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CHARLES REMINGTON, OF LIVERPOOL,
'PHONE AND TELEGRAPH COMPANY,
"OF DELAWARE :

ENGLAND, ASSIGNOR TO ASSOCIATED TELE-
OF KANSAS CITY, MISSOURI, A CORPORATION

REMOTE CONTROL SYSTEM

L Appiication'ﬁl_ed June 'il,"1927; Serial No. 198,173, and in Great Britain July 18, 1926,

The. present invention relates in general to:
remote control and supervision systems, and
more specifically to such systems in which
the “operation ‘and supervision of power

switching devices is performed from a dis-
tant station, and the principal object of the -

_ invention, briefly stated, is the provision of
‘a new and improved remote control -and

supervision system, the improvements malk-
ing the operation of the system more positive

- and. more reliable, and making its original

cost and maintehance expense substantially

lower. : : , ‘

- In general, the present invention relates to
improvements in my copending applications
Serial Numbers 86,383, filed Feb. 6, 1926, and
109,825, filed May 15,1926, although the par-
ticular novel features discfnsed herein are not
necessarily limited in the application to dis-
:closures. of those applications but can be ap-
‘plied to other systems. o o

.- The systems,of the foregoing applications

+employ a piilsing scheme 10 which the send-

- ferent polarity from the rest to designate the .

ing switch at the dispatcher’s station sends

5. out a fixed number of impulses each time it

is operated, one of these pulses being of dif-

" signal then‘being transmitted. At the sub-

30

- operated until the reversed impulse is re-
ceived and the first.and third switches, after-

" station, three switches are operated by these

impulses, the first and second switches being

- that'pulse is received. = The reversed pulse
- controls the switch over from the second to

5. the third switches through a polarized relay.

-If -the 'second and third switches have been
properly.set the dispatcher may operate the
selected device by throwing an operating key.
" As a furthér object of the presént inven-

“tion, I have provided a second switch at the ‘

. - dispatcher’s office, which switch is operated

i 'synchronism with the sending switch until

_the "distinctive’ pulse is sent.. This second

switch is_ then stopped; to prepare circuits

» which' cooperate with the second and third

- substation switches té more positively check

the. impulsing eperation, apprising the. dis-
patcher if the switches are correctly set.

As a further object of my invention, I sim-
plify the equipment by eliminating the polar-

ized: relays which control the change‘ over

from the second to the third substation switch,
and substituting therefor relays which are
controlled by a.pulse of the same polarity
as the other pulses of the series. : '

In connection with the supervisory signals
sent by the sender in the substation to mndi-
cate the positions of the circuit breakers I

‘provide, as a further object, circuit arrange-

ments for causing. the substation “sender to
repeat the supervisory signals in casé the
check- back indicates ‘that the supervisory

switch in the dispatcher’s station has not been

properly set in response to the inmipulses trans-

‘mitted by the substation sender.. v
Further objects of my invention, not speci-

fically mentioned here, will be apparent from
the detailed description and drawings which

follow.

One example of carrying the inverntion into

effect will be described with reference to the-

accompanying drawing which illustrates one

‘form of the invention. It is of course under-

stood that considerable. variations may be

"made from this example without departing

from the spirit of the invention.
Fig. 1 illustrates the selecting equipment

40

66

70 .

]

at the main station, Fig. 2 the supervisory -

equipment. Fig. 4 the selecting equipment
at the substation and Fig. 8 the supervisory
equipment. ' '
- The drawings should be placed in the fol-
lowing order: Fig. 4 at the extreme left and
Figs. 3,2 and 1 successively to the right of
this figure. - ‘
Referring to Fig. 1 the selecting equip-
ment comprises two quick acting relays Z
and H1, two locking relays KR and WR and

 three sluggish relays N, SA4 and SA5. In

selecting key (SK1,.SK2, SK3)
way operation is provided for
breaker to be controlled moving

addition a
having two

each circuit

-one way to pub the circuit breaker in and the
opposite way to pull the circuit breaker out..

An operating kéy OK common to al the keys
is also provided for the purpose of effecting
the actual operation. In addition two rotary
line switches are provided namely rotary
line switch RLSB

and rotary line switch
RLSC. Rotary line switch RI.SB functions

85
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_ pulses, while

B
. with each key.

