en-
ergized which locks out these other substations
from further responses to signalling impulses.

Thereafter, the selected substation sends back
to the office check signals in accordance with the
selected station which indicates the particular
substation which has been selected. On receipt of
these impulses at the office through the counting
chain, a relay is again energized at the office
which switches the office to a transmitting condi-
tion. The office thereupon again transmits a
code of group selecting impulses which operate
the counting chains at both the office and selected
substation.

At the office again, when the proper counting
relay is energized, a predetermined relay is oper-
ated over the armatures of the counting relay
and the group cods controlling relay, which has
been energized by the original key operation, and
this stops the transmission of further group se-
lecting impulses. At the selected substation the

10

15

20

group selecting code which is received operates

the counting chain to make a vredetermined
group selection and then starts to transmit back
fo the office a combination of impulses indicat-
ing the particular group selection which has been
made. The office in response to this checking
code, after an interval of time, again conditions
itself for transmitting impulses and transmits the
third or unit code selecting combination. This
unit cede combination is also stopped by a point
code controlling relay which, as stated above, was
originally energized in response to the key op-
eration.

In the same manner, a check code is sent back
from the substation indicating the unit selection
and thereafter an operation control code is trans-
mitted to operate the selected unit in the man-
ner desired by the dispatcher and a supervising
signal is sent back to the office indicating the
final operation of the unit.

By means of this special circuit arransement,
the same signalling channel comprising in the
embodiment shown, two trunk conductors, and
the same counting chain or selecting apparatus
at both the office and substation are utilized for
the transmission of station selecting code im-
bulses, group selecting code impulses, and unit
selecting code impulses interposed by check im-
pulses for the station, group and unit selection,
and finally of the operation contrs! code and su-
pervising code. The same signalling conductors
and, in fact, the same apparatus is also employed
for the transmission of signals in the event of
an automatic operation at the substations, for
automatic release of the apparatus in the event
of their failure in checking, for a reset operation
from the office and for any other desired function
of a supervisory control system.

With the system in non-operating condition
and normal, the relay 428 is energized over an
obvious circuit including the back contact and
armature 434. The relay 428 is a slow to deen-
ergize relay and is normally maintained energized
during all operations to apply positive battery
over the armature 235 at all times, except when
the apparatus is to be restored to normal, as
will be explained in detail hereinafter.

Normally, the relays 487 and 498 are also en-
ergized over a circuit from battery through the
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windings of relays 487 and 498 in series over the
armature and front contact 488 of relay 494 and
the back contact and armature 489 of relay 496
to positive battery. Although the relay 494 is at
this time deenergized, its armature 488 is held
locked against its front contact by the latch
member 460 which is controlled by the relay
495. The operation of this relay will be more
clear from the description hereinafter.

Relays 498 and 487 control a switch circuit
which throws the frunk conductors 432 and 433
in operative relation with the line relay 431 while
at the same time associating a relay 484 with the
alternate group of trunk conductors 436 and 437
for the purpose to be described in more detail
hereinafter.

It will be noted that relay (10, which is the
supervisory relay individual to one of the points,
is in an energized condition for indicating that
the associated breaker at the remote substation
is in a closed condition. On the other hand, re-
lays {1 and 112, which are supervisory relays
individual to other peints, are shown deenergized
to indicate a present tripped condition of their
associated breakers.

Relays 585 and 582 are also normally energized
over a circuit from negative battery through the
windings of relays 585 and 582 in series, arma-
ture and front contact 592 of relay %89, and the
back contact and armature 593, to positive bat-
tery. Although the relay 589 is at this time de-
energized, its armature 592 is held locked in en-
gagement with its front contact by the locking
device 594 which in turn is controlled by the
relay 591.

Energization of the relay 582 associates the
trunk conductors 432 and 432 with the line relay
511 over the armatures 595 and 596. In the event
of any difficulty occurring, however, on the trunk
conductors 432 and 433, the trunk conductors
436 and 437 may be substituted therefor by open-
ing the circuit of trunk conductors 432 and 432
at armatures 5985 and 596 and closing instead the
trunk conductors 438 and 437 over the armatures
of relay 583 to the line relay 511, and, at the same
time, the trunk conductors 432 and 433 may be
connected over the armatures of relay 584 to
the relay 586. These operations will be described
in more detail hereinafter.

The relay 508 at the substation is also nor-
mally energized at this time cver an obvious cir-
cuit including the back contact and armature
533 of relay 509. The relay 508, which is the
release relay, is normally energized and held ener-
gized during the stepping impulses. This relay
is released only when the entire set is restored
to normal. - With the relay 508 energized, posi-
tive battery is applied to all points showing a
single circle and positive symbol. :

Relays 7125, 726 and so forth, at the substation,
are all normally energized, as shown, over locking
circuits, which, in the case of relay 725, extend
from positive battery over the armature 738 and
its front contact of relay 725, armature 738 and
its front contact of relay 728, through the wind-
ing of the relay 25, conductor 748, back contact
and armature 186, to negative battery.

The locking circuits for the other relays 72§
and so forth are completed over similar circuits

including the armatures of their individual re-:.

lays, such as 12f and so forth. These individual
relays 120, 72{ and so forth, are individual to the
breakers and are controlled by the auxiliary
switch on their breakers, These relays are either
energized or deenergized in accordance with the

3

condition of the associated breaker, relay 720 be-
ing shown energized, but as will be clear from the
description hereinafter, the locking circuit for

relays such as 125 are completed irrespective of-

the position of armatures such as 739 of the in-
dividual relays such as 720. The relays 125, 126
and so forth are point start relays which are
momentarily released when their associated
breaker changes its position from either. closed
to trip or vice versa. When a relay such as 125
is momentarily released, it functions to start the
apparatus at the substation into operation in a
manner to be described in detail hereinafter.

The relay 4%8 at the office is also normally
energized and locked over its own armature 492.
This is the battery relay which is normally ener-
gized and releases only when the office battery is
interrupted for any reason. After release of this
relay 490, as soon as the office battery comes hack,
the office and all substations are automatically
restored to normal by the operation of the re-
lease start relay 491 in a manner to be described
in detail hereinafter.

In order to explain the operations in detail it
will be assumed that the dispatcher desires to
trip the breaker associated with the operating key
187. It will be noted at this time that the breaker
associated with this particular point is in a closed
condition since the relay (10 is energized and an

energizing circuit is completed for the red lamp

it82 from negative battery, through the filament
of the lamp 162, over the front contact and arma-
ture (27, to positive battery. Lamp 102 is thus
illuminated indicating a closed condition of this
breaker.

The operator will now press the key 107 which
will operate the contacts 108 and 189 into engage-
ment with their respective contact points. This
key, which is of the non-locking type, is momen-
tarily depressed and thereafter automatically
restored to its normal condition by spring action
in any well known manner. As a result of the
depression of key 187, an energizing circuit is
completed for the relay 229 from. positive battery
to the contact 108 into engagement at this point,
conductor 128 through the winding of the relay
229, its armature 259 and bhack contact, and back
contact and armature 260, to negative battery.

A further energizing circuit is completed for
the relays 241 and 237 from positive battery over
armature 284 and its back contact, back contact
and armature 286, through the winding of the
relay 244, over the conductor 261, the contact
1868 in engagement with its contact point, con-
ductor 29, through the winding of relay 2317,
armature and back contact 284, back contact
and armature 263, to negative battery.

The relay 229 is one of a group of relays 226
to 2235 which are the point code relays, one of
which is energized when an operate key such as
{07 is depressed and determines the code to be
transmitted for making the point or unit selec-
tion.

The relay 237 is one of a group of relays 237
to 2440, which is a tens key relay and is energized
when the operate key is depressed to determine
the code to be transmitted for making the group
or tens selection.

The relay 241 is one of a group of relays 241
to 244, which is energized when the operate key
is depressed to determine the code to be frans-
mitted for making a station selection, all of
which will be described in detail hereinafter.

From the above detailed circuit description, it
will be noted that one of the contacts, such as
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108, controls the energizing circuit for the point
selecting relay such as 225 whereas the other con-
tact, such as 109, on the operate key is inter-
posed between a group selecting relay 237 and

- station selecting relay 24{ so that three relays, a

point, a group, and a station relay, are all ener-
gized in response to & single key operation.

As a result of the energization of relay 229, a
locking circuit is completed for this relay from
positive battery over the frent contact and arma-
ture 2€2, through the winding of relay 223, arma-
ture 259 and its front contact and the winding
of the relay 236 to negative battery. The arma-
ture 289 of reiay 229 being a make before break
cantact, as shown, will engage its front contact
before breaking its back contact to insure com-
pletion of the above described circuit for the re-
lay 238. Relay 238 upon energization, operates
its armature 260 to disengage its back contact.
Inasmuch. as the energizing circuit for each of
the point selecting relays 228 to 235 are all com-
pleted over the back contact of armaturs 289,
no other of these relays can be energized in the
event the dispatcher should for any reason de-
press a seconhd operate key. )

Furthermore, the locking circuit for the relay
229 now maintains this relay ensrgized inde-
pendently of the operate key, so this key may
now be restored to normal without affecting the
code to be transmitted.

As a result of the energization of relays 237
and 241, a locking circuit is completed for these
two relays from positive battery at relay 241, front
contact and armature 288, through the winding

‘of relay 241, the armature 287 of relay 241 and its

front contact, front contact and armature 264,
through the winding of relay 237, armature 283
and its front contact, and through the winding
of relay 245, to negative battery. - Relay 245
energizes and at armature 263 opens any further
energizing circuit for the remsining group relays
238 to 242 and at its armature 254 opens the
energizing circuits for the remaining station code
controlling relays 242 to 244.

At the same time a starting circuit is completed
from positive battery over the armature 284
and its front contact, armature 268§ and its front
contact, over the conductor 281, the back contact
and armature 438 of relay 420, armature and bhack
contact 492a and through the winding of relay
419, to negative battery. A multiple circuit is
also completed with this circuit for the winding
of relay 404 to negative battery. The relays 404
and 419 are start relays which are energized when
an operate key is depressed and function to make
the office end of the system the originating or
transmitting end.

It will be noied that the above traced circuit
for the start relays 404 and 419 is conirolled by
the armature 294 and 265 of relays 245 and 288,
which are energized when the point, group and
station code controlling relays are energized and
locked in response to a key operation. The sbhove
traced circuit for the start relays 284 and 41§
is alsc controlled over the back contact and ar-
mature §92q of relay 402, which energizes as soon
as the first line impulse is sent or received, in
a manner to be described hereinafter.

The fact that armature 402¢ is in engagement
with its back contact indicates that no substation
signals are being received at this time and that
accordingly the office end may seize the sysiemn
for the transmission of selecting impuises.  If, on
the other hand, substation impulses were being
received, the start relays 404 and £1% could not
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have . been energized, even though the point,

group, and station code controlling relays had

been energized in response to a key operation.
As a result of the energization of the start

-relay 404; 3 locking circuit for itself and 419 is

compieted over &84c and an energizing circuit is
completed for the relay 427 from negative battery
thereat through the winding of relay £37, back
contact and armature 41, the front contact and
armeature 404a and armature 443 of relay 418
and its back contact to pesitive battery.

The relay 427 is 2 sending start relay which
functions on energization to change the normal
condition of the system at the office end from a
receiving condition to a. sending condition. In
order to insure that this relay 427 is not energized
at a time when impulses are being received from
the substation, its circuit is also completed over
the back contact of armature €41 of relay 421,
which is energized during the peried that im-
pulses are being received from the substation.
The circuit for relay 427 is also controlled by relay
418 for the purpose to be described hereinaiter.

As a result of the energization of relay 427, an
energizing circuit is completed for the relay 436
from negative bhatiery, through the winding of
relay 438, armature 444 and its back contbact,
armature £4% and its back contact, and the front
contaet and armature 448 to positive battery.

The relay 438 is an impulse sending relay which
is now about to send code combinations of im-
bulses over the trunk conductors in accordance
with. the particular station, group and point
selecting relays which have previously been ener-
gized as described hereinbefore. The relay 436
will now be energized and deenergized intermit-
tently in conjunction with the relay 425 over the
armature 445, on which it will be recalled relay
438 found its energizing circuit. .

As g result now of the energization of relay 439,
positive battery is applied over armature 447 and
the conductor 448 to the trunk conductor 432,
and negative battery is applied over the armature
449 and conductor 458 to the trunk conductor 438,
Energy from this same source is also applied
across the line relay #3f at the office. Simul-
taneously energy is applied over trunk conductors
432 ang 433 over front contacts and armatures
5956 and 598 to the relay 51 at the substation.
Accordingly, the line relays 831 and 5({ arz ener-
gized simultaneously. The line relays of other
substations, as indicated in Fig. 4, are also ener-
gized.

As a result of the energization of line relay 431
at the office, an energizing circuit is completed
from positive battery over the srmature 451 and,
its front contact of relay 431, through the wind-
ing of relay 429 to negative battery.

The relay 429 upon energization now performs
a number of functions among which is the ener-
gization of the first counting chain relay, which
counts the first or blank step. The circuit ex-
tends from positive battery over the armature
4234 and its front contact, armature 452 and its
front contact, armature, 453 and its back con-
tact; through the armature 328 and its back cnn-
tact, armature 321 and its back contact, arma-
ture 322 and its back contact and through the
winding of relay 362 to negative battery. A mul-
tiple circuit is at the same time completed over
the conductor 223 and the back contact and
armature 454 and the winding of relay 482. Re-
lay 402 is thereupon energized and cperates its
make-before-break armature 454 to engage its
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front contact and lock the relay 402 in energized
position.

A further result of the energization of relay
429 is to open the energizing circuit for the slow
relay 428 and at the same time to complete mul-
tiple energizing circuits for the two slow relays
425 and 426 over the armature 455 and its front
contact.

As a result of the energization of relay 425, the
energizing circuit for the relay 430 is opened at
armature #45 and the slow relay 430 deenergizes
after an interval of time. Upon the deenergiza~
tion of relay 430, the line relays 43 and 511
are deenergized when armatures 447 and 249 dis-
engage their front contacts. This is the end of
the first impulse. ‘

As a result of the deenergization of relay 43,
relay 429 deenergizes opening the energizing cir-
cuits for relays 425 and 426 and reclosing the
energizing circuit for relay 428. The relay 428
is a sufficiently slow relay so that it remains en-

. ergized during the brief interval while the relay
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429 was energized.

The relay 303, upon energization, prepares a
locking circuit for itself and relay 302 from nega-
tive battery through the winding of the relay 303,
armature 324 and its front contact, through the
winding of the relay 302, back contact and arma-
ture 325, and the front contact and armature
456, to positive battery. But this circuit is not
effective at this time due to the direct positive
battery obtained for the relay 303 at armature
434. At the end of the impulse period, however,
when relay 428 deenergizes, as described above,
this circuit becomes effective and relays 303 and
362 encrgize in series. As will appear from the
following, relay 302 acts as & switch-over relay
to switch the next impulse for operating the
counting chain to the next counting chain relay
304. Relay 429, upon deenergization, opens the
energizing circuit for the relay 425. 'This slow
relay, after an interval of time, again permits

its armature 445 to engage ifs ‘back contact, -

whereupon the original energizing cireuit for the
relay 430 is again completed to transmit a second
impulse. Relay 426 is slower than relay 425 and
remains operated during intervals between im-
pulses.

At the substation, in response to the energiza-
tion of relay 511, an obvious energizing circuit
is completed for the relay 589. Energization of
the relay 509 completes an energizing circuit for
the first counting relay 693 from positive battery
over armature 533 and its front contact arma-~
ture 534 and its front contact, armature 541 and
its back contact, armature 6§29 and its back con-
tact, armature 638 and its back contact, arma-
ture 631 and its back contact, through the wind-
ing of relay 683, to negative battery. Relay 603,
upon energization, prepares a locking circuit for
itself and relay 602 at armature 633 and this
circuit extends through the winding of relay 602
over the back contact and armature 634 and
front contact and armature 583a to positive bat-
tery. This circuit, however, is not at this time
completed because of the fact that the original

energizing circuit for relay §02 provides a short -

circuit around the relay 602.
The original energizing circuit for the relay
603 is multiplied over.the conductor 660 and over

_break contact and armature 9543 through the

winding of the relay 504 to negative battery.
Relay 514, upon energization, operates its make-
before-break armature 543 and this relay is
locked- over armature 543. At armature 545 an
energizing circuit is completed for the relay 515

5

from negative battery through the winding of

the relay 515, front contact and armature 9545,
back contact and armature 546, back contact and
armature 569 to positive battery. i

A further result of the energization of relay
509 is to complete an energizing circuit for the
relay 503 from negative batiery through the
winding of the relay 503, back contact and arma-
fure 538, back contact and armature 535, front
contact and armature 534, and front contact and
armature 533 to positive battery and to open the
energizing circuit for the relay 508, but relay 508
is sufficiently slow so that it does not deenergize
in the interval while the relay 509 is energized
during impulses.

Energization of relay 503 completes an obvious
energizing circuit for the relay 502 which in
turn energizes the relay 501 and relay 581 in its
turn energizes relay 580. By this time the first
impulse has been terminated at the office end
and relay 500 is deenergized, in turn deenergiz-
ing the relay 503 which is slow and remains
operated between impulses and again closing the
energizing circuit for the relay 508.

Deenergization of the relay 589 opens the origi-
nal energizing circuit for the relay 603 and this
relay 603 energizes in series with the relay 602 as
described above.

At the office, as a result of the deenergization
of relay 429, following the deenergization of
relay 436, an energizing circuit is again com-
pleted for the relay 428 beiore this relay has had
a chance to deenergize. At the same time, the
energizing circuit for the relays 425 and 426 is
opened at armature 434 which disengages its
front contact. Relay 425 upon deenergization,
again closes an energizing circuit for the relay
430 at armature 445 and its back contact. Relay
430 is thereupon energized to transmit a second
signalling impulse energizing the line relay 429
at the office and line relay 539 at the substa-
tion.

As a result of the energization of relay 429 for
a second time, an energizing circuit is completed
for the next counting relay 304. This circuit ex-
tends over the circuit traced above for the first
counting relay except that now arimature 322 in~
stead of engaging its back contact, engages its
front contact and armature 326 is in engagement
with its front contact so that the circuit extends
to the relay 304. Relay 304, upon energization,
prepares a locking circuit for itself and the relay
301 at armature 327. But this circuit is not
effective at this time due to the original ener-
gizing circuit for the relay 304.

A further result of the energization of relay 429
is to again energize relay 4256 which in turn opens
the energizing circuit for the relay 430 at arma-
ture 445 to terminate the second impulse. Deen-
ergization of the relay 430 in turn deenergises
relay 429 whereupon the locking circuit for relays
304 and 3981 becomes effective.

Tn this manner, impulses are transmitted over
the line successively energizing the counting re-
lays 303, 204, 305, etc., these relays being succes-
sively energized under control of the switch-over
relays 300, 301 and 302. .

Relay 30f, upon energization, opens the lock-
ing circuit for the relay 303 and 302 at the arma-
ture 325 which now disengages its back contact.
The relays 303 and 302 are now deenergized.
Upon the energization of relays 304 and 301 and
upon the deenergization of relays 203 and 302,
an energizing circuit is completed for the relay
418 from negative battery through the winding
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tact, the front contact and armature 458, arma-
ture 266 and its front contact of the station code
relay 241, conductor 267, conductor 161, the front
contact and armature 329 of chain relay 304,
front contact and armature 330, back contact and
armature 331, back contact and armature 332,
conductor 334, armature 459 and its back con-
tact, and armature 404b and its front contact,
to positive battery. Relay 418 is the station send-
ing control relay which operates when the proper
number of impulses for station selection have
been transmitted and functions when energized
to stop the transmission of further impulses. One
of the effects of the energization of relay 4148 is
to operate make-before-break armature 457 to
lock the relay 418 in energized position and at
the armature 443 the circuit of relay 421 is opened
and relay 427 is thereupon deenergized. The
deenergization of relay 427 in turn obens the
locking circuit for the relays 304 and 38 and
these relays are now deenergized. o

It will be noted that the relay 418 completed
its energizing circuit over the armature of relay
24 which was energized in response to the key
operation for controlling the station controlling
code, and that this circuit was also completed
over the armatures of relays 394 and 381 which
were energized following the transmission of the
correct number of station selecting impulses.

At the substation, it will be recalled that the
last operation described was the deenergization of
the relay 511 following the termination of the first
signalling impulse. Upon the deenergization of
the relay 511, the relay 509 is deenergized which
again closes the energizing circuit for the slow
relay 508 so that this relay 508, which was deen-
ergized during the interval while the relay 588
was energized during the impulsing period, does
not have time to deenergize during the impulsing
interval and accordingly remains energized.

A further result of the deenergization of relay
509 is to open the energizing circuit for the relay
503 which, being a slow to deenergize relay cannot;
deenergize before relay 589 again energizes in
response to the second impulse.

A further result of the deenergization of relgy
508 is to open the original energizing cireuit for
the relay 603 and relay 693 now energizes in series
with relay 662 over a self-locking circuit. This
circuit extends from negative battery through the
winding of the relay 603, the armature 633 and its
front contact, through the winding of the relay
602, the back contact and armature 634, and
front contact and armature 593¢ to positive bat-
tery. These operations occur at the end of the
first impulsing period and before the second im-
bulse, as described above, is impressed upon the
trunk conductors.

At the substation, as a result of the energiza-
tion of relay 589 in response to the second .impulse
received over the trunk conductors, the energiz-
ing circuit of relay 508 is again opened; but, as
explained before, this relay is sufficiently slow
in its operation so that it will not deenergize dur-
ing this interval.

A further result of the energization of relay 509 -

is to complete an energizing circuit for the relay
503 over the circuit traced hereinbefore, and to

‘complete an energizing circuit for the counting

relay 604 from the negative battery through the
winding of the relay 604, the armature 635 and
its front contact, and front contact and armature
631, back contact and armature 639, back con-
tact and armature 629, back contact and arma-
ture 541, front contact and armature 534 and the
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front contact and armature 533 to positive bat-
tery.

In the second impulse period the relay 511 is
again deenergized when the impulse over the
trunk conductors terminates.
the relay 514 in turn deenergizes the relay 5859,
Relay 509 upon deenergization, again completes
the energizing circuit for the relay 508 before
this relay has had time to releage and open the

energizing circuit for the relay 883 which, being

a slow to deenergize relay, will drop out after
an interval of time, since no further impulses are
received at this time.

A further result of the deenergizaticn of relay
509 is to open the original energizing circuit for
the relay 684 as traced hereinbefore. Relay 604
will now energize in a series locking cireuit with
relay 801 from negative battery through the
winding of the relay 5§04, the armature 636 and

its front contact, through the winding of the re--

lay 801, back contact and armature 837 and the

front contact and armature 502¢ to positive bat-

tery.

Energization of relay 601 opens the series lock-
ing circuit for the relays 683 and 682, which was
breviously traced, over the hack contact and
armature 634. Relays 583 and 632 are thereupon
deenergized.

It will be recalled that following the transmis-
sion of the second impulse over the trunk con-
ductors, further impulsing frem the office was
at this time stopped. Accordingly, a longer non-
impulsing pericd will he obtained during which
the relay 539 remains deenergized than is the
normal peried between the
Accordingly, relay 509 will be deenergized suffi-
ciently long to pesrmit relay 583 to deenergize.
After an interval following the deenergization of
relay 503, relay 502 is also deenergized,

A further result of the deenergization of relay
503 is to complete an energizing circuit for relay
187, the circuit extending from positive battery
over the armature 537 and ifs back contact, ar-
marture 558 and its front contact, (relay 581 not
having as yet dropved out), armature 547 and its
back contact, armature 548 and its back contact,
conductor 663, and through the winding of relay
187 to. negative battery. It will be noted that
this circuit is completed following the deenergiza.-
tion of relay 563 before relay 561 has had time
to energize. :

A circuit is now completed for relay 522 from
negative battery through the winding of relay
522, conductor 638, armature 783 and its front
contact, conductor 155, front contact and arma-
ture 648 of the counting relay 684 and thence to
positive battery over the circuit already traced
heretofore. ) .

As the interval of non-impulsing continues, the
relay 582 upon deenergization in turn opens the
energizing circuit for the relay 58{ which also
deenergizes after an interval of time, the relay

501 in turn opens the energizing circuit for the.

relay 509. .

A further result of the deenergization of the
relay 502 is to open the energizing circuit for the
series locking relays 504 and 661, and these relays
deenergize,

As a result of the deenergization of relay 500,
an energizing circuit is completed for the relay
§07, from negative battery through the winding

f the relay 507, back contact and armature 587,
armature 549 and its front contact, armature 597
and its back contact, armature 581 and its back

-contact, to positive battery.

Deenergization of -

signalling impulses. '
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"The relay 507 is a sending start relay and func-
tions when energized to change the substation
selecting apparatus from a receiving condition to
a sending condition.

Transmission of the station selecting impulses
is now completed and the apparatus is now about
to send back to the office a check code to indicate
the station selection which has been made.

Before explaining the check operations which
are now about to be trahsmitted from the substa-
tion to the office to indicate the station selection
which has been made, the function of the vari-
ous relays which have been parts of the circuits
described heretofore and the manner of their
operations will again be explained with the aid of
Figs. 11 to 16.

These figures are a diagrammatic illustration -

of the sequence and relative period of operation
of the various relays. The numerals which ap-
pear along the top of these figures refer fo the
various relays and devices in the circuit diagram
of Figs. 1 to 7. Along the left hand edge starting
from the top are the legends indicating the suc-
cessive operations which are performed during a
selecting and operating period. Where a vertical
line is shown beneath the numeral of a relay, it
indicates that the particular relay is energized
at that time and where no vertical line is shown,
the relay is deenergized. The vertical lines are
drawn on a scale to indicate the passing of time
at a uniform rate. The length of a vertical line
beneath a relay numeral, therefore, indicates the
period of time during which the relay is ener-
gized. The horizordal lines emanating from the
beginning and end of a vertical line indicate the
effect caused by the energization or release of the
relay. The operating or release time of the relay
ig represented by the short slanting line and the
cireuits affected by the operation of the relay are
indicated by the arrow heads in the horizontal
lines. This will be more clear from the following
description made in connection with Figs. 11
to 13.

By following along the horizontal opposite the
legend “Set Normal”, it will be noted that a ver-
tical line appears beneath the relay 428. This in-
dicates that relay 428 is normally energized. Fol-
lowing along further, there is a further vertical
line under the relay 110 which indicates that
this relay is at this time energized and a further
vertical line is found beneath the relay 480, in-
dicating that this relay is also energized during
the normal period. )

Following along furfher cpposite the legend

“Set Normal” and underneath the substation

end on Fig. 11, a vertical line is found beneath
the relay 508 indicating that this relay also is
energized, as in the case of relay 428 at the office.
A vertical line under relay 120 also indicates that
it is energized. A vertical line under BKR also

_indicates that the breaker is closed.

85

70

78

When the operate key is depressed, the result
of this action is that relay 241 for making a sta-
tion selection, relay 237 for making a tens selec-
tion and relay 229 for making a unit selection are
all energized as indicated by the arrows in the
horizontal line opposite the legend “Operate Key
Pushed.” The vertical lines under these three
relay numerals indicate that these relays will
now remain energized during all of the selecting
and operating periods. The horizontal line ex-
tending from the top of the vertical lines be-

neath the relays 241 and 237 indicates that, as a-

result of the operation of these relays, relay 245 is
energized. This relay also, as shown by the ver-

7
tical line, remains energized during thé remain-
ing operations to be described. The horizontal
line extending from the top of the vertical be-
neath relay 229 indicates that as a result of the
operation of relay 229, relay 236 is energized.

The energization of the relays 245 and 236 as
indicated by the horizontal line extending from
the top of these two vertical lines controls the
energization of relays 404 and 419. These relays
also, as will be noted from the vertical line, will
remain energized thereafter during the remain-
ing operations. Following the horizontal line
from the top of vertical line 404—419, it will be
noted that as a result of this energization of
the start relays 404 and 419, relay 427 is ener-
gized. The vertical line beneath the relay 421
indicates that this relay remains energized only
during the period while selecting impulses are
being transmitted from the office.

The end of the vertical line indicates the de-
energization of this relay.

Following again the horizontal line from re-
lay 427, it will be noted that as a result of the
energization of this relay, relay 430 is energized
to control the transmission of the first impulse
and as a result of which, as indicated by the
horizontal line extending therefrom, relays 43t
and 429 at the office, and relays 811 and 509 at the
substation, are energized. . The horizontal line
extending from the office to the substation indi-
cates the start of the first selecting impulse
transmitted between the stations.

Energization of the relay 429 energizes the
relay 303 as shown by the horizontal line extend-
ing from relay 429.

Relay 303 is one of the group of counting chain
relays including relays 303 to 313. Relay 303,
functions to count the first or blank step.

Tt will be noted that ome other horizontal
line extends from the relay 429 to the relay 428
and the dotted line beneath the arrow of relay
428 indicates that this relay circuit is opened at
this point. However, as explained hereinbefore,
although the circut for relay 428 is opened dur-

- ing the period indicated by the dotted line, this

interval is not long enough to deenergize this
relay, and. relay 428 therefore remains ener-
gized. The dotted vertical lines indicate that
the circuit of the relay is open, but that the re-
14y remains operated owing fo its slow releasing
action, :

Tollowing the arrows to the left of the top of
the vertical line for relay 428, it will be noted
that as a further result of the energization of
relay 429, relays 426 and 425 are energized.
Relay 425.in turn, ds indicated by the next arrow
to the left, deenergizes the relay 430.

The relay 426 is a sending guard relay which

connects the lock-out relay 424, the function of’

which will be explained hereinafter, to the con-
tact of the line relay 429 for a brief period after
the sending of impulses ceases upon the release
of relay 421. This function is to energize the
lock-out relay 424 in case both ends of the sys-
tem should accidentally attempt to transmit im-
pulses simultaneously. This operation will be
made clear hereinafter.

Referring again to the arrow further to the
left from the top of line 425, it will be noted that
the energization of this relay completes an
energizing circuit for the relay 402. This relay
:also, it will be noted from the vertical line, there-
after remains energized during the remaining
operations to be described.

‘Referring now to the effect of the operation at
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the substation end, it will be noted that upon
the energization of relays 511 and 509, relay 508
was cpen circuited, as indicated by the dotted
lines beneath the first arrow, but, as explained
hereinbefore. this relay is of the slow type and
the interval shown by the dotted line is too short
to permit this relay to drop out.

Relay 08 is also energized as a result of the
energization of relay 509 as is the relay 603. All
of these relays have their counterparts at the

office end, the functions of which have all been

fully described.

Energization of the relay 589 furthermore
causes the energization of relay 514 at the sub-
station, which is a start preventing relay and
which operates in response to the first received
impuise to prevent the energization of the start
relays 518 and 530. It will be noted that these
two relays complete their energization circuit
over the armature 534 of relay 5i4, so that
when this relay is energized the circuit for the
start relays is opened. Energization of the relay
514 in turn completes an energization circuit for
the relay 515.
beneath these relays, they will remain energized
during the remaining operations. - Relay 515
being a receiving relay operates to determine
that the substation is to be the receiving end,

Energization of the relay 503 in turn controls
the energization of the.relays 582, 501 and 500
which relays are the receiving sequence relays
and which operate only when impuises are be-
ing received from the office end of the line.
When there is a cessation of the code impulses,
these relays as described hereinbefore, release
successively and control the sequence of local
functions, following the transmission of the
second impulse, : i

Termination of the first impulse is caused by
the release of relay 430 and indicated by the
arrow beneath the relays 589 and 511, but be-
fore this will be described, its effect at the office
end will first be considered. .

Referring then to the chart for the office end,
it will be noted from the dotted line extending
beneath the second arrow under the relay 430
that cne effect of the deenergization thereof is
to deenergize relays 43{ and 429. Deenergiza~
tion of these two relays in turn will again com-
plete the energization circuit for the relay 428
and open the energizing circuit for relays 426 and
425, and also will complete an energizing circuit
for the relay 302 in series with the relay 303.

The deenergization of relay 425 again closes
the energizing circuit for the relay 430, which
thereupon transmits a second impulse over the
line indicated by the third horizontal line ex-
tending between the stations; the second hori-
zontal line indicates the termination of the first
impulse.. Before describing the effect of the sec-
ond impulse, the result of the termination of the
first impulse at the substation, will be explained.

The termination of the first impuise results
in -3 deenergization of relays 511 and 523, as a
result of which relay £82 is energized in serieg
with relay 692, the circuit for relay 563 is opened
and relay 588 again has an energizing circuit.

Referring again to the office end; the ener-
gization of the relay 430 for the transmission
of the second impuise. again energizes relays
43! and 429 at the office and ralays 511 and 509
at the substations. Energization of relay 429
at the office compietes an energizing circuit for
the second counting relay 304 by reason. of the
-energization .of relay :302. The energizing cir-

Ag indicated by the vertical line -
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cult for relay 428 is again opened biit the opén
period is again too short to deenergize this relay.
Rglays 428 and 425 are again energized, the lat-
ter in turn deenergizes relay 439 to terminate
the second impulse. The termination of the
second imoulse again deenergizes relays 431 and
#28 at the office ag a result of which the:second
switching relay 201 is energized and relay 301
upon energizing, opens the energizing. circuit for
relays 2302 and 393,

A further resuit of the deenergization of relay
428 is to again. close the energizing circuit of
relay 428 and to deenergize velays 426 and 425,

Energization of the second counting relay 304
and the deenergization of switching relay 302
completes an energizing circuit for the reiay
418. Relay ‘412 upon energization opens the
energizing ‘circuit for the relay 427 to prevent
furiher energization of relay 430 at this time,
The deenergization of relay 427 in turn deener-
gizes the reiays 304 and 3818 restoring the select-
ing apparatus at the office to normal,

AL the substation the receipt of the second
impulse energizing the relays 514 and 809, causes

the energization of the second . counting chain -

relay 264 and the completion again of an ener-
gizing circuit for the relay 593 and the opening

of an energizing circuit for the relay 508. At the
end of this second impuise interval relay 509 de-

energizes compieting an energizing circuit for the ‘

second switching relay 864, which in turn opens
the energizing circuit for the relays 603 and 602.

A further result of deenergization. of relay 599
is to open the energizing circuit for the relay

593 and close the energizing circuit for the e

relay 388.

It will e recalled that following the second
impulse, further transmission of the impulses
from the office end has been stopped by the de-
energization of relay 427. After an interval of
time, relay 593 deenergizes, in bturn energizing
the station - selecting relay 787 which closes o
temporary locking circuit for itself over armature
788 and its front contact, conductor §64, front
contact and armature 5{3a, back contact and
armature 855 to positive battery. .In the illus-
tration shovwn, the armature 783 is shown
strapped to the conductor 788 so that if two im-
pulses are received for the station selected, re-

sulting in the energizalion of relay 684 as de-

scribed above, which is connected to -armature
188, & circult is'extended to the relay 522 which
indicates the selection of this particular sub-
staticn. If on the other hand, this station were
to be locked out, another of these armatures
than that llustrated, would be strapped to per-
form the locking out operation. Relay 503 de-
energizing also opens the circuit of relay 502
which causes the release of reiays 684 and 601,

After a further interval of time following the
deenergization of relay 862, relay 58f is de-
energized znd this relay in turn after an inter-
val of time, deenergizes the relay 580. Relay
500 in turn upon deenergization completes an
encrgizing cireuit for the relay 557, whereby the
apparatus at the subsitation starts to function
for transmitting a check code back to the office
to indicate the particular station which has been
selected for operation. The detailed description
of these operations will now be given in connec-
tien with Figs. 1 to 7.