10

2

‘as.a couhting switch and mbv_es through a

complete cycle for the transmission of im-
rotary line switch RLSC func-
tions as a control switch: and only moves as

far as a contact by the selecting key operated -
“and serves to select the indicating lamps L,

L2, L3, LA, LB, LO, two of which, such -as
LA or 12, LB or L3, LC are associated
"These lamps are lit when. a
proper check is received to indicate that the
apparatus at. the substation has been cor-

rectly selected, and that accordingly the cor-

" yéct circuit breaker -has been selected. The

15

. other to control the transmission of impulses,

20

- this time.
energized immediately any key is depressed,-

30

35

function of the relays is briefly as follows:
the two slow acting relays SA4 and SA5 are
for the purpose of interacting ‘with - each

while one slow acting relay N is adapted to.
Dbe energized when the operating key OK is

“depressed to effectcertain operations which

will be described in detail’ when deseribing

_the complete operation. Of the two locking
. relays the first i
‘when .a marked contact is reached by the
wiper of rotary line switch RLSC to prevent:

first KR is provided to energize

its operating magnet operating further at
A second locking relay WR is
and effects certain functions initially at the
commencement. of the -transmission of the
selecting impulses. Of the quick acting re-

1ays one: (Z) is energized on the first step of
- the rotary

] jine switch RLSB-and is locked
energized s
normal, while the other relay HI is energized

*'when the apparatus at the substation 1s set

40

‘operating key. is depressed.

g0 as to select a particular circuit breaker to

be operated and remains energized as long
as the selecting condition remains to enable
the operation to be performed whenever the
For the pur-

. pose of this description, accounts will be

45

bring

trols 'which are effécted in the control.room to
about the desired result at the substa-

tion, the operations thereat being then de-

. seribed. It will therefore be. assumed that

50

the first operation is to put circuit breaker

“No. 2.in.. For this purpose the selecting key
 SK2 is moved so as.to close its upper con-

tacts 150, 151. .The closure of contact 150

_completes a circuit for' the left hand wind-

55

ing of relay WR as follows: positive pole of -

_ battery B (represented by thin dotted lines

60

65

‘throughout the drawings), left-hand wind-
ing of relay WR, contact 24, conductor Ci,.

contact 41, contact 56, conductor C2, contact
150, switch SK2, conductor C9, contact. 40,

- the negative pole of battery B (represented
by thick full lines). Relay WR therefore
. -energizes;

at the same time a -branch eircuit
is completed over the back contact 23 of the
relay Z, normal contact of wiper B3 of the

until all the keys are restored to-

ven of the operations at the control room
~ and the substation separately, it being con--
sidered sufficient to indicate the various con--

1,798,828

rotary line switch RLSB, wiper B3, relay
SAB, back contact 102 of relay SA4 to posi-
tive pole of battery B. Relay: SA5 thereby
energizes. Relay WR in energizing connects
negative .pole of battery B to the lead 17
which extends over the contact 59 of . relay
SA9Q associated with the supérvisory equip-
ment to the lead 17TA extending to the sub-
station, and positive pole of battery B over
contact 103 of relay SA4 to the lead 18 which
extends over another back contact 61 of relay
SA2 to the lead 18A extending to the sub-
station. This is the preparatory condition
for effecting the apparatus at the substation.
In addition a locking circuit is prepared for
the right-hand winding of relay WR as fol-
lows: positive pole of battery B, contact.
129, wiper B3, to negative pole of battery B,

but is not completed until wiper B5 has been

stepped off  normal. When wiper B5 is
stepped to an off normal position the locking
persists until the wipers again reach the nor-

‘mal position. . Further a point is opened at

contact 26 in the circuit of operating magnet
MC of rotary line switch RLSC in the cir-
cuit including its self-interrupting contacts
152. Relay SA5 on energizing connects posi-
tive pole of battery B to the operating mag-
net MB of the rotary line switch RLSB at

contact 88, thereby energizing this magnet.
Tt also completes a circuit for relay SA4 at -

contact 39 and for operating magnet MC at
contact 87. Magnet MC ‘and magnet. MB
are therefore both energized, the wipers of’
these switches however do not step, as the

-arrangement is such that this type of switch

only steps on the de-energization of the mag-
net. Relay SA4 on energizing opens the cir-
cuit of relay SA5 at contact 102, disconnects
positive pole of battery B from the line 18A
at contact. 103, thereby sending a positive