As g result of the energization of relay 507 at

-the substation in the manner _described above

for the transmission of check signals back to
the. office, an energizing circuit is completed for
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the relay 510 from negative battery through the
winding of relay 510, the back contact and
armature 574, and the front contact and arma-
ture 515 to positive battery.

Energization of relay 510 operates armatures
5171 and 553 to engage their front contacts and

to impress a signalling impulse upon the trunk»

conductors extending between the stations.

In response to this first check impulse, the
relays 511 and %09 at the substation are ener-
gized. As a result of the energization of relay
509 an energizing circuit is completed for the
first counting relay 603 over the circuit which
has been described in detail hereinbefore. At
the same time the circuit for the relay 508 is
opened but this relay is not deenergized for the
reason explained hereinbefore.

Simultaneously, energizing circuits are com-
pleted for the relays 505 and 506. Energization
of the relay 505 in turn opens the energizing cir-
cuit for the relay 510, thus completing the first
impulsing period. }

At the dispatcher’s office in response to the
first impulse received, the relays 431 and 429 are
energized. In response to the energization of
relay 429 an energizing circuit is completed for
the first counting relay 303 and at the same time
the energizing circuit for the relay 428 is opened,
but as explained hereinbefore the relay 428 is
sufficiently slow so that it will not drop out at
this time. A still further result of the energiza-
tion of relay 429 is to complete an energizing cir-
cuit for the relay 423. Tt will be recalled that
in the period during the transmission of the
station selecting impulses the relay 42T was
energized before the first energization of relay
429 so that no circuit was completed for the
relay 423 at the office. In the present case,
however, relay 427 is, deenergized and, accord~
ingly, an energizing circuit is now completed for
the relay 423,

Relay 423 in conjunction with the relays 422
and 421 comprise the receiving sequence relays
and operate only when impulses are received from
the substation end. After the cessation of im-
pulses these relays are released in sequence and
control the sequence of local functions.

The relay 428, which is energized over a cir-
cuit including the back contact and armature
462, back contact and armature 455 front con-
tact and armature 452, and the front contact
and armature 434, in turn controls an energizing
cireuit for the relay 422 which in turn energizes
relay 421.

As a result of the energization of relay 422
an energizing circuit is completed for the relay
400 from negative battery, through the winding
of relay 480, the armature 470 and its front
contach, armature 48la and its back contact,
make-before-break armature 490c and its back
contact, and the front contact and armature 422a
to positive battery. The relay 499, upon energiza-
tion locks itself over its own make-before-break
armature #400q and its front contact.

At the substation, as a result of the termina-
tion of the first check impulse due to the de-
energization of relay 510, as described herein-
before, the relays 511 and 509 are deenergized.
As a result of the deenergization of the relay
509, the energizing circuit for the relay 508 is
again closed and a circuit is completed for the
first switching relay 692 in series with the first
counting relay 6983. As a further result of the
deenergization of relay 599 the circuits for relays
505 and 506 are opened. As a result of the de-

9

energization of the relay 505, an energizing cir-
cuit is again completed for the relay 510 which
thereupon energizes to transmit the second check
impulse back to the office.

At the dispatcher’s office following the termi-
nation of the first check impulse, an energizing
circuit is again completed for the relay 428 and
the circuit for the relay 4238 is. opened, but this
relay does not have time to deenergize during
the interval between the termination of the first
check impulse and the starting of the second
check impulse. A further result of the termi-
nation of the impulse and deenergization of relay
429 is to complete an energizing circuit for the
first switching relay 302 which energizes in series

with the relay 303 in the manner which has been

described in detail heretofore.

At the substation,as a result of the energization
of relay 510 for the transmission of the second
impulse and the resulting energization of relay
509, an energizing circuit is completed for the
second counting relay chain 604. A further re-
sult is the opening of the energizing circuit for
the relay 588 as described heretofore but which
has no effect and the energization of relays 506
and 505.

The energization of relay 585 in turn again
opens the energizing circuit for the relay 510 thus
terminating the transmission of the second check
impulse. At the dispatcher’s office, in response
to the receipt of the second check impulse, the
relay 429 is against energized and in turn opens
the energizing circuit for the relay 428 and com-
pletes an energizing circuit for the relay 423.
A further result of the energization of relay 429
is'to complete an energizing circuit for the second
counting relay chain 304 at the office.

Removing energy from the trunk conductors
for the termination of the second impulse causes
the deenergization of the relay 509 at the sub-
station. As a result of the deenergization of
the relay 509, the energizing circuit for the relay
508 is again closed and the energizing circuits
for the relays 505 and 506 are opened.

As a further result of the deenergization of
relay 508 at this time, an energizing circuit is
completed for the relay 601 which energizes in
series with the relay 604 and in turn opens the
energizing circuits for the relays 603 and 602.
These two relays thereupon deenergize. Upon
the deenergization of the relay 602 and as a
result of the energization of relay 604, an ener-
gizing circuit is completed for the relay 525 from
negative battery through the winding of the relay
525, back contact and armature 580, back con-
tact and armature 551, back contact and arma-
ture 552, back centact and armature 568, arma-
ture 532 and its back contact, armature 638 and
its back contact, armature 639 and its front con-
tact, armature 640 and its front contact, front
contact and armature 7183, conductors 788 and
638, and the front contact and armature 554
to positive battery.

As a result of the energization of relay 525,
the locking circuit of station selecting relay 187
is opened at the armature 558 and at the same
time the relay 525 locks itself over armature 555.
A further result of the energization of relay 525
is to open the ‘energizing circuit for the relay
507 at armature 597 and this relay deenergizes.
As a result of the deenergization of relay 507
the energizing circuits for the relays 604 and 60!
are aopened and these relays are deenergized.

A further result of the deenergization of re-
lay 587 is to prevent the transmission of further
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checking impulses at this time. At the office end,
as a result of the termination of the second check-
ing impulse’ the relay 428§ is deenergized, ‘again
completing the energizing circuit for the relay 428
and- opening the energizing circuit for the relay
423 :

A further result of the deenergization of relay
429 is to complete an energizing circuit for the
switching over relay 80f which energizes in se-
ries with the relay 324 and which opens the series
energizing circuit for the relays 382 and 383.

An interval after the deenergization of the re-
lay423 sufficiently long to permit the deenergiza-
tion of relay 422, this relay deenergizes and fol-
lowing the deenergization of relay 422 after a
sufficient interval of time, relay 421 deenergizes.
It will be recalled that during this period no fur-
ther checking impuises are being received from
the substation.

As a further result of the deenergization of re-
lay 423, an energizing circuit is completed for the
relay 145, the circuit extending from negative
battery through the winding of this relay, con-
ductor 353, back contact and armature 464, back
contact and armature 485, front contact and ar-
mature 4686, and the back contact and armature
423¢c to positive battery.

This circuit is completed during the period
foliowing the deenergization of relay 428 and be-
fore the relay 421 has had time to deenergize in
response thereto. :

Energization of the relay 145 in turn. com-
pletes an eunergizing circuit for the relay 401
from negative battery tiirough the winding of the
relay 401, conductor 351, the front contact and
armature 155, conductor 352, front contact and
armature 4358, armabture 268 and its front con-
tact, conductor 267, conductor 161, and the front
contact and armature 329 of relay 304 which it
will'be recalled is the second counting relay chain
energized, front contact and armature 330, back
contact and armature 331, the back contact and
armature 332, conductor 334, armature 459 and
its front contact to positive battery."

As a result of the energization of relay 491, the
energizing circuit for the relay 400 is opened at
armature 481a which disengages its back contact.

From the above description it will be noted that
the relay 40i was energized over a circuit which
included a contact of the energized station selec-
tion relay 241 and of the counting relay 304. Re-
lay 401 therefore functions as a check code re-
sponsive relay, which operates when the proper
station selection has been checked and in turn
funhctions to release the check control relay 400.

The check control relay 400 operates when the
office is the originating end and impulses are be-
ing received from: the substation for checking
the selection. If the station, group, or point se-
lection. check impulses.received from the substa-
tion do not agree with those sent from the office
for making a selection, the relay 401 will.not en-
ergize in the manner described - above, and,. ac-
cordingly, will not deenergize the relay 400. Re-
lay 400 will therefore remain energized and in
that event the office selecting apparatus will op-

- erate through the entire counting chain and re-

70
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store the set to normal by energizing the release
start relay 494 in a manner described hereinafter.

In multiple with the circuit traced above for
the relay 421, an energizing circuit is completed
for the relay 120 from negative battery through
the winding of relay 125, armature (52 and its
front contact, conductor 161, over the front con-

21,284

tact and armature 328-and thence over the cir-
cuit is traced above, :

" Relay 411 is thereupon energized over s cir-
cuit from negative battery through the winding
of relay 411, conductor 358, armature 183 and its
front contact, armature 152 and its front contact
and thence to positive battery over the circuit as
traced above for relay 125,

Relay 4if upon energization locks itself over
its armature §iig and its front contact and at
this same armature provides a locking circuit for
the relay 125 over armature {38 and its front
contact, conductor 353 to armature 4iie and its
front contact. The relay 441 is the station
switching relay.

As a further result of the deenergization of
relay 422, the series locking cireuit for the relays
204 and 301 are opened at armature 4220 and
these relays are deenergized.

Following the deenergization of relay 42{ in
the manner described above, at a sufficient period
after the last check impulse has been received,
the circuit for the relay 145 is opened at the
armature 466 which disengages its front con-
tact. ' This relay therefore deenergizes in turn
cpening the energizing circuit for the relay 40f
which thereupon also deenergizes.

A further result of the deenergization of the
relay 421 is to complete an energizing cireuit for
the relay 4271 over the circuit traced hereinbe-
fore, including the back contact and armature
481, armature and front contact 478, back con-
tact and armature 479, hack contact and arma-
ture 416 to positive battery,

Relay 42T thereupon energizes and in. turn
completes an energizing circuit for the relay 138,
as described in detail hereinbefore. Impulses
are then transmitted over the signailing trunks
432 and 433 in ‘the manner described in de-
tail above, which therefore needs no further re-
beating. The sequence of these operations is
diagrammatically illustrated in Figs. 11 to 13.

As in- the case of the station selection, two
impulses are transmitted for making & group
selection. At the end of the transmission of the
two impulses, relays §16 and 417 are energized.
It will be recalled that following the transmis-
sion of the two impulses for making the siation
selection, relay 418 was energized to stop further
impulsing. The same function is now performed
by the relays 418 and 4i{7 which operate
over a circuit now to be described following the
transmission of a group selection to stop further
impulses.

This circuit is completed from negative bat-
tery through the windings of these two relays
over the make-before-break armature 2{8b and
its back confact, the front contact and armature
467, front contact and armature 458, conductor
354, front contact and srmature 131, armature
214 and its fromt contact, conductors 267 and
161, front contact and armature 329, front con-
tact and armature 338, back contact and arma-
ture 331, back contact and armature &32, arma-
ture 459 and its back contact, and armature
£240b and its front contact to positive battery.

It will'be noted that this circuit iz completed
through the armature 2714 of relay 237, which
is the group selecting relay and through the ar-
mature 32§ of the counting relay 308, which is
operated’ following the operation of the correc
number of impulses.

At the substation in response to this group
of impulses for making a group selection, relay
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the winding of this. relay, conductor 683, over
the back contact and armature 558, back con-
tact and armature 557, front contac¢t and arma-
ture 548, back contact and armature 541, front
contact and armature 558 and the back contact
and armature 537 to positive battery.

This .circuit, it will be noted, is completed
following the receipt of the two group selecting
impulses at an interval of time, during which
the slow to deenergize relay 503 has had time

. to drop its armature to its back contact, but

before the relay 501 has similarly dropped its
armature.

Relay 182 closes a temporary locking circuit
for itself over armature 190 and its front con-
tact, conductor 666, front contact and armature
5150, back contact and armature 5245 to posi-
tive battery. . )

As a result of the energization of the relay
182, group selecting relay 7100 is energized from
negative, battery, through the winding of this
relay, over armature 181 and its front contact,
front contact and armature 640 of the second
counting chain 604, which is at this time ener-

‘ gized, front contact and armature 639 of the

switch relay 601, which is at this time energized,
back contact and armature 638, back contact
and armature 6§32 and armature 568 and its
front contact to positive battery. .

As a result of the energization of relay 700,
an energizing circuit is completed for relay 521
from negative battery through the winding of
relay 521, conductor 670, and the front contact
and armature 143 to positive battery over the
circuit traced above for the relay T00.

Relay 521 upon energization locks itself over
its armature 559 and this same armature com-
pletes a locking circuit for the group relay 700.
The relay 521 is the group switching relay which
operates when the group relay has been selected
and prepares the apparatus at the substation
for the transmission of the check signals to
indicate the group selection. As in the case of
the station selection, a sufficient interval of time
after the last selecting impulse. has been re-
ceived, relay 500 deenergizes completing an en-
ergizing circuit for the relay 507 and check im-
pulses are thereupon transmitted back to the
office to indicate the group selection which. has
just been completed at the selected substation.

The checking impulses, which again are two
in number, are terminated following the trans-
mission of two impulses, upon the energization
of relay 524, the circuit for which extends from
negative battery through the winding of relay
524, front contact and armature 550, back con-
tact and armature 851, back contact and arma-
ture 552, back contact and armature 568, arma-
ture 632 and its back contact, armature 638 and
its back contact, armature 639 and its front con~
tact, armature 640 and its front contact of the
counting relay 804, front contact and armature
181, front contact and armature T43, conductor
670 and the front contact and armature 559 to
positive battery. )

It will be noted that this circuit is completed
over the second relay 694 of the counting chain
which is energized following the transmission
of the second checking impulse.

Energization of relay 524 opens the energiz-
ing circuit for the relay 507 which was previously
completed over the armature 560 and its front
contact and the back contact and armature §61.
Upon the deenergization of relay 507 further
impulsing is stopped. ’

11
At the office, upon receipt of the two checking
impulses, the group selecting relay 150 is ener-
gized over a circuit from negative battery through
the winding of this relay, conductor 3565, back con-
tact and armature 469, back contact and arma-
ture #15a, front contact and armature 465, front
contact and armature 466, and the back contact
and armature #23c to positive battery. This cir-
cuit, it will be noted is completed an interval of
time after receipt of the last check impulse which
is sufficient to permit the relay 423 to drop its
armature to the back contact, but before the relay
421 can drop its armature to its back contact.

As a result of the energization of relay 150, an
energizing circuit is completed for the group
selecting relay 122 from negative battery through
the winding of this two relay armature 132 and
its front contact, armature 1593 and its front con-
tact, conductor 161, front contact and armature
329 and thence to positive battery over the circuit
which has been traced hereinbefore.

As a result of the energization of relay 122, an
energizing circuit is completed for the relay 4i0
from negative battery though the winding of
relay 419, conductor 356, the armature 133 and its
front contact, and thence to positive battery over
the circuit traced for relay 122.

Relay 410 upon energization locks itself over
its armature 411 and completes a locking circuit
for the relay 122 over this same armature.

Thereaiter, following the deenergization of re-
lay 421, the apparatus is now again set into oper-
ation transmitting the last group of impulses
which are the final or point selecting impulses.
In the present case it is assumed that five such
impulses are transmitted in accordance with the
set-up made at the office. These impulses are
transmitted in a manner which has already heen
described in detail hereinbefore, the counting
chain relays 303, 364, 305, 306, and 207 being en-
ergized in sequence during-the transmission of
each of these impulses. At the substation in re-
sponse to receipt of these impulses, counting chain
relays 603, 604, 605, 606 and 607 are energized In
sequence,

When the fifth counting chain impulse has
been transmitted, an energizing circuit is com-
pleted for the relay 415 from negative battery
through the winding of relay 415, the make-be-
fore-break armature 472 and its back contact,
through the front contact and armature 413,
front contact and armature 474, conductor 357,
front contact and armature 134, armature 275 and
its back contact, armature 276 and its back con-
tact, armature 271 and its back contact, arma-
ture 2718 and its front contact of the point code
relay 259, conductor {62, front contact and arma-
ture 340 of counting chain relay 307, front contact
and armature 330, back contact and armature
331, back contact and armature 332 and over
conductor 334 to postiive battery over the circuit
traced herinbefore.

Relay 415 functions like relays 416, 417 and
4i8 to stop the transmission of further point
selecting impulses following the transmission of
the correct number of such impulses. At the sub-
station upon receipt of the Ilast point selecting
impulse, counting chain relay 687 is energized.

An interval of time after receipt of the last
point selecting impulse sufficiently long to per-
mit the relay 503 to drop its armature to its back
contact, but before the relay 501 can drop its
armature to its back contact, an energizing cir-
cuit is completed for the point selecting relay
180 from negative battery through the winding of
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this relay, conductor 887, back contact and arma-
ture 580, front contact and armature 556, back
centact and armature 557, front contact and
armature 848, back contsct and armature 841,
and the front contact and armature 558 and back
contact and armature §37 of relay 553 to positive
battery.

Relay 780 closes a temporary locking circuit
for itseif:

As a result of energization of relay 788, an en-
ergizing circuit is compieted for the point select-
ing relay T14 from negative battery through the
winding of relay 7i(4, armatire 145 and its front
contact, armature 79! and its front contact, front
contact and armature 648 of counting relay 681,
front centact and armature 823, back contact and
armature 838, back contact and armature 532 and
armature 588 and its froni contact to positive
battery. .

Relay 528 is thereupon energized over a cir-
cuit from negative battery, through the winding
of relay 520, conductor §71 snd the front con-
tact and armature 745 of relay 714 to positive bat-
tery over the circuit traced ahove for relay T14.
As- a result of energization of relay £28, a lock
ing eircuit is completed therefor at the armature
579. This also provides 3 locking circuit for the
relay Ti4. Circuits are now prepared over the
armatures 787 to 748 of relay. 14 for operstion
and supervision of the associated preaker.

Energization of relay 520 again completes an
energizing circuit for the relay 597 following the
release of relay §88 over armature 557, armature
562 and its front contact, the back contact and
armature 563, and the back contact and armature
564 tc positive battery. Relay 587 upon energi-
zation starts the transmission ¢f the check code
back to the dispatcher’s office in a mannser which
has been described in detail hereinbefore and
which is diagrammatically illustrated in the
charts shown in the Figs. 11 to 13

Five impulses are transmitted back to the office
in accordance with the point selection made at
the substation While these impulses are being
transmitited back to the ciiice, the counting chain
is again oberated, energizing the relays 3G3, 304,
305, 208 and 307, in sequence.

At the substation, upon the transmission of
the last impulse, an energizing cireuit is com-
bleted for the relay 323 from negative battery,
through the winding of relay 523, over the front
contact and armature 554, kack contact and ar-
mature §82, back contact and armature 568, ar-
mature £32 and its back contact, armature §38

. and its back contact, armature 6§39 and its front

contact. armature §43 and its fromt contact of
counting chain relay 857, front contact and ar-
mature 784, front contact and armature T44 of

relay 182 snd armature 74% and its front contact

of relay 714 to positive battery as traced herein-~
bhefore.

Relay 523 upon energization, locks itself over
its-armature 565 and at armature 553 opens an
energizing circuit for the relay 507.

- The manner in which impuises are transmitted
and stopped both for the selection and check are
new cbvieus. Thus, it will be noted that the
relay 36% at the substation, which controls the
transmission of the checking impulses, is provided
with three multiple cireuits éver which. it may be
energized. These circuits include the armature
549 and its front contact, armature 582 and its
front contact and armature 552 and its front
contact. Armature 549 is controlled by the relay
522 which, it will be recalled, was energized fol-
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lowing- the receipt of the station selecting im-~
pbulses, thus starting the transmission of station
check impuises.  Armature 560 is comtrolled Ly
the relay 521 which was energized: fogllowing the
receipt of group selection impuises, and arma-
ture 562 is controlied by the relay 528 which is
energized following receipt of the point selection
impulses.

Similarly, the same relay 507 is deencergized by
armatures 597, 561, 583 of the relays £208, 524 and
E23, respectively. ' i

The relay 525 it will be recalied is energized
following the transmission of the last check im-
pulse indicating the station selection, and, at its
armature $87 opens a circuit for the relay 507
to terminate the transmission of such impulses.
- Relay 824 was energized following the trans-
mission of the group selection. check ithpuises,
and, at armature 58!; opens a circuit Tor relay
507 and finally, relay 523 was energized following
the point selecting check impulses to open the
circuit of the relay 507 at armature 563:

" The control of the transmission and stopping
of the selecting and checking impulses at the
dispatcher’s office is effected in g similar manner
when the system is started -into operation from

the substation. In this instance the relay 427 is.

energized over the armatures 415, 418, and 471
of relays 4¢1, 318 and 488 respectively, and 1s de-
energized at armatures 479, 418 and 485. of reiays
444, 413 and 412 respectively. :

Now the last. checking impulse is transmitted
from the substation in the manner described
hereinbefore. v

The point selection control relay 147 is ener-
gized an interval of. time following the receipt
of the last impuse which is sufficiently long to
permit the relay 423 to drop its armature £23a to
its back coutact, but hefore the relay 421 can
similarly drop its armature. This eircuit extends
from negative battery through the winding of re-
lay 147, conductor 358, the back contact and
armature 438, front contact and armature 469,
back contact and armsture 418a, front contact
and armature 454, back contact and armature
458, front contact and srmature ‘488, and back
contact and armature 4323z to positive battery.
Relay 4T upon energization completes an ener-
gizing circuit for the relay
hattery through the winding ‘of relay 1{5, the
armature {86 and its front contact, armature 63
and its front contact, front contact and arma-
ture 349 of counting relay 287, front contact and
armature 320, back contect and armature 331,
back centact and armature 322, and over con-
ductor 334 to the armature 458 of relay 421 and
its front contact to positive battery. i

As in the case of the checking for the station
and group selection, the relay 488 was energized
at the beginning of point check. MNow, at the
termination of the point check, relay 884 ener-
gizes and in turn opens the energizing circuit
for the relay 408. As a result of energization of
reiay {18, an-energizing circuit is completed for
the relay 488, from the negative battery, through
the winding of the relay £63 over the conductors
488.and 285, the front contact and armature 136
to positive battery over the circuit traced for
relay {45, Energization of relay 489 operates its
armature 48! to engage its front centact, pro-
viding a locking circuit for the relay 482 and for
the point selecting relay 115, -

The check impulses have now indicated that

the station, group and point selection which have

been made at the substation-are in accordance
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with the code which was transmitted. In mul-
tiple with relay 115, an energizing circuit is also
now completed for the lamp 181 which is there-
upon illuminated to indicate to the dispatcher the
selection which has been made.

The dispatcher will now operate his master

control key 211 to transmit a code for operating -

the selected breaker in the selected group and
To this end he
will first operate the control key 103 for tripping
the breaker. This closes a circuit for relay 314
over contact 105 of key 103 and front contact and
armature 164. Then, upon depression of key 211,
an energizing circuit is completed for the relay
401, which is the control key relay operating in
response to the master control key operation,
over a circuit from negative battery through the
winding of relay 407, through the contact 212 of
the master control key 211 and over the front
contact and armature 136 to ground over the
cireuit described heretofore for relay 118.

Relay 407 upon energization, locks itsell over
its armature 407q and its front contact, to positive
battery on armature 481, and at armature 401b
completes an energizing cn'cult for the relay 421
which circuit, coming over armature 477 and its
front contact, is extended over the back contact
and armature 406c and the back contact and
armature 485 to positive battery.

Relay 427 upon energization starts the trans-
mission of operation control impulses, which for
the desired circuit breaker operation is in the
present case four impulses in number. The trans-

‘mission of these impulses is accomplished in ex-

actly the same manner as those for the selection
and similarly causes the energization of the
counting relay chain.

To stop the transmission of the impulses for
making a trip operation, the relay 406 is ener-
gized, as soon as counting relay 306 operates, over
a circuit from negative battery, through the

winding of relay 4086, front contact and armature

416c, front contact and armature 483, conductor
425a, front contact and armature 342, front con-
tact and armature 359, conductor 360, and the
front contact and armatire 484 to positive
battery.

Relay 486 upon energization opens the ecircuit
for relay 427 but this relay still has an energizing
cireunit over armature 461 and its front contact,
and front contact and armature 446, in order to
prevent the mutilation of the fourth impulse. At
the end, however, of the fourth impulse, relay
429 deenergizes, whereupon the relay 427 is de-
énergized to terminate the transmission of the
operation control impulses to the substation.
Upon receipt of the last of the operation control
impulses at the substation, relay 03 deenergizes

‘after an interval of time in the manner which has

already been described in connection with other
operations.

An energizing circuit is now completed for the
relay 519 from negative babtery through the

. winding of relay 519, the front contact and arma-

fure 518, front contact and armature 580, front
contact and armature 556, back contact and ar-
mature 551, front contact and armature 948,
back contact and armature 547, the front contact

and armature 558 and the back contact and

armature 537 to positive battery.

The relay 519 upon energization completes an
energizing circuit for tripping the breaker over
a circuit from positive battery over armature 565
and its front contact, conductor 518¢, armature

13
661 and its front contact, conductor 662, armature
749 and its front contact and through the trip
magnet 130 to negative battery.

As a result of the energization of the trip mag-
net 130, the circuit breaker associated therewith
is operated to its trip position.

Supervisory signals are now to be sent back to
the office indicating the tripped condition of the
breaker. One of the resulis of the cperation of
the breaker to its tripped condition is to compiete
an energizing circuit for the relay 644 from posi-
tive battery over the front contact and armature
545, through the winding of the relay 644, con-
ductor 650, armature 7471 and its front contact,
armature 180 and its back contact of the relay
723 which has been open-circuited, as the result
of the tripping of the breaker, to negative battery.

One further result of the deenergization of.

relay 72@ is to momentarily open the locking cir-
cuit for the relay 725 as the armature 788 moves
from its front to its back contact. The resultant
deenergization of relay 125 has no effect for the
present although in the case of operations at the
substation, due to an automatic cperation of a
breaker, the deenergization of relay 725 would

function to start the apparatus into operation in-

a manner which will be described hereinafter.

As g result of the energization of relay 644, an
energizing circuit is completed for the relay 517
from negative battery through the winding of
relay 511, front contact and armature 518, back
contact and armature 571, conductor 503a¢ and
the front contact and armature 653 to positive
battery. Relay 517 closes a locking circuit for
itself over armature 517Ta to positive battery.

The energization of the relay 517 opens the
locking circuit for the relay 502 which was pre-
viously completed following the operation control
impulses over the armature 572 and its front con-
tact, the back contact and armature 573, the front
contact and armature 563 and the back contact
and armature 564.

Relay 502 is thereupon deenergized and in turn
deenergizes the relay 501 which in turn restores
the counting chain to its normal condition. Upon
deenergization of the counting chain, relay 644
and the tripping magnet T30 are also deenergized.

As a result of the deenergization of relay 58!,
an energizing circuit for the relay 500 is opened
and the circuit for the relay 5t9 is also cpened
and this relay is deenergized. The deenergiza-
tion of relay 500 completes an energizing circuit
again for the relay 507 from negative battery
through the winding of relay 587, back contact
and armature 567, front contacts and armatures
513 and 563 and back contact and armature 564
to positive battery. Relay 507 thereupon starts
the system into operation for transmission of the
supervisory signals to indicate at the office the
operation which has been performed at the sub-
station. Four supervisory impulses are irans-
mitted in accordance with the trip operation of
the breaker. The manner in which this is ac-
complished has been described in connection with
the check code and need not be described again.

During the transmission of the fourth impulse,
the counting chain relay 606 is energized as has
already been explained and this in turn con-
pletes an energizing circuit again for the relay
644 over the circuit described hereinbefore.

Energization of the relay 644 completes an
energizing circuit for the relay 518 from negative
battery through the winding of relay 58 over
front contact and armature 517b, the front con-
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contact and armature 659 to positive battery.
Energization of the relay 918 opens the circuit
for the relay 597 at the bhack contact and arma~-
ture 564 so that relay 587 is deenergized to ter-
minate further supervisory impulses. After an
interval of time relays 585 and 506 are deener-
gized in a manner described hereinbefore. - De-
energization of the relay 587 also restores the
counting chain to its original condition which
in turn will result in the deenergization of relay
644 to its original condition. In this manner the
supervisory impulses transmitted from the sub-
station are terminated. These impulses are re-
Treceived at the office end in the manner described

. hereinbefore for operating the counting chain

thereat in the usual manner.

The lecking circuit for the relay {10 over its
armature contact to negative battery is there-
upon by-passed over front contact and armature

- 186, conductors 165 and 361, front contact and

armature 488«, conductor 408d, front contact
and armature 362 of the counting relay. 308, to
positive battery.

Relay (13 is thereupon dropped out and its

) armature {27 dropped to its lower contact, corn-

pleting a circuit for the green “tripped” lamp
i06 and opening the circuit for the red “closed”
lamp 102, thus indicating that the breaker has
been tripped.

An interval after the deenergization of relay
423, relay 422 deenergizes, and relays 388 and
302 are deenergized and their locking circuits
are opened. TUpon the deenergization of relay
422 and while relay 408 is siill energized, an en-~

-ergizing circuit is completed for the relay 494

from negative battery through the winding of
the relay 491, armature 4893 and its front con-
fact, armature 408b and its front contact, and
the back contact and armature 4220 to positive
battery. Relay 4581, upon energization, locks it-
self over an obvious energizing circuit including
its armature 491¢ and completes an energizing
circuit for the relay 405 fromy positive battery
over armature 4916 and its front contact and
through the winding of the relay 405 to negative

“battery.

50..

55

60 .
functions at this time.
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Energization of relay 495 completes an obvi-
ous energizing circuit for the relay 430 for the
transmission of a restoring impulse to the sub-
station. i

As a result of the impulse transmitted over the
line in response to the energization of relay 430,
relay 429 is energized, opening the circuit of the
relay 428. A further result of the energization
of the relay 429 is to complete an energizing cir-

“cuit for the relay 423 which in turn completes

energizing circuits for the relay 422 and relay
42!, A further result is that counting relay 303
is again energized over a circuit which should
now be obvious. Al these relays. perform no
After an interval of time,
however, relay 428 will drop out.

It will be noted that, although heretofore re-
lay 429 was not deenergized long enough to per-
mit relay 428 to drop out, in the present instance,
the relay 430 is energized continuously over the
circuit controlled by relay 465 for a sufficiently
long time o permit relay 428 to drop out, which
in turn, causes the deenergization of relays 241,
231, 245, 229, 235, 404, 419, 402, 423, 422, 4214, 3083,

122 and 115. It is to be noted that only the posi-
tive symbol surrounded by a double circle signi-
fies a direct connection to positive battery, while
all points showing a positive symbol surrounded
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by a single circle derive their positive battery
through armatures and front contacts 435 and
995 of relays 428 and 508 at the office and sub-
stations respectively. Relay 420 now energizes
over the back contact and armature 435 of relay
428. Deenergization of relay 115 in turn causes
the deenergization of relay 3{4. Deenergization
of the relay 49! in turn opens the energizing
circuit for the relay 495 which, after an interval
of time, permits its armature to drop to the back
contact, opening the energizing circuit for the
relay 430 and thus terminating the restoring im-
pulse.

An interval after the deensrgization of relay
43¢, relay 428 is deenergized in turn energizing
relay 428, and reiay 420 is thereupon deensrgized.
Relay 420 delays starting from the office after
release long enough to allow substations to seize
the line for indications which may be waiting,
The apparatus ab the office is now restored to
normal in preparation for the transmission of
further impulsing.

At the substation, when the restoring impulse
is received, resulting in the energization of relay
811 which in turn energizes relay 808, an energiz-
ing circuit is completed for the relay 583, over
a circuit already described, and an energizing

circuit is completed thereby for the relay 502
which in turn completes an energizing circuit for

the relay 501 which in turmn energizes relay 590.
At the same time, the energization of relay 509
opens the energizing circuit for the relay 508.
As was the case at the office, the impulse is on
the line long enough to permit the relay 588 for
the first time to drop cut. When relay 528 has
dropped out, it opens the energizing circuit for

relays E18, 5§14, 503, 502, 561, 500, 503, 522, 521,

520, 525, 324, 523, 511, 5!8, 780 and T!4 which

are all deenergized.  Affer an interval of time

the impulse terminates, as described heretofore
and relay 589 is deenergized, thereupon again
completing an energizing circuit for the relay 508
and the apparatus at the substation is again in
a normal condition. :

In the foregoing paragraphs only the opera-
tions which oceur when operations are originated
at the office have been described. Operations
may also be originated at the substation as a
result of an automatic operation of a breaker
at the substation. In such an event it is desira-
ble to immediately advise the dispatcher of the
operation of a breaker by changing the super-
visory signalling lamp individua! to that par-
ticular breaker in accordance with the new con-
dition of the breaker.

In order to explain the operations which occur
when operations are originated at the substation
since they are very similar to those which occur
when operations are originated at the office, a
brief résumé will first be given of the operations
which oceur as a result of the origination at the
office as described in detail in the above and this
will be followed by a brief analysis of the operg.~
tions originating at the substation as a com-
parison.

When operations originate at the office, it will
be recalled, that following the selective energiza-
tion .of predetermined ones of the code control-
ling relays such: as the group of relays 241 to
244, relays 484 and 419 were energized, which, in
turn, control the energization of relay 421 and
relay 428, which, upon energization, in turn, com-
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relay 430.
Thereafter, a series of station selecting im-
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pulses were transmitted from the office. to the
substation, the number of such impulses being
determined by relay 418 which energized under
control of one of the station code. controlling
relays after the proper number of impulses had
been transmitted.

At the substation, relay 522 was energlzed
Thereupon a station check code was transmitted
back from the substation to the office, the send-
ing of this code being under control of the relay
525 which energized after the correct number of
impulses had been transmitted.

At the office, a station selection relay such as
relay 125, was energized and at the same time
relay 411 was energized. Thereupon, the office
sent a group selection code which code was
stopped by the energization. of the relays 416
and 411, the energization .of ‘which in turn was
controlled by the group code’controlling relays,
such as relays 23T to 240.

At the substation, in response to the group se-
lecting relays, a group relay. such as 100 to 704
was energized and relay 521 was energized.

The substation, thereupon sent a group check
code back to the office. The sending of this code
was in turn stopped by the relay 524 which was
controlled by the particular. group seélection
which had been made at the substation. - At the
office, in response to the. group check code re-
ceived, a group relay such as 122 was energized
and relay 410 was energized.

The office how sent a point code which was
controlled and stopped by the relay 41% under
control of the point code control relays, such as
the group of relays 226 to 235.. At the substa-
tion, in response to this point selection code, a

energized.

The substation now sent a pomt check code
pack to the office which was stopped by the relay
523 in accordance with the point selection relay
which had been energized at the substation. At
the office, in response to this point selection check
code, a point selection relay such as.relay. 115
was energized and relay 409 was energized.

With the apparatus in normal non-operating
condition, if an automatic operation of a breaker
occurs at the substation, the apparatus is started
into operation, or originated, at the substation.
This occurs in the following manner.:

Tt will be assumed for purposes of illustration
that the breaker  associated with the auxiliary
switch 784 is automatically operated into its
tripped position, it being shown, in the present
illustration, in its closed position. Thereupon,
relay 120 is deenergized Dby -the. opening of the
auxiliary switch T34. . Upon deenergization. of
the relay 720 the armature 7138 moves from its
front to its back contact, momentarily opening
the energizing and locking circuit for the relay
125. It will be noted that relay 125 is shown
Jocked over its own armature T38. When this
circuit is opened by the momentary movement
of armature 713§ from its front to its back con-
tact, relay 725 is deenergized, its original energiz-
ing circuit being open at this time. At this time,
it will now be noted that the deenergization of
relay 725 occurs regardless of whether relay 720
, is energized or deenergized as a result of an auto-
matic or manual closing or tripping, respectively,
of the associated breaker. In either case, ar-
mature 139 will momentarily open the locking
circuit for the relay 125. Upon deenergization of
relay 125, armature 138 drops to its back contact

21,284

point selection relay such as T14 or 1 {5 was ener--
gized and at the same tlme a relay 520 was -

15

completing an energizing circuit for the relay 702.