70

75

80

85

90

95

100

105

impulse to the substation and connects neg- . .

ative pole of battery b (shown in thick dotted
lines throughout  Figs. 1 and 2) at contact
30 to the impulsing lamp YL which has its
ofher terminal connected to the positive pole

110

of battery b, the impulse lamp therefore -

lights: SA5 on de-energizing opens the cir-
cuits of magnet MB, MC at contacts 38, 37
respectively, and SA4 causing magnets MB
and MC to de-energize so that the wipers of
the rotary line switches RLSB and RLSC
advance one step and also causes relay SA4
to de-energize. Relay Z now cnergizes in the
following circuit : positive pole of battery B,
wiper B2 of rotary line switch RLSB in oft
normal position, relay Z, conductor Cl, con-
tact 41, contact 56, over conductor 02, con-
tact 150, conductor (9, contact 40 to nega-
tive pole of battery B; and opens the original
energizing circuit at contact 24 for the left-
hand winding of relay WR, and the original
energizing circuit for relay SA5 at, contact -
93, over wiper B3, relay WR remaining en--
ergized over the locking winding previously

115

120

125

130
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described, while felay SA5 connected to
wiper B3 is connected to negative pole of bat-

“tery B independently. Relay Z also opens
‘a point at contact 25 in the circuit of the in-

terrupter contacts 152 of magnet MC, it also
connects positive pole of battery B tg the nor-
mal contact 153 engaged by wiper B2 at con-

- tact 20; and relay H1 at contact 21 to back

10

15

20

25

30

contact 22 of relay WR'so that when this re-
lay ‘de-energizes the relay H1 is connecteéd
between the lines 17Aand 18A. The wipers
of the rotary line switches RLSB and RLSC,
continue to advance. under the control of
SA4 and SAS5 until the contacts marked by
the selecting key-SK2 are reached. These
contacts are the fourth contacts engaged by
the wipers €2 and B1 respectively. The
wiper C2 is not at this time in an active con-
dition as relay N is not energized, but. the

wiper Bl completes a circuit: negative pole.

of battery B, contact 40, conductor C9, con-
tact 151, contact 154, wiper Bl, winding of

-relay KR, contact 34 to the lead 40, Current

is thereby transmitted over a circuit includ-
ing the leads 40 and 18A at this instant,
which serves the double purpose of operating

relay KR and of operating a gwitch-over re-
‘lay ‘at the sub-station. It should be meh-.

tioned that other impulses similar to the first
described impulse to the substation, are.sent
each time relay SA4 opens and closes its con-
tacts, so that one impulse is sent to the sub-

« station for each step made by the rotary line

40

switches RLSB and RLSC. When relay KR
operates it closes a locking circuit for itself
as follows: negative pole of battery B, wiper
C5, contact 85, left-hand winding of relay

KR, positive pole of battery B. Relay KR

therefore remains energized as long as the
rotary line switch RLSC is in an off normal
position; relay KR opens tlie impulsing cir-

- euit for magnet MC at contact 36. Magnet
-MC therefore ceases to- operate to further,

impulses and remains with its wiper C1, C2

‘resting on the fourth contacts. 'The rotary

~line switch RLSB however continues to ro-

50

€0

o
o«

tate until a number of impulses correspond-

-ing to the movement of a rotary line switch

RLSB through a complete cycle 1s completed.
When this occurs, provided the apparatus at
the substation has operated eorrectly, battery

will be connected: at the sabstation. to the

leads 17A and 18A." In the meanwhile at the

control room- the locking circuit for relay-
_WR will have been opened due to wiper Bj

reaching the normal contact, relay WR ac-
cordingly de-energizes. Relay Z.is howevet

still energized because positive battery is sup- .

plied to the normal contact of wiper: B2 ¢ver

1ts' own contact 20, relay Z being of course:
connected to negative pole of battery B as-
long as a selecting key 1s depressed.- Tt will

be noted that this relay cannot therefore re-
store until all the selecting keys have been
put back to normal. Relay WR in de-ener-

3

,%izing disconnects negative pole of battery

from the lead 17TA at contact 22 and at

the same time connects relay H1 across the
lines 17A and 18A, over contacts 21, 22. Re-
lay H1 responds to battery supplied back
from the substation at this time as will be
described hereinafter, and connects positive
pole of ‘battery B at contact 128 to one side