As 3 result of the energization of relay 102, an

energizing circuit is completed from positive bat-- -~

tery over armature 153 and its front contact, con-

ductors 154 and 672, back contact and armature

544 and through the winding of the relay 516 to
negative battery. A multiple circuit also extends
through the winding of the relay 530 to negative
battery. Relays 530 and 516 are thus energized,
and relay 516 in turn locks itself over its arma-
ture 545 and the back contact and armature 569
to positive battery. An  energizing. circuit is
thereupon completed for the relay 507 from nega-
tive battery through the winding of the relay 581,
the back contact and armature 567, front contact
and armature 516a back contact and armature
529a to positive battery.

The manner of impulsing from the substatlon
to the office and the transmission of supervisory
gsignals are from this point on exactly the same
as described above, except for the following: .

The first impulses: transmitted from-the sub-
station are the station selecting codes for indi-
cating the particular station from which the su-

‘pervisory signals are being received.. These im-

pulses are stopped after the correct number of
impulses have beean transmitted by energization
of the relay 529, the circuit for which is com-
pleted over the front contact and armature 530a,
conductors 598, 673 and 155 and the counting
chain relay 604 for this particular:station.

At the office, in response to these impulses, a
station selecting relay, such as 125, is energized.

At the same time, relay 4fl is energized and
the office sends back to the substation a station
check code indicating the. selection made at the
office in response to the code transmitted from
the substation.

This code when received at the substatlon au-
tomatically permits transmission of a second code
for indicating the group selection 'in accordance
with the group in which the particular breaker,
which is ‘automatically operated, is located.

This check code, transmitted-from the office to
the substation, is stopped by energization of the
relay 414 when the proper counting chain-relay
has been energized and this circuit is controlled
over the counting relay chain and the particular
station: selecting relay which has been energized
previously by the code received from the substa-
tion.

At the substation in- response to thls check
cade, the relay 522 is energized and the substation
now sends a group selection code. - This group
selection code is in turn stopped by energization
of the relays 527 and 528 which are energized over
the counting chain and the particular group con-
trol relay such as 102 of the groupin which the
automatically operated breaker is located. - At
the office, in response to the group selection code
received, a group selecting re]ay such as 122 and
relay £10 are energized.

Energization of relay 410 permits the transmis-
sion from the office of a group check code which
is in turn stopped by the energization of the relay
413 controlled. over the counting chain and the
particular group selecting relay such as (22 which
is energized by the Teceived code. .

At the substation, in response to the group
checking code received there, a group selection
relay such as 180 is energized and relay 521 is
energized. The substation now sends & point se-
lection code, the number-of impulses for which
is - determined - and controlled by the relay- 526
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which stops the transmission of such impulses
upon energization. )

At the office, in response to a point selection
code, a. point selection relay such as 118§, is en-
ergized and the relay 489 now energizes to trans-
mit the point selection checking code. .The im-
pulses in the point selection .code are stopped by
the relay 4!2 which is energized over a circuit in-
cluding . the counting chain and the particular
point selecting relay which has been energized
by the previous code.

At the substation, in respoase to the point selec-
tion checking code, a point selection relay, such
as Tl4, energizes and the relay 520 energizes.

The substation now sends 4 -supervisory code
in accordance with the particular breaker which
has been operated, in a manner described in con-
nection with the previous description of copera-
tion initiated at the office. :

At the office, in response to the supervisory
code, a relay, such as relay 110 is operated, which
in turn controls the supervisory lamp to indicate
the remote circuit breaker operation.

It should be noted, that when the substation

<25 sends a supervisory signal to record an automatic

30

&
L

operation, relay 253 is energized over a cirzuit
from negative battery through the winding of
relay 253 and over front contact and armatures
of relays 412 and 408 which had previously en-
ergized to positive battery. The alarm lamp 203
is illuminated over a circuit including the arma-
ture 268 of relay 253 and the alarm bell 204 is
also operated over a circuit controlled by relay
283, thus advising the dispatcher that a super-

.85 visory signal has been received.

40

55

7

It may happen that the equipment jams at -

any selecting position due to line troubles or other
reasons. In such cases, it is desirable to reset
the apparatus in order that a second opportunity
for operation may be provided.

"This is accomplished by pressing the release or
reset key 208. Operation of the reset key 208 to
move its spring to engage its upper contacts will
complete an energizing circuit for the relay 49i
from positive battery over the contacts of key
208, front contact and armature 493 of relay 458
which is energized at this time, and through the
winding of the relay 491 to negative battery. Re-
lay 491 closes a locking circuit for itself at its
upper armature,

Energization of relay 481 also completes an
obvious energizing circuit for the relay 405 over
armature 49156 which in turn at armature 444,
completes an energizing circuit for the relay 439
to send an impulse over the trunk conducters.
As a result thereof, line relays 429 and 509 will
be energized. :

Energization of line relays 429 and 539 opens
the energizing circuits for the slow releasing re-

lays 428 and 508 respectively. After an interval

of time, these relays deenergize, opening the mas-
ter positive and deenergizing all the relays which
may at that time be operated from this positive.

At the office, relay 31 deenergizes, when the

- key 208 is released, in turn deenergizing relay

405 and relays 429 and 509 will again deenergize.
All the apparatus is now back to normal rest posi-
tioh again in preparation for further operation.

In the event that the checking impulses in the
case of a control operation initiated by the dis-
patcher do not agree with the individual unit to
be operated by the dispatcher, provision is made
in accordance with my invention for automati-
cally restoring the appsratus to normal in order
that the selecting operation may be repeated and
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to visually indicate to the :dispatcher that .the
checking code does not agree with the intended
selection. . : :

To illustrate this, it will be assumed that the
checking code does not agree with the selection
desired, therefore does .not operate the point
selection relay 115 but instead, for example, op~
erates relay 116 or for that matter, any other
of the point selecting' relays. .
- It will be recalled that when checking im-
pulses were received at the office, relay 408 was
energized in parallel with relay 421 and that
this relay was released by relay 481 operating in

parallel with relays {25, 122 or 15 depending.

upon whether the station, group or peint selec-
tion was being checked. .

In the event, however, that the energizing cir-
cuit for this point selection relay i{3 is not
closed, because. of the fact.that the checking
code does not agree with the key operation, then
the above cireuit for relay 431 is not completeg
since a counting chain relay other than the cor-
rect one is at thistime energized.

If, therefore, the dispatcher fails to note, by
observing the checking lamp 181, that the check-
ing code does not agree with the individual key
operation and. proceeds to depress the master
control key 211, the operation of the eontrel code
will be transmitted but- will not stop at the
end of the proper impulse, in view of the fact

~that relay 480 is still energized maintaining: a

circuit for relay 427 over back contact and armia-
ture 441, front contact and armature 442, arma-
ture and front- contact 443, front contact and
armature 4005, back contact and armature 468b,
back contact and -armatures 488 and 423¢ to
‘positive battery. Accordingly, sufficient impulses
will be transmitted to energize ail of the relays
in the, counting chain 393 to 313 at the office
and 603 to 613 at the substation. F

When the last one of these relays 313 is eher-
gized, and ‘a further impulse is transmitted, the
release relay 481 is energized in lieu of a further
counting relay which cperates to restore the ap-
paratus to normal in the manner which has gl-
ready been described in detail hereinbefore.

In the event that the c¢hecking code combiia-
tion from office to substation which follows the
initiation of operaticns by an automatic opera-=
tion. of a breaker, indicates that the selection

made at the office does not agree with the breakséi

which has operated at the substation, an auto-
matic release of thé apparatus to hormal don-
dition is also obtainied by means of relays 5iZ
and 913, corresponding to relays 469 and 48!, and
the apparatus is again initiated into operation
for indicating such supervisory operation.

It will be recalled that in the supervisory op-
erations described "hereinbefore in connection
with the automatic operaticns of relay 125 asso-
ciated with a breaker, that relay 1{4 was ener-
gized in response to 'the checking code Feesived
from the office to indicate the supervisory selec-
tion made thereat.. If, however, any other point
selecting . relay ‘than 114 is energized, indicating
that a different supervisory selection was ‘made
at the office than thaf of the operated breaker;
the circuit for relay 58T traced hereinbefore,
which upon energization, controls the sending of
the supervisory code combinsgtion of inmipulse con-
ditions is not opened due to relay 512 not being
pfgviously released by the ‘energization of relay
513. . ) : :

Accordingly, when the supervisory code com-

bination of impulses is transmitted; the impulses:
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aré rot stopped at either the third or fifth im-
pulse as in the case of tripping or closing,- re-
spectively, but will continue until all of the re-
lays of the chain 600 to 613 at the substation
and 304 and 313 at the office are energized.

‘When the last of these relays are energized and
a further impulse is received at the office, an
energizing circuit is completed for the relay 491.
Relay 491 is energized and restores the apparatus
to normal.

However, relay 125 is still deenergized and the
apparatus is again started into operation in the
manner described hereinbefore and a supervisory
point selecting code combinatioh of impulses is
transmitted from the substation to the office and
again a checking code is received at the substa-
tion. If this checking code agrees with the cir-
cuit breaker operation, normal operations as de-
scribed hereinbefore will occur.

The battery at the office may momentarily be
lost. This may occur during a number of con-
ditions, as for example, when the apparatus is
in operation for remotely controlling a circuit
breaker or for sending supervisory signals, or it
may happen, while the apparatus is in its normal
position of rest. In the former case, it is neces-
sary to avoid either a wrong selection or an inac-
curate supervisory signal. In the latter case, the
relays at the office which may be energized, as for
example, the individual relay {10 or (il and
which, when energized, indicate the closed posi-
tion of the circuit breakers, would lose their en-
ergizing circuit and, accordingly, indicate a false
position of the remote individual breakers.

To correct this, I provide in my systern auto-
maticmeansfor instantaneously restoring the ap-
paratus to normal when the office battery is lost.

It will be assumed that battery is momentarily
lost at the office. It will be recalled that relay
499 was described as energized when the appa-
ratus was first put into operation and locked at
its armature 492. Relay 490 thereafter remained
energized during all conditions except when the
the battery is momentarily lost, in which event
relay 490 at once deenergizes. Upon deenergiza-
tion of relay 490 in response to a momentary
loss of battery, a circuit is prepared for relay
491 at armature 493. As soon as the battery re-
turns, relay 491 is energized, and at its armature
491, completes an energizing circuit for the
relay 405. Relay 405 energizes and at its arma-
ture 405a completes an energizing circuit for the
relay 490 which thereupon locks itself again at its
armature 492. Relay 405 also completes an en-
ergizing circuit for the relay 430 which in turn
closes the line circuit for the relays 429 and 509.

Energization of the relay 428 deenergizes relay
428 which, after an interval of time, drops its
armatures to disengage their front contacts, thus
restoring the apparatus to normal, as described
hereinbefore. o »

Similar operations are performed at the sub-
station to restore the apparatus thereat to nor-
mal.

When the battery is lost momentarily at the
substation, all of the relays, such as 725 and 726,
individual to circuit breakers or other apparatus
units, are deenergized and accordingly, when the
battery is again restored these relays will control
the intermittent energization of the relays 518
and 530 at the end of each cycle of supervisory
operations to transmit to the office, supervisory
signals indicating the position of all of the
breakers.

It will be noted, that no finder switches either

17

at the dispatching officé or substdtions are pro-
vided in my system. I hdve provided, as part of
my invention, simplified means which eliminate
the need of any finder switches and which enable
storing of indications in the case of automatic
operation of a number of breakers at the sub-
station simultanecusly or during the period while
a, supervisory code is being transmitted or in the
event of an automatic operation of a breaker dur-
ing the period while the dispatcher is transmit-
ting an operation.

It will be assumed that during the period while
the dispatcher is fransmitting an operation and
the selecting apparatus is in operation, a circuit
breaker automatically operates from one posi-
tion to another,

When the circuit breaker operates, relay 125 is
deenergized, as described hereinbefore. There-~
upon, an energizing circuit is prepared for the
relay 162 which in turn energizes relays 516 and
530 to control starting of the supervisory signals.
These latter relays, however, are not energized if
the system is at this time in operation, since relay
514 in that event is energized. When, however,
the apparatus has restored to normal, the signal
stored in deenergized relay 725 will start super-
visory signals in the manner already described.

If more than one breaker operation occurs dur~
ing operations and, say, relays 725 and 726 are
deenergized, supervisory operations will be re-
peated until all such deenergized relays 725 and
726 have been restored to normal.

In the event that the battery at the office,
through some fault in the system is interrupted

rapidly, it would tend to transmit impulses which ¥

simulate the regular code combination of im-
pulses. In order to prevent this, the relay 430 is
made a slow deenergized relay. When the re-
lays 491 and 205 are energized as described here-
inbefore, following the return of the lost battery,
a circuit is completed for the relay £30 and sub-
sequently relay 430 is deenergized, following the
deenergization of relay 405. If, however, the
battery comes on and off very rapidly, relay 405,
being a slow relay, will be tog slow to follow the
rapid battery operation, and therefore, will main-
tain the energizing circuit for the relay 430.
Relay 430 will, accordingly, remain energized
since it is also a slow relay and cannot follow the
rapid pulsating of the battery current. Accord-
ingly, these rapid impulses will not bhe trans-
mitted over the line.

In the event that the false impulses simulating
the signalling impulses are caused by the inter-
mittent opening and closing of the line itself,
then the apparatus at the dispatcher’s office and
at the substation both operate as receiving appa-
ratus.

Following the receipt of these impulses, the
apparatus at the dispatcher’s office will function
as a transmitter and at the same time, the appa-
ratus at the substation will function as a trans-
mitter. Accordingly, no checking of the selec-
tion will be cbfained at either station and no
individual point relays are energized.

The alarm lsmps 140 and !4i1 at the dis-
patcher’s office will warn the dispatcher of an
incorrect operation and he will then operate his
release key to restore the apparatus to normal.

In the event that the signalling line is seized
by the dispatcher for ftransmitting control op-
erations and the signalling line is simultaneous-
ly seized by the supervisory apparatus at the
substation in response to an automatic opera-
tion thereat for transmitting supervisory signals,
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then impulses will be transmitted from the con-
trol ofiice to the substation and from the sub-
station to the control office simultaneously. At
the control office, these impulses are transmitted
by a relay 438 in the manner already described,
and at the substation, these impulses are trans-
mitted by the relay 518. Inasmuch, however, as
the impulsing is, in turn, also controlled by the
line relays 428 and 539 holding relays 425 and
808, the time interval of the impulses is main-
tained uniform and is not mutilated by reason
of the fact that they are being transmitted from
both ends of the line simultaneously.

If the number of impulses transmitted from
the substation is greater than the number trans-
mitted from the office, then in response to the
impulse received from the substation after the
office has ccompleted its transmission, the relay
427 will be deenergized. At this time, slow relay
428 is still energized, but the apparatus at the
dispatcher’s office is not expecting any signals,
inasmuch as it has just been acting as a trans-
mitter and a time delay is provided between the
last impulse transmitted from the dispatcher’s
office and the first check impulse which is to be
received frem the substation. During this period,
the slow relay 428 normally drops out, and its
armature 462 moves to engage a back contact.

In the present assumed condition, however,
an impulse is received at the dispatcher’s office
almost immediately after the transmission of the
last control impuise and during a period while
the relay 428 is still up. Accordingly, in response
to the receipt cf this abnormal impulse, an ener-
gizing circuit is comygleted for the relay 424 from
negative battery through the winding of the
relay 424, front contact and armature 462, back
contact and armature 455, front contact and
armature 452 and front contact and armature
434 to positive battery. Relay 424 is energized
and locks itself over its own armature contact,
and the armature 453 opens the impulsing cir-
cuit for the counting chain. Accordingly, the
counting chain is blocked from further opera-
tion, and when the dispatcher notes that he is
not getting a signal from his point lamp, he will
operate his reset key, restoring the selecting ap-
paratus tc normal.

In the event that the number of impulses
transmitted from the office is greater than the
number of impulses transmitted from the sub-
station, then following the transmission of the
last impulse from the substation, the next im-
pulse received from the office will energize the
relay 5G4 over a circuit including the front con-
tact and armature §36. As in the case of the
office, foliowing the transmission of the signals
from the substation, a time interval is provided
between the transmission of the last impulse
from the substation and the first impulse to-be
received from the office, which is long enough to
normally permit the relay 568 to drop out and
move its armature 536 to engage its back con-
tact. Since, however, in the case assumed, the

5 next impulse is received immediately after the

last impulse transmitted from the substation,
relay 508 does not get sufficient time to drop out
and as a result, relay 584 is energized as de-
scribed above. As a result of the energization of
relay 584, armature 58{ disengages the back con-
tact, opening the impulsing circuit to the count-
ing chain relays and preventing further opera-
tion of these relays.

In this case, also, the dispatcher, by observing
that no indication is received on his check lamp

21,284

will be advised of trouble on his system and will
operate his reset key to restore his apparatus to
normal. :

In the event that both the office and substation
transmit exactly the same number of impulses,
when they seize the line simultaneously, follow-
ing the complete transmission of these impulses,
the apparatus at both stations will switch over
for receiving signals. Inasmuch, however, as
neither station is acting as a transmitter at this
time, neither station will receive any signals and,
accordingly, the dispatcher will again, after an
interval of time, observe that nothing is hap-
pening to complete the operations and will op-
erate his reset key.

In all supervisory control systems, it is essen~

10

15

tial in view of the fact that the remote circuit -

breakers are not visible to the dispatcher, that
means be provided for preventing the dispatcher
from persisting in attempting to close a breaker
against a short-circuit as this results in damage
both to the breaker itself and to the short cir-
cuited system. )

This is accomplished in the present case by
the immediate energization of relay 517 which
energizes when the breaker changes its condition
for the first -time and prevents the dispatcher
from again seizing the line once he has com~
pleted the transmission of the first closing opera~
tion by seizing the line first for the fransmission
of the line for sending supervisory signals.

I have illustrated, in Fig. 8, an extension of the
trunk conductor, 432 and 433 and 436 and 431
1o a second substation. The first substation, it
will be shown later, is provided with relays 582,
583, 584, 585, 58C, 587, 588, 589 and 59t for
switching the apparatus from one pair of trunk
conduciors 432 and 433 to the other pair 436
and 437. 'The second substation is similarly pro-
vided with switching relays 806 to 898 and 812
to 811,

Relay 810 is the impulsing relay similar to
the relay 519 at the first substation and controls
at its armatures 842 and 843 the transmission of
signals over the trunk conductors. Relay 811 is
the line relay ccnnected across the conductors
in a manner similar to the relay 5i{ at the first
substation and operates in response to impulses
transmitted over the trunk conductors.

The relay 809 is similar to the relay 5808 at -

the first substation and is operated under control
of the line relay 811 to in turn control the appa-
ratus at the second substation over its armatures
833 in the manner described in connection with
the first substation.

The particular station, that is, whether the
substation number one or substation number two
is to be selected for operation in response to oper-
ations originating at the office, is determined by
the first or station selecting code which has
been transmitted. It will be recalled that in the
discussion above it was pointed out that in the
illustration shown, the armature 183 at the first
substation was shown connected to the conductor
extending to the relay 522.

Inasmuch as the armature 783 is connected to
the armature of the second counting relay 694,
this results in effect that in the event that the
first code for making & station selection com-
prises two impuises, one which is the common
impulse for all impulsing and a further single
impuise which is a station selecting impulse,
then the relay 522 at the first substation is ener-

gized. During the transmission of the first im--

pulses relay 1817 is energized.
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In all of the other substations the associated
armature 783 is not jumpered to the associated
relay 522 thereat. Instead, a different armature
such as 192 or 793 is jumpered to the relay 522
at each of the substations so that different im-
pulses transmitted in the first code will deter-
mine at which particular substation relay 522
is to be operated, since each of the armatures
stuch as 183, 192 and 193 is connected with a dif-
ferent one of the counting chain relays. Thus,
as shown, two impulses complete the circuit of
armature 183 at the first substation to the relay
522. Three impulses, on the other hand, would
cause the energization of the third counting re-
lay and therefore complete a circuit at a dif-
ferent substation to an associated relay 522, and
S0 on.

On the other hand, all other armatures of
relay 181, except the particular armature which
is connected to relay 522 are tied to each other
and connected to the relay 504. Thus, at the
first substation, it will be noted that all of the
armatures of the relay 181 other than armature
183 are tied together and then extend to the
relay 504. Accordingly, on receipt of any num-
ber of impulses for the first code other than
two impulses, the relay 504 will be energized.
A similar connection is made at each of the cther
substations. :

The circuit for the relay 504 extends from
negative battery through the winding of the re-
lay 504, conductor 504b, and in multiple to the
armatures of relay 71871 and thence over the
counting relays 694 to 613 depending upon which
one of these is energized, over armature 568 to
positive battery. TUpon the energization of the
relay 504 a locking circuit for this relay is pro-
vided over its own armature 569. At armature
541, the energizing circuit extending to the count-

ing chain is opened thus preventing further ener-’

gization of the counting chain by further code
impulses received at this particular station. At
its armature 504a it prevents any accidental re-
energization of the group of relays individual to
the unit, such as relays 125, 726 and so forth,
in the event that such a relay is dropped off by
an automatic operation of the breaker. It will
be recalled that when such a relay is dropped
off this will prepare the selecting apparatus at
this station for transmitting signals to the office.
If, however, at this time, the selecting apparatus
is already in operation, the relay will remain
deenergized until the apparatus is restored to
normal, upon which it will restart the appa-
ratus into operation. :

In the event that more than two substations
start to operate simultaneously due to an auto-
matic operation in each of these stations oc-
curring at the same moment, the station hav-
ing the smaller number of station selecting im-
pulses will, immediately after it has transmitted
this number of impulses, have its relay 506 still
energized when further impulses are received
from the other stations. Thereupon the circuit
is completed for the lockout relay 504 as de-
scribed hereinafter.

It will be recalled in this connection that when
a substation starts into operation, the relays 516
and 538 at all sending substations are energized
and that an energizing circuit over the armatures
of these relays is provided for the relay 50T.
This cireuit includes the armature 529a and the
back contact of relay 529.

The relay 507 thereafter remains energized
over this circuit.

19
When, however, at the end of the impulsing
for the substation, having the smaller number
of impulses, relay 529 energizes for the purpose
of stopping the transmission of further impulses
in a manner which has already been described in
detail, the energizing circuit for the relay 507
is opened and this-relay thercupon drops out.
Accordingly, when the relay 509 energizes in re-
sporise to the next impulse coming from the other
substations having a larger number of impulses
for the station seleciion, relay 507 is deenergized,

At this time, however, slow relay 506 has not
vet had an opportunity to deenergize. Accord-
ingly, a circuit is completed from positive bat-
tery over armature 533 and its front contact,
armature 534 and its front contact, armature
535 and its back contact., armature 536 and its
front contact, and through the winding of the
relay 504 to negative battery. Relay 504 there-
upon energizes and locks out the station with
the smaller humber of impulses.

The counting relays at this station are, there-
fore, not responsive to further impulsing ‘and
after a while will be restored to normal in a man-
ner which has already been described whiie the
station with the larger number of impulses will
continue to operate to transmit the supervisory
signals. Thereafter the station with the smaller
number of impulses will again seize the line and
start to transmit the signals indicating its opera-
tion.

In the event that the office and one or several
substations commence transmission at the same
time, that station which is fransmitting the

highest number of impulses will seize the line °

and continue its operations while all other sta-
tions, including the office, are locked out in the
same manner as though two or more substa-
tions were sending at the same time, as described
in the above.

‘When the dispatcher’s office, however, is one
of the stations which is transmitting simulta-
neously, the operation is somewhat different. In
the event that two or more substations are trans-
mitting at the same time, they invariably have
different station codes so that all but one station
will be locked out. If, however, the office and
several substations are sending at the same time,
the office may attempt to select one of the sta-
tions which is ftransmitting. In that case the
number of impulses sent by the cffice and by one
of the substations will be the same,

~ As long as the office is trying to select any one

of the substations except the one with the high-
est code that is transmitting, the office will be
locked out in 2 manner described above.

If, however, the office is attempting to select
that substation of the several which are trans-
mitting, which has the highest station code, the
office will not be locked out. In this event both
the office and substation will transmit exactly
the same number of impulses. When they seize
the line simultaneously following the complete
transmission of these impulses the apparatus at
both stations will switch over for receiving sig-
nals. Inasmuch, however, as neither station is
acting as a transmitter at this time, neither sta-
tion will receive any signals and accordingly, the
dispatcher will again, after an interval, observe
that nothing is happening to complete the opera-
tions and will operate his reset key.

When the office kattery is interrupted momen-
tarily, the single station, supervisory system is
arranged to automatically check the position of
all the breakers at the substation. In a multi-
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station system with a large number of stations
and a large number of breakers in each station,
this check would ordinarily require considerable
time and would prevent the operator from per-
forming the operation which may be vitally im-
portant. The multi-station set, therefore, is ar-
ranged to perform the checking of the substa-
tion under the control of the dispatcher. A
master check key is provided for each station
and upon the depression of this master check key
all breakers at this particular station will be
checked. In this manner, it is possible for the
operator to perform an operation at a substa-
tion after checking only the station where he
wishes to perform the operation and postpone
the check of the balance of the substations until
he has performed the vitally important opera-
tion, .

The master check key is identical in its func-
tions to an ordinary point selection relay. In
other words, it energizes one of the station se-
lection relays 241 to 244, one of the group select-
ing relays 237 to 249, and one of the point select-
ing relays 226 to 235.

Similarly, a predetermined selection point at
the substation is utilized to perform the master
check operation. Instead of operating one of the
regular point selection relays such as relay 104,
the master check circuit will operate a relay 184.
Then, when the operation control code is trans-

" mitted instead of operating the trip or close

40

-
T3

T

5 on operation of the breaker.

magnet of one of the breakers, relay 185 is op-
erated which opens the negative battery supply
to all of the relays such as 125 and 126 causing
them to release and thereby to send supervisory
signals.

At the office end, instead of energizing one of

the regular point selecting relays such as relay
115, the master check point directly operates
relay 442 which in turn extends this operating
circuit to. relays 487 and 469 which furnishes a
locking circuit for the relays 442, 487 and 409.
In this manner the master check function is per-
formed without depression of the master control
key, as will be clear from the following.

If it is desired to check the point before oper-
ating it, the dispatcher will depress the operating
key in the normal manner and wait for the selec-
tion lamp to illuminate. Then, instead of de-
pressing the master control key, he will depress
the check key 214 which will energize relay 442
and extend this operating -circuit to relay 407
which is the relay controlled by the master
control key. In other words, relays 442 and 407
are energized by the check key while only relay
407 is energized by the master control key. Re-
lay 442 completes the circuit over armature con-
tact 363 of relay 304 to stop the sending of the
operation control code after the second impulse,

0-and only two impulses are iransmitted to the

substation. At the substations, the functions are
similar to that described heretofore and follow-
ing the receipt of the two impulses, the super-
visory sighal will be transmitted without effecting
In this case, relay
517 is energized over conductor 5195 and arma-
ture 675 of relay 604.

In supervisory control systems where operation
must. be maintained continucusly irrespective of
cost, it is sometimes desirable to have a spare set,
of line trunk conductors preferably using a dif-
ferent route so that the system can be switched
to the spare set of trunk conductors in case of
trouble on the regular trunk. To switch this SyS-
tem to the alternate trunk conductors, the line

21,284

key 223 is depressed which applies positive and
negative battery across the alternate trunk con-
ductors of the line 2, thereby energizing relay
484, Relay 484 will operate the magnet 495 which
is of the mechanical latching type, thereby trip-
ping its armatires and preparing a circuit for
the relays 497 and 489. While relay 484 is ener-
gized, however, this circuit is kept open at the
break contact of armature 484a of relay 484 and
the circuit for relays 481 and 498 is maintained
over make contact of armature 484a of relay 484,
When the line key is released, relay 484 is de-
energized, thereby deenergizing relays 487 and 498
and energizing relays 497 and 498, This switches
the system to trunk conductors 438 and 437,
Similarly, the set can be switched back to con-
ductors 432 and 4338 by depressing the line key
2i8. Practically the identical operation takes
place at the substation. The line over which the
system is operating is indicated by line pilot lamp
217 or 221. .

In Fig. 9 I have illustrated my invention as ap-
plied to a system in which the trunk conductors
are connected in parallel to the line relays at the
dispatcher’s office and at each of the substations,
and in Fig, 10 I have illustrated my invention ag
abplied to a system in which the trunk condictors
are connected in series with the line relays at the
dispatcher’s office and each of the substations.

It will be noted that, although signalling opera-
tions may originate from any one of a plurality
of stations which are connected to the same trunk
conductors and these impulses may be independ-
ently transmitted from each of these substations,
noe confusion of signalling can ocecur in my system.
Assuming for example that signals have origi-
nated at the office and the relay 210 thereat is
at the moment energized for transmitting a single
impulse over the line, and during this period im-
bulsing at the same time originates, for example,
at the second substation shown and that relay
916 also energizes to transmit impulses to the line.
It will be assumed, further, that the relay 910
at the office end deenergizes due to the fact that
the first impulse has completed its necessary cycle,

resulting in the deenergization of relay 910. One:

result thereof ordinarily would be the deenergiza-
tion of its own line relay 84! and subsequently
of its relay 909 which in turn, after an interval
as explained hereinbefere, would result in the
reenergization of relay 949. Under the assump-
tion, however, that relay 916 at the second substa-
tion is still energized, the impulse signal still re-
mains on the trunk conductor, thus maintaining
the relay 911 at the dispatcher’s office energized
and therefore relay 909 energized preventing the
reenergization of relay 810. In fact, relay 910
at the office cannot again energize until the im-
pulse on the line is terminated by the deenergiza-~
tion of relay 918, at the last substation. Thus, if
one or more substations are transmitting simul-
taneously no confusion can occur. The rate of
impulsing will be determined solely by the slow-
est operating transmitter in the system.

Thus, for example, when the transmitter relay
816 at the last station finally opens the line, the
relay 915 thereat and the relay 914 at the office
will both deenergize and as a result thereof de-
energizing relays 909 and 917 which in turn will
ultimately cause reenergization of relays 910 and
916, respectively. : )

Accordingly, it is immaterial which of the re-
lays, 910 at the office or relay .16 at the substa-~
tion, energize or deenergize first. In either event,
their associated relays 91! and 915 will energize
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in unison, in turn energizing their associated re-
lays 909 and 917 for the operation of the next
impulse. .

In the system illustrated in Fig. 10, the reverse
operations occur but in exactly the same manner
and with the same effect as described above.
Normally the line circuit is closed and the im-
pulsing is accomplished by the opening of the
line by energization of relays 1010, 1013 and 101§
in any one of these various substations.

As in the case of Fig. 9, if an impulse originates
at the office by energization of relay 1010 and
about the same time an impulse is transmitted
from the substation by energization of, for ex-
ample, relay 1013, the line will be held open until
both of these relays are again deenergized. Thus,
the impulse will be maintained until the cycles
of operation have been completed at both sta-
tions, and only when both relays 1010 and 1013
have deenergized will the impulse be terminated.
Termination of the impulse in turn will permit a
reenergization of these relays for the transmis-
sion of a second impulse.

In the parallel line system, illustrated in Figs.
1 to 9, by reason of the circuit connections of the
signalling conductors between the dispatcher’s
office and substation, any surge voltage induced
therein from adjacent power lines will be induced
equally in each of the signalling conductors, so
that both conductors will be at the same poten-
tial with respect to ground and at equal potential
with respect to each other. Accordingly, such
signals will not affect the receiving relays which
are across the line. Such induced voltages, how-
ever, do have a potential with respect to ground
and to prevent a dangerous potential rise, drain-
ing resistances such as 432a, 433c, 436, 437a and
shown in more detail at 850 to 855 are connected
between the trunk conductors and ground, pro-
viding a path for the discharge of the induced
surges. Or, in the event that the surge is suffi-
ciently large to break down the discharge tubes
such as shown at 856 and 881, the discharge will
flow through this tube to ground. The signalling
current, on the other hand, inasmuch as it does
not find a return circuit to ground, will pass over
the conductors and through the receiving relays
in a manner which has already been described,
the effect of the draining resistances being merely
that of a shunt. :

Although in the circuits described above, a
specific illustration of one manner of carrying
out my invention is described, it will be obvious
that there are other systems in which my inven-
tion may be applied.

Although my invention is described in connec-
tion with supervisory control, it will be obvious
that it has adaptations to other forms of signal-
ling systems, and I do not intend to limit myself
to the specific system herein used for illustra-
tion, except insofar as set forth in the appended
claims, :

I claim as my invention: ,

1. In a supervisory control system, a dispatch-
er’s office, a plurality of substations, a counting
chain at szid office and at each of said substa-
tions, said counting chains being normally in a
receiving condition, apparatus units at said sub-
staticn, a single signalling channel extending
from said office to each of said substations, means
at the office and the stations for switching the
chains to a transmitting condition, means includ-
ing said single signalling channel for operating
said counting chain at said office and each of
said substations in synchronism, means including
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said counting chains, the switching means at the
office, and said single signalling channel for se-
lecting one of said stations for operation, means
including the counting chains at said selected
station and said dispatcher’s office and the

switching means at the selected station for indi- -

cating, at said dispatcher’s office, the station se-
lected, means including said counting chains at
the office and selected station and the switching
means at the office and said single signalling
circuit for selecting one of said apparatus units
for operation, means including said counting
chains at said selected station and at dispatcher’s
office and the switching means at the selected
station for indicating said selection at said dis-
patcher’s office, means including said counting
chains at said station and said dispatcher’s office,
the switching means at the office and said single
signalling circuit for operating said selected
apparatus unit, means including said counting
chaing at said office and selected substation,

the switching means at the selected station and

said signalling circuit for indicating the opera-
tion performed by said seleced unit, and means
operated in the event that the indication of the
selection of station and remote unit selected does
not agree with the selecting operations performed
from the office for preventing operation of the
incorrectly selected unit.

2. In a supervisory control system, a central
station, & plurality of substations, a scurce of
direct current at each of said stations, apparatus
units at said substations, a single signalling chan-
nel extending frem said central station to each
of said substations, a transmitting relay indi-
vidual tc each of said stations having transmit-
ting contacts ccnnected across the signalling
channel and to their associated direct current
sources, a receiving relay winding individual to
each station connected across the signalling
channel, and a chain of relays at each station
for selectively operating their associated relay
in sccordance with o predetermined cods combi-
nation of impulses to be transmitted over said
single signalling channel, means at’the central
station including the transmitting and receiving
relays, the direct current source thersat for
transmitting codes, said receiving relay ab each
substation being responsive to said signals for
selectively operating their respective relay chains,
said relay chains being responsive fo said received
code for rendering all but a predetermined sub-
station non-responsive to any further codes;
means at said selected substation including the
direct-current source thereat for switching the
relay chain thereat into a condition for control-
ling the operation of the transmitting relay
thereat for transmitting code combinations of
impulses; and means at the central station oper-
ative following the transmission of said code for
rendering the relay chain thereat operative to
receive code impulses.

3. In a supervisory control system, a central
station, a plurality of substations, a source of
direct current at each of said stations, apparatus
units at said substations, a single signalling
channel extending from said central station to
each of said substations, a transmitiing relay
individual to each of said stations having trans-
mitting contacts connected across the signalling
channel, a receiving relay winding individual to
each station connected across the signalling
channel, and a chain of relays at each station
for selectively operating their associated relay

in accordance With a predetermined code com-
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bination of impulses to be transmitted over said
single signalling channel, means at said central
station including the transmitting relay, relay
chain and direct current source for transmitting
code signals over the single signalling channel,
said receiving relay at each substation bheing
responsive to said signals for selectively operat-
ing their respective relay chains, said relay chains
being responsive to said received code for render-
ing all but a predetermined substation non-re-
spongsive to' any further codes; means at said
selected substation for switching the relay. chain
thereat into a condition for transmitting code
combinations of impulses; means at the central
station operative following the transmission of
2 substation selecting code for rendering the
relay chain thereat operative to receive code
impulses; and switching means controlied by said
relay chain and including the direct current
source at- the selected substation for operating
the transmitter relay thereat to transmit a code
to the central station to identify the selected
substation.

4. In a supervisory control systen, a central
station, a plurality of substations, a source of
direct current at each of said stations, apparatus
units at said substations, a single  signalling
channel extending from said central station to
each. of said substations, s transmitting relay
individual to each of said stations having trans-
mitting contacts connected across the signalling
channel, a receiving relay winding individual to
each station connected across the signalling
channel, and a chain of relays at each station for
selectively operating their associated relay in
accordance with a predetermined code ¢ombins-
tion of impulses to be transmitted over said single
signalling channel, means at the central station
including the transmitting relay, relay chain and
direct current source for transmitting code sig-
nals. over the single signalling channel, said re-
ceiving relay at each substation being responsive
to said signals for selectively operating their re-
spective relay chains, said relay chains being
responsive to said received code for rendering all
but a predetermined substation non-responsive
to any further codes; means at said selected sub-
station for switching the relay chain thereat into
a condition for transmitting code combinations
of impulses; means at the central station opera~
tive following the transmission of said substation
selecting code for rendering the relay chain there-
at operative to receive code impulses: switching
means controlled by said relay chain and includ-
ing the direct current source at the selected sub-
station for cperating the transmitter relay there-
at to transmit a code to the central station to
identify the selected substation:; means opera-
tive following the check of the selected substa-
tion if it agrees with the selection set up at the
central station for conditioning the relay chain
thereat to transmit selecting code combinations
of impulses; and means at the substation opera-~
tive following the transmission of the checking
code for conditioning the relay chain thereat to
recelve selecting code combinations of impulses.

5. In a supervisory control system, a central
station, a plurality of substations, a source of
direct current at each of said stations, apparatus
units at szid substations, a single signalling chan-
nel extending from said central station to each
of said substations, a transmitting relay individ-
ual to each of said stations having transmitting
contacts connected across the signalling channel,
a receiving relay winding individual to each sta-

21,284

tion connected across the signalling channel, and
a chain cof relays at each station for selectively
operating their associated relay in accordance
with a predetermined code combination of im-
pulses to be transmitted over said single signalling
channel, means at the central station including
the transmitting relay, relay chain and diréet
current source for transmitting code sighals over
the single signalling channel, said receiving relay
at each substation being responsive to said sig-~
nals for selectively operating their respective
relay chains, said relay chains being responsive
to said received code for rendering all but a pre-
determined substation non-responsive to any
further codes; means at said selected substation
for switching the relay chain thereat into a con-
dition for transmitting code combinations of im-
pulses; means at the central station operative
following the transmission of said substation se-
lecting code for rendering the relay chain thereat
operative to receive code impulses; switching
means controlled by said relay chain and includ-
ing the direct current source at the selected sub-
station for operating the transmitting relay
thereat to transmit a code to the central office
to identify the selected substation; means opera-
tive following the check of the selected substation
if it agrees with the selection set up at the cen-
tral station for conditioning the relay chain
thereat to transmit selecting code combinations
of impulses; means at the substation operative
following the transmission of the checking code
for conditioning the relay chain thereat to re-
ceive selecting code combinations of impulses;
means at said office including said relay chain
thereat for operating the transmitter relay to
transmit a code combination of impulse condi~
tions over said single channel to select one of
said apparatus units at said substation for oper-
ating, said receiving relay at said selected sub-
station being responsive to said received code
for selectively operating said relay chain thereat;
and means controlled by said relay chain at said
selected substation in response to said received
code for selecting one of said apparatus units for
operation. . ’

6. In a supervisory control system, a central
station, a plurality of substaticns, a source of di~
rect current at each of said stations, apparatus
units at said substations, a single signalling chan-
nel extending from said central station to each
of said substations, a transmitting relay individ-
ual to each of said stations having transmitting
contacts connected across the signalling channel,
2 receiving relay winding individual to each sta-
tion connected across the signalling channel, and
a chain of relays at each station for selectively
operating their associated relay in accordance
with a predetermined code combination of im-
bulses to be transmitted over said single signalling
channel, means at the central station including
the transmitting relay, relay chain and direct-
current source for transmitting code signals over
the single signalling channel, said receiving relay
at each substation being responsive to said signals
for selectively operating their respective relay
chains, said relay chains being respensive to said
received code for rendering all but a predeter-
mined substation non-responsive to any further
codes; means at said selected substation for
switching the relay chain thereat into a condi-
tion for transmitting code combinations of im-
pulses; means at the central station operative
following the transmission of said substation se-
lecting code for rendering the relay chain thereat
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operative to receive code impulses; switching
means controlled by said relay chain and includ-
ing the direct current source at the selected sub-
station for operating the transmitter relay there-
at to transmit a code to the central office to iden-
tify the selected substation; means operative fol-
lowing the check of the selected substation if it
agrees with the selection set up at the central sta-
tion for conditioning the relay chain thereat to
transmit selecting code combinations of impulses;
means at the substation operative following the
transmission of the checking code for condition-
ing the relay chain thereat to receive selecting
code combinations of impulses; means at said of-
fice including said relay chain thereat for operat-
ing the transmitting relay to transmit a code
combination of impulse conditions over said sin-
gle channel to select one of said apparatus units
at said substation for operating, said receiving re-
lay at said selected substation being responsive to
said received code for selectively operating said
relay chain thereat; means controlled by said re-
lay chain at said selected substation in response
to said received code for selecting one of said ap-
paratus units for operation; said switching means

.at said office and said substations being operative

following said selection of said apparatus unit for
switching their receiving relay chains for the
transmission from the substation and reception at
the office of a checking selecting code; said relay
chain at said substation being thereupon respon-
sive to the selection to selectively operate the
transmitting contacts thereat to transmit a
checking code over said line, said receiving relay
at said office being responsive to said received
checking code to selectively operate said relay
chain thereat; and said office switching means
operative in the event that said selection checking
code corresponds to the selection code transmit-
ted for conditioning the relay chain at the office
to transmit an operation control code; and said
switching means at the substation being operative
following the transmission of said selection
checking code for conditioning the relay chain
thereat to receive code signals from said office.

7. In a supervisory control system, a central
station, a plurality of substations, a source of di-
rect current at each of said stations, apparatus
units at said substations, a single signalling chan-
nel extending from said central station to each
of said substations, a transmitting relay individ-
ual to each of said stations having transmitting
contacts connected across the signalling channel,
a receiving relay winding individual to each sta-
tion connected across the signalling channel, and
a chain of relays at each station for selectively op-
erating their associated relay in accordance with
a predetermined code combination of impulses to
be transmitted over said single signalling channel,
means at the central station including the trans-
mitting relay, relay chain and direct current
source for ftransmitting code signals over the
single signalling channel, said receiving relay at
each substation being responsive to said signals
for selectively operating their respective relay
chains, said relay chains being responsive to said
received code for rendering all but a predeter-
mined substation non-responsive to any further
codes; means at said selected substation for
switching the relay chain thereat into a condi-
tion for transmitting code combinations of im-
pulses; means at the central station operative fol-
lowing the transmission of said substation select-
ing code for rendering the relay chain thereat
operative to receive code impulses; switching
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means controlled by said relay chain and-includ-
ing the direct current source at the selected sub-
station for operating the transmitter relay there-
at to transmit a code to the central office to iden-
tify the selected substation; means operative fol-
lowing the check of the selected substation if it
agrees with the selection set up at the central
station for conditioning the relay chain thereat
to fransmit selecting code combinations of im-
pulses; means at the substation operative follow-
ing the transmission of the checking code for con-
ditioning the relay chain thereat to receive select-
ing code combinations of impulses; means at said
office including said relay chain thereat for oper-
ating the transmitter relay o transmit a code
combination of impulse conditions over said single
channel to select one of said apparatus units at
said substation for operating said receiving relay
at said selected substation being responsive to
said received code for selectively operating said
relay chain thereat; means controlled by.said re-
lay chain at said selected substation in response
to said received code for selecting one of said ap-
paratus units for operation; said switching means
at said office and said substations being operative

‘Tollowing said selecticn of said apparatus unit

for switching their receiving relay chains for the
transmission from the selected substation and re-

ception at the office of a checking selecting code;

said relay chain at said substation being there-
upon responsive to the selection to selectively op-
erate the transmitting contacts thereat to trans-
mit a checking code over said line, said receiving
relay at said office being responsive to said re-
ceived checking code to selectively operate said
relay chain thereat; and said office switching
means operative in the event that said selection
checking code corresponds to the selection code
transmitted for conditioning the relay chain at
the office to transmit an operation control code;
said switching means at the substation being op-
erative following the transmission of said selec-
tion checking code for conditioning the relay
chain thereat to receive code signals from said
office; said relay chain at said office being opera-
tive thereupon to selectively operate said trans-
mitting contacts for transmitting a control code
over said gingle signalling channel, said receiving
relay at said substation being responsive to said
received control code to selectively operate said
relay chain thereat; and means controlled by said
relay chain in response to said control code for
operating said selected unit.

8. In a supervisory control system, a central
station, a plurality of substations, a source of
direct current at each of said stations, apparatus
units at said substations, a single signalling chan-
nel extending from said central station to each
of said substations, a transmitting relay individ-
ual to each of said stations having transmitting
contacts connected across the signalling chan-
nel, a receiving relay winding individual to each
station connected across the signalling chan-
nel, and a chain of relays at each station for
selectively operating their associated relay in
accordance with a2 predetermined code combi-
nation of impulses tc be transmitted over said
single signalling channel, means at the cen-
tral station including the transmitting relay, re-
lay chain and direct current source for transmit-
ting code signals over the single signalling chan-
nel, said receiving relay at each substation be-
ing responsive to said signals for selectively op-
erating their respective relay chains, said relay
chains being responsive to said received substa-
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tion selecting code for rendering all but a prede-
termined substation non-responsive to any fur-
ther codes; mesns ab said selected substation for
switching .the relay chain thereat intc a condi-
tion for transmitting code combinations of im-
puises; means at the central station operative
foilowing the fransmission of said substation se-
lecting code for rendering the relay chain thereat
operative to receive code impulses; switching
means controlled by said relay chain and includ-
ing the direct current source at the selected sub-
station for operating the transmitter relay there-
at to transmit a code to the cenfral station to
identify the selected substation; means operative
following the check of the sclected substation if
it agrees with the selection set up at the central
station for conditioning the relay chain thereat
to transmit selecting code combinations of im-
pulses; means szt the substation cperative follow-
ing the transmission of the checking code for
conditioning the relay chain thereat to receive
selecting code combinations of impulses; means
at said office including said relay chain thereat
for cperating the transmitter relay to transmit a
code compination of impulse conditions over said
single cliannel to select one of said apparatus
units at said substaticn for operating, said re-
ceiving relay at said selected substation being
responsive to said recelved code for selectively
operating said relay chain thereat; means con-
trolled by said relay chain at said selected sub-
station in respounse ic said received code for se-
lecting one of said apparatus units for operation;
said switching means at said office and said sub-
stations being operative following said selection
of said apparatus unit for switching their receiv-
ing relay chains for the transmission from the
substation and reception at the office of a check-
ing selecting code; said relay chain at said sub-
station being thereupon responsive to the selec-
tion to selectively operate the iransmitting con-
tacts thereat to transmit a checking code over
said line, said receiving relay at said office heing
responsive to said received checking code to se-
lectively operate said relay chain thereat, said
office switching means being operative in the
event that said selection checking code corre-
sponds to the selection code transmitted for con-
ditioning the reiay chain ai the cffice t¢ trans-
mit an operation control code; said switching
means ab the substation being operative foliowing
the transmission of said selection checking code
for conditioning the relay chain thereat to re-
ceive code signals from said office; said chain at
said office being operative thereupon tu seiective-
Iy operate said transmitting contacts for trans-
mitting & control code over said single signalling
channel, said receiving relay at said substation
keing responsive to said received control code to
selectively operate said relay chain thereat;
means controiled by said relay chain in response
to said control ccde for operating said selected
unit, said switching means being operative there-
upen to condition the relay chain at said sub-
station to transmit a supervisory ccde and con-
dition the relay chain at the office to receive said
supervisory code, said relay chain at said sub-
station thereupcn controlling the transmitting
contacts thereat to transmit a supervisory code in
accordance with the operation of said selected
unit; said receiving relay at said office being re-
sponsive to said supervisory code to operate the
relay chain thereat; and means controlled by
said relay chain in response to said supervisory
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code to provide an indication of the operation of
said selected unit.

9. In a supervisory control system; a central
office having & plurality of operating keys; a
plurality of substations; a single signalling chai-
nel connecting the office and substations; a re-
1ay chain individual to the office and each of
said substations; a transmitting relay at the
office and each substation having contacts con-
nected to said signalling channel; a receiving
relay at the office and each substation connected
to said channel; transmitting relay controlling
means at each station for controlling the oper-
ation’ of the transmitting relay thereat, said
means being normally non-operative; mesns re-
spensive to an operation of a key at said office
for rendering said transmitting relay control-
ling means thereat operative; said transmitting
relay controlling means being thereupon re-
sponsive in accordance with the operation of the
key. to operate said transmitting relay for the
transmission of code signals over said line;
means whereby the receiving relay and relay
chain at said office and said substations receive
the said code; means controlled jointly by said
operated key and said relay chain at the said
office for terminating the transmission of said

" signals and for rendering said transmitting re-

lay controlling means non-operative; means at
a predetermined substation  including the re-
ceiving relay and relay chain thereat responsive
on receipt of a predetermined code for render-
ing the transmitting relay controlling means
thereat operative to control the transmitting re-
lay thereat for the transmission of a predeter-
mined code over said signalling channel; and
means whereby the relay chain at said predeter-
mined substation and said office are operated in
response- to said last mentioned code; and means
at said office including the receiving relay there-
at responsive to said received code and controlled
by said relay chain thereat in the event that the
received code corresponds to the transmitted
code for rendering said transmitting relay con-
trolling means operative to cause the transmit-
ting. relay thereat to transmit a further code in
accordance with the operated key.

10, In a signalling system, a plurality of sta-
tions, a source of direct current at each station,
2 single signalling channel connecting said sta-
tions, a transmitting relay at each station oper-
able to transmit direct-current code signals from
its associated direct current source over the sig~-
nalling channel to any one of said stations, a re-
ceiving relay at each station connected across the
signalling channel and responsive to said direct
current code signals, a single relay chain at each
station, means at each station including the
transmitting relay, the relay chain and direct
current source thereat whereby any one of said
stations may seize the channel and transmit di-
rect current code sighals thereover to the other
stations, each code signal comprising a different
number of impulses, and means electrically in-
terlocking said transmitting and receiving relays
at each station to render the transmitting relay
thereat ineffective to transmit code signals in the
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response to code signals being transmitted over
the signalling channel from another station to
prevent mutilation of signals in the event that
more than one of said stations attempt to seize
the line. simultaneously.

11. In a signalling system, a plurality of sta-
tions, a single signalling channel extending be-
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tween the stations, a source of direct current
at each station, receiving and transmitting ap-
paratus at each station including a single relay
chain, a transmitting relay operable to apply cur-
rent to the channel from its associated source and
a receiving relay connected to be responsive to
impulses transmitted over the channel, means
at each station including the relay chain, the
transmitting relay and direct current source
thereat whereby code impulses of different prede-
termined numbers may be transmitted over the
channel to said other stations, means at each
station including the relay chain and receiving
relay thereat whereby each of said other stations
is selectively responsive to a predetermined code,
and means at each station whereby if more than
one station attempts to seize the line simul-
taneocusly, said stations are given control over the
signalling channel in a predetermined sequence
in accordance with the number of impulses in
their assigned code.

12. In a supervisory control system, a control
office, a plurality of substations, each substation
having a plurality of apparatus units, a single
relay chain at the office and at each substation
having a normal non-operating position, a single
signalling channel connecting said office and the
substations, a transmitiing relay and a receiving
relay at the office and at each substation, means
at said office operable to start the relay chain and
transmitting relay in operation a predetermined
number of times in succession to transmit a series
of codes over the signalling channel to successive-
1y select a substation and an apparatus unit at the
substation, said relay chain restoring to normal
after each operation, means at the substation
operable in response to the selecting codes re-
ceived over the signalling channel for starting the
relay chain and receiving relays thereat into oper-
ation to make selections in accordance with the
codesreceived,saidrelay chain restoring to normal
after each selecting operation, and means at the
selected substation operative following each se-
lection for starting the transmitting relay thereat
and for restarting the relay chain in operation
to transmit check codes over the signalling chan-~
nel to the office following each selection opera-
tion, whereby the substation and apparatus unit
selections are effected by the use of only a single
relay chain at the office and each substation.

13. In a supervisory control system, a dis-
patcher’s office, a plurality of substations, appa-
ratus units at each of said substations, a source
of direct current at the office and at each sub-
station, a single signalling chgnnel exiending
from the office to each of the substations, a single
relay chain at each station, a transmitting relay
at the office and each station operable to apply
direct current to the signalling channel, a receiv-
ing relay at the office and each station responsive
to impulses transmitted over the sighalling chan~
nel, means at the office including the socurce of
direct current, the relay chain and transmitting
relay thereat and means at the stations including
the relay chains, the receiving relays and sources
of direct current thereat whereby the apparatus
units may be selected and selectively controlled
from the office over the single signalling chan-
nel, means at the substations including the relay
chains, the transmitting relays and sources of
direct current thereat and means at the office in-
cluding the relay chain, the receiving relay and
source of direct current thereat operative inter-
mediate the selective and control operations to
indicate the character of the selections and oper-
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ations at the office whereby said signalling chan-
nel is used alternately by said office and said sub-
stations for transmitting selection, control and
indication signals, means at each substation
whereby any one may seize the signalling chan-
nel to transmit signals thereover, and means for
preventing mutilation of signals in the event that
more than one of said stations seize the channel
simultaneously. .

14. In a supervisory control system, & dis-
patcher’s office, a plurality of substations, a plu-
rality of apparatus units at said substations, a
single relay counting chain at said office and at
each of said substations, each of said relay
counting chains having a normal non-operating
position, 2 single signalling channel cohnecting
said stations, means including said relay counting
chain at the office for transmitting a selection
code over the signalling channel to select a desired
substation, means at the selected substation in-
cluding the relay chain thereat responsive to
said selection for transmitting an identification
check code back to the office, said relay chains
restoring to their normal non-operating posi-
tions following the completion of the selection
and check codes, means at the office operable

" dependent on the identification check code check-

ing with the substation selecting code for reop-
erating the relay chain at the office to transmit
a, selection code to select a desired apparatus unit,
means at the selected substation responsive to the
apparatus unit selection code for re-operating
the relay chain thereat to transmit a supervisory
code to the office, means at the office responsive
to said supervisory code for indicating the con-
dition of the selected unit, and means at the
office for again re-operating the relay chain
thereat to transmit an operation control code to
operate the selected unit.

15. In a signalling system, a plurality of sta-
tions, a source of direct current at each station,
a single signalling channel extending between
the stations, said signalling channel bheing nor-
mally open circuited, a transmitting relay at
each station operable to apply direct current to
the channel from its associated source, a single
relay chain at each station, a receiving relay at
each station having its coil connected across the
channel, means at each station and including
the transmitting relay, the direct current source
and the relay chain thereat whereby any one of
said stations may seize the signalling channel to
transmit code signals of different predetermined
numbers of impulses thereover to operate the
receiving relays at the other stations, and means
at each station operable in response to the opera-

tion of the receiving relay thereat for rendering .

the said last mentioned meéans inoperative to
transmit code signals while said receiving relay
is in operation for preventing any other of said
stations from seizing the channel during the
period while said line is seized by the first station
and code signals are being transmitted therefrom.

16. In a supervisory control system, a dis-
patcher’s office, a plurality of substations, a single
counting chain at the office and at each substa-
tion, said chains being normally in a receiving
condition, apparatus units at the substations, a
single signalling channel connecting the stations,
a source of direct current at the office and at
each station, a transmitting relay at the office
and each station operable to connect their asso-
ciated direct current sources to the channel, a
receiving relay at the office and each substation
having its winding connected to the channel,
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switching means at the office and the stations
operable to switch their associated counting
chains from receiving to transmitting condition,
means Including the direct current source, the
relay chain, the switching means and the transg-
mitting and receiving relays at the office for
transmitting code signals over the channel to
selectively operate the relay chains and receiving
relays at the stations to miake a station selec-
tion, means at the selected station including the
direct current source, the relay chain, the switch-
ing means and the transmitting and receiving
relays thereat responsive to said selection for
transmitting a check code to the office to indi-
cate the station selection, means at said office
including the switching means thereat for again
operating the relay chain and the transmitting
and receiving relays thereat to transmit an sp-
paratus unit selecting code to operate the relay
chain and receiving relay at the selected station
to select an apparatus unit, means at the selected
station including the switching means, and the
transmitting and receiving relays thersat for
transmitting an apparatus indicating code to the
office to operate the receiving relay and relay
chain thereat, means at the office controlled by
the relay chain and receiving relay thereat for
indicating the selscted unit, means at said offce
including the swilching means, the relay chain
and the transmitting and receiving relays thersat

“for transmitting operation control codes to selec-

tively operate the relay chain and receiving ralay
at the selected station to selectively operate the
selected unit, means at the selected station in-
cluding the switching means, the relay chain and
the transmitting and receiving relays thereat for
transmitting a supervisory code to the office to
operate the receiving relay and relay chain there-
at, and means at the office controlled by said relay
chain and receiving relay thereat for indicating
the operation of the apparatus unit.

17. In a supervisory control system, a -central
station, a plurality of substations, a source of
direct current at each of said stations, a single
signalling channel extending from the central
station to all of the substations, a. single selector
means at each station being normally in a re-
ceiving condition, means at each station operable
to switch the selector means thereat to a trans-
mitting condition, a transmitting relay at -each
station having transmitting contacts connected
across the channel, a receiving relay at each
station having an operating winding connected
across the channel, selectively operable means at
the first station including the direct current
source, selector means, switching means, trans-
mitting .and receiving relays thereat for trans-
mitting a predetermined number of selecting code
signals over the signalling channel to select g
desired substation and apparatus unit thereat,
means at each substation including the receiving
relay and selector means thereat responsive to
said selecting code signals whereby a predeter-
mined substation and apparatus unit thereat is
selected, means at each substation including the
direct current source, selector means, switching
means and transmitting relay thereat whereby
the selected substation selectively transmits code
signals over the channel in accordance with the
condition of the selected apparatus unit, and
means at the first station including the receiving
relay and selector means thereat for indicating
the condition of the unit.

18. In a signalling system, a dispatcher’s office,
a plurality of substations, a seurce of direct cur-
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‘rent individual to -each station, apparatus units

at said substations, a single relay chain at the
office and each substation normally in a receiving
condition, means at the office and substations for
switching said relay chains to a transmitting
condition, signalling devices at the office indi-
vidual to each apparatus unit, a single signalling
channel extending from the office to the substa-
tions, a transmitting relay at the office and a$
each station for controlling the application of
energy to said channel, a receiving relay at the
office and each substation connected across the
signalling channel, means at the office including
the source of direct current, transmitting relay,
receiving relay, switching means and relay chain
thereat and means at the substations including
the sources of direct currentf, receiving relays
and relay chains thereat whereby any one of the
substations and apparatus units therein may be
selected from the office, means at the selected
substation including the direct current source,
relay chain, switching means, receiving relay and
transmitting relay thereat and means at the office
including ‘the relay chain, receiving relay and
source of direct current thereat for operating the

'signalling devices at the office to indicate the

selection and the condition of the selected unit
at the office, means at the office including the
source of direct current, transmitting relay, re-
ceiving relay, switching means and relay chain
thereat and means at the selected substation in-
cluding the scurce of direct current, receiving
relay and relay chain thereat for selectively oper-
ating the selected unit over the channel, and
means at each substation including the sources
of direct current, relay chains, switching means,
receiving relays and transmitting relays thereat
whereby any one of the substations may seize the
signalling -chanrel in response to the automatic

‘operation of any unit to transmit signals there-
‘over to the office to operate the signalling devices

thereat.

19, In a signalling system, a plurality of sta-
tions, a central station, a source of direct current
at each station, a single signalling channel ex-
tending between said central station and said
plurality of stations, apparatus units at each of
said plurality of stations, a single relay chain at
each station normally in a receiving condition,
means at each station for switching the relay
chain thereat to a transmitting condition, signal-
ling devices individual thereto at said central
station, transmitting means at each station for
applying’ the source of direct current thereat
across said line, receiving means at each station
connected across the signalling channel, means
including an. associated relay chain, source of
direct current, switching means and receiving
means responsive to an automatic operation of
any one of said appartus units for seizing said
signalling channel to opsrate said transmitting
means to transmit signals of different numbers
of impulses over the channel to said central sta-
tion, means at said central station including the
relay chain, source of direct current and receiv-
ing means thereat responsive to said signals for
operating the associated signalling device, means
including the relay chains and receiving means
thereat for rendering said other plurality of sta-
tions non-operative to seize said signalling chan-
nel while the transmitting substation is in opera-
tion, and means at each substation operative in
the event that an appartus unit thereat operates

10

15

20

25

30

35

40

45

50

56

80

65

70

at any of said plurality of substations during the

transmission -of signals for storing said signals

75



10

15

30

40

85

60

85

70

75

21,284

until said first mentioned signals have been
transmitted, and means including the scurce of
direct - current, transmitting means, switching
means and the relay chains at said stations
whereby, following the transmission of said first
mentioned signals, signals of different numbers of
impulses are transmitted over said channel in
accordance with the other apparatus operated.

20.'In a signalling system, a plurality of sub-
stations, a central station, a source of direct cur-
rent individual to each staticon, a single signal-
ling channel extending between said ceniral sia-
tion and said plurality of stations, said signalling
channel being normally open circuited, a single
relay chain at each station normally in a
ing condition, means at sach station for switch-
ing the relay chain thereat to a transmitting
condition, & transmitting and = receiving relay
at each station, apparatus units at each of said
plurality of substations, sighalling devices indi-
vidual therete at said central station, means in-
cluding the associated source of dirsct current,
relay chain, switching means and transmitéing
relay responsive to an automatic operation of any
one of said apparatus units at o substation for
seizing said signalling channel to transmit sig-
nals to said central station, means in said central
station including the direct. current scurce, re-
ceiving relay and relay chain thereat responsive
to said signal for operating the associated signal-
ling device, means including the relay chaing,
direct current sources and receiving ralays there-
at for rendering said other plurglity of stations
non-operative to seize sald signalling channel
while said first mentioned substation is in oper-
dation, means operative in the event that an ap-
paratus unit operates at any of said plurslity of
substations during the transmission of signals
for storing said signals until said first mentioned
signals have been trahsmitted, and means in-
cluding the associated direct current source, the
relay chain, switching means and transmitting
relay whereby, following the transmission of said
first mentioned signals, signals. are transmitted
over said channel to the central statioh in: ac-
cordance with the other apparatus units which
have operated, whereby said means at the central
station inciuding the direct current source, relay
chain and receiving relay therest is again oper-
ated to actuate the signalling devices to indicate
the condition of the units. .

21, In a signalling system, a plurality of sub-
stations, a central station, a source of direct cur-
rent individual to each station, a single signalling
channel extending between said central station
and said plurality of stations, said signalling
channel being normally open circuited, a single
relay chain at each station normally in a receiv-
ing condition, switching means at each station for
switching the relay chain thereat to a transmit-
ting condition, a transmitting and a receiving re-
lay at each station, apparatus units at each of
said plurality of stations, signalling devices in-
dividual theretc at said central station, means
including an associated direct current source,
relay chain, switching means and transmitting
relay responsive to an automatic operation of any
one of said apparatus units at a substation for
seizing said signalling channel to transmit code
signals to said central station, means at said cen~
tral station including the direct current source,
receiving relay and relay chain thereat respon-
sive to said signals for operating the associated
signalling device, means including the relay
chains, direct current sources and receiving re-

receiv-
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lays thereat for rendering said other plurality of
stations noncperative to seize said signalling
channel while said first mentioned substation is
transmitting code signals, means operative in the
event that an apparatus unit operates at any of
said pluralily of substations during the trans-

‘mission of signals by another substation for stor-

ing said signals until said first mentioned signals
have been transmitted, means including the asso-
-ciated direct current source, relay chain, switch-
ing means and transmitting relay whereby, fol-
lowing the transmission of said first mentioned
code signals, code signals are transmitted over
said channel in accordance with the other appa-
ratus operated, and means at each station for
preventing multilation of signals in the event that
more than one of said stations connected by said
single channel attempt to transmit code signals
simultaneously.

22. In a supervisory control system, a . dis-
patcher’s office, -a plurality of substations, a
counting chain at the office and at each of the
substations disposed to function to control both
sending and receiving operations and being nor-

mally in a receiving condition, apparatus units

at the substations, signalling devices individual to
the apparatus units at the office, a signal signal-
ling channel extending from said office to each of
said substations, means including said single sig-

nalling channel for operating said counting chain °

a# the office and at the substations in synchro-
nism, means including the counting chain at the
office and at any one of the substations for select-
ing a desired substation for operation from said
office over said single signalling channel, means
for switching the operation of the counting chain
at the office and at the substations from receiving
to transmitting condition, means. including said
switching means and counting chains at the
office and selected substation for selecting one of
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sald apparatus units for operation, and indicat- -

ing the selection at the office, means including
said counting chains and the switching means at
the office for selectively operating the selected

apparatus unit, and means includiang said count- i

ing chains and the switching means at the se-
lected substation for selectively operating the
signalling devices at the office to indicate the
cperation of the apparatus unit at the office over
said single signalling channel. :

23. In a supervisory confrol system, a. dis-
patcher’s office, a plurality of substations,  a
counting chain at the office and at each substa-
tion disposed to function to control both receiving

and sending operations and being normally in a :

receiving condition, apparatus units at the sub-
stations, signalling devices individual to the ap-
paratus units at said office, a single signalling
channel extending from said office to-each of said
substations, means including said single signal-
ling channel for operating said counting chains
at the office and substations in synchronism,

means including said counting chains  at the -

cffice and ab one of said substations for selecting
one of said substations for operation from said
cffice over the single signalling channel, means at
the office and at the substations for switching the
cperation of said chains from receiving to trans-
mitting condition, means including said counting
chains and switching means at the office and
selected station for selecting one of said appa-
ratus units for operation and indicating the se-
lection at the office, means including said count-
ing chains and said switching means for operat-
ing the selected apparatus unit and for selectively
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operating the signalling device individual thereto

to indicate the operation at the office over said
signalling channel, and means operative in the
event that one of said apparatus units is auto~
matically operated for indicating said operation
over said signalling channel, said means includ-
ing the counting chain at the office and the
counting chain and switching means at the sub-
station at which the automatic operation occurs.
24, ITn a supervisory control system, a dis-
patcher’s office, a plurality of substations, a
counting chain at the office and at each of the
substations, apparatus units at the substations,
signalling devices individual to the apparatus
units at said office, a single signalling channel ex~
tending from said office to each of said substa-
tions, means including said single signalling
channel for operating said counting chain at the
office and substations in synchronism, means in-
cluding said counting chains at the office and at
a substation for selecting said substation for
operation from said office over said single sig-
nalling channel, means responsive to the station
selection and including said counting chains at
the office and the selected station for selecting
one of said apparatus units for operation, means
responsive to said apparatus unit selection and
including said counting chains at the office and
selected station for indicating the selection at
the office, medans including said counting chains
for selectively operating the selected unit and
means including the said counting chains for
selectively operating the signalling device to in-
dicate the operation at the office over said single
signalling channel, means including the relay
chain at the office and an associated chain oper-
ative in the event that one of said apparatus units
is automatically operated for indicating said oper-

‘ation over: said signalling channel, said means

including the counting chains at the office and
substation in which the automatic operation oc-
curred, and means operative in the event that
said automatic operation of a unit occurs while
said signailing channel is being used for storing
said signal until the signalling channel is free to
transmit signals.

95. In a supervisory control system, a central
station, a plurality of substations, & source of di~
rect current at said stations, apparatus units
at said substations, a single relay chain at each
station, a single normally open circuited signal-
ling channel extending from said central station
to each of said substations, a transmifting re-
lay individual to each of said stations having
transmitting contacts operable to connect the
direct current source across the signalling chan-
nel, a receiving relay winding individual to each
station connected across the signalling channel,
and means including said single relay chains and
said transmitting and receiving relays and said
sighalling channel and said sources of energy
for selecting any one of the substations and an

_apparatus unit therein, selectively controlling a
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selected apparatus unit and indicating its condi-
tion at the central staticn from said cenfral sta-
tion, by means of separate code signals individual
tc each function.

26. In a supervisory control system, a central
station, a plurality of substations, a source of
direct. current at said stations, apparatus units
at said substations, a single relay chain at each
station, 2 single normally open-circuited ‘signal-
ling channel extending from said central station
to each of said substations; a plurality of control
devices at the central station each individual to
a unit, & transmitting relay individual to each of
said stations; a circuit including said source
of energy individual to each of said transmitting
relays and applied across said signalling channel
under control of its individual transmitting con-
tacts; a receiving relay winding individual to
each .station connected across the signalling
channel, and means including said contrel de-
vices, said relay chains, said transmitiing and
receiving relays, said signalling channel and said
sources of energy for selecting, selectively con-
trolling and indicating the condition of said ap-
paratus units at each of said substations from
said central station, by means of a code combina-
tion of impulse conditions individual to each
function to be performed.

. 927. In a supervisory control system, a central
station, 2 plurality of substations, a source of
direct current at said stations, apparatus units
at said substations, a single signalling channel
extending from said central station to each of
said substations, a transmitting relay at each of
said stations, a circuit including seid source of
direct current individual to each of said trans-
mitting relays and applied across said signalling
channel under control of its individual transmit-
ting contacts, a receiving relay at each station
having its winding connected across the signalling
channel; a relay chain at each station, said trans-
mitting relay at each station being cperable to
connect the direct current source thereat across
the signalling channel for transmitting code com-
binations of impulse conditions over such single
signalling channel in accordance with a prede~
termined desired operation, means at the central
station including the relay chain thereat for se-
lectively operating the transmitting relay to
transmit different code signals, said receiving re-
lays at each station being responsive to said im-
pulses for selectively operating their associated
relay chains in accordance with received code sig-
nals, means including all of said receiving relays
in response to a predetermined code for locking
out all but a predetermined substation In re-
sponse to said code, means at the selected sub-
station for conditioning the relay chain thereat
to operate its associated transmitting relay to
transmit an identification code back to said cen-
tral station over said signalling channel through
the operation of its associated relay chain.
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