"of the lamps marked “In” and “Out”, asso-

ciated with the selecting keys, connects nega-
tive pole of battery B over contact 29, con-
ductor C3 to_contact 43 of relay RP1 for a
purpose to be described. later. The lamp
marked “In” associated with the selecting
key SK2 has its other terminal connected over

“the fourth contact 105, wiper C1 to negative

pole of battery B, and accordingly this lamp

-energizes and as it corresponds to the select-

ing key SK2 and to the direction in which the
selection key has been oPeratecl, namely to
operate the upper or “in” springs, it serves
as a direct check to the attendant. The at-
tendant can now operate the selected appa-

ratus at the substation and for this purpose.

he presses his operating key OK. When
this occurs, a circuit is completed for relay
N -as follows: positive pole of battery B, op-
erating key OK, relay N, negative pole of
battery B.- Relay N energizes, opens the in-
itial energizing contact of relay KR at con:
tact 34 and completes a circuit as follows:
negative pole of battery B, contact 40, con-
ductor C9, contact 151 of the selecting key
SK2, fourth contact 155, wiper C2 at contact
33 to the lead 40, thereby effecting the opera-
tion of the.selected apparatus at the substa-
tion, as it also connects positive pole of bat-
tery B at contact 32 to the lead 18A, thus

completing the return circuit for effecting

the operation.- It completes a circuit for re-

1ay RP3 as follows: positive pole of battery

B, contact 31, conductor C5, relay RP3 to
negative pole of battery B for a purpose to
be described later.” Relay N being slow act-
ing ensures that. the' operating circuit is

h

cclosed for-a sufficient interval of time, even
[if the operating key,is only pressed momen- .
tarily. Preferably this operating key is of-

the self restoring type and cannot therefore
remain in the operated position after once

-the attendant has ceased to press it.

- Having seen that everything has operated
correctly whether the selection only or the
selection and operation, the attendant re-
stores his selecting key to normal, where-
upon delay Z de-energizes; relay 7 in de-
energizing opens its own locking cireuit at

75

80

80

100

105

110

115

120

contact 23, so that it cannot energize imme-

diately another key is depressed, and closes
its back eontacts 24 and 25. The closure of
both these contacts is without effect. . It will

‘have been noticed that relays SAS and SA4 -

cease to operate when the wiper B3 reaches
the normal contact because of relay Z being
energized as long as the selecting key SK2

125

130
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10

4

was deé)ressed. A circuit is closed for mag-
net MC, negative pole of battery B, wiper

C5, contacts 26, 25, interrupter contacts 152,

magnet MC, to positive pole of battery B.

‘Magnet MC, therefore operates under the

control of its.own interrupter contacts to
advance the wipers to. normal. The circuit
of relay H1 is opened at contact 21 by relay
Z, and therefore this relay de-energizes and
everything:is.now restored to normal.
Before considering the reception of select-
ing signals at the substation, for which refer-
ence should be had to Fig. 4, it-"will be well

' to review briefly the ciréuits completed to

15

- the leads 17A and 18A. Secondly, positive

20

theleads 17A, 18A and 40 at the control room.
These are: firstly, battery is connected across

impilses are transmitted over.lead 18A while

' negative battery is maintained over lead 17A.
.Thirdly, whemn 'a marked contact is reached,

negative battery is connected to. lead 40.
Fourthly, when a complete cycle of impulses
(say 25) have been sent over the leads 17TA
and 18A, battery is connected sacross the leads
17A and 18A. at the substation and relay H1
is connected across the leads 17A and 18A
at the. control room in place -of battery.
Iifthly, to operate the selected apparatus,

- negative pole of battery is connected to lead

'30.

35

.40 momentarily. Sixthly, the circuit for re-
-lay Hl across the leads 17A and 18A is opened

to restore the selecting equipment at the sub-
station. L c
It will be noted. that the line relay LR
(Figure 4) is connected between the conduc-
tois 17TA and 18A as follows:—conductor

' - 18A, contact 29, conductor 18B, relay. LR,

" contact 209, contact 28, conductor 17B, con-
" tact 27, conductor 1TA, consequently “when

40.

battery is connected across the leads 17A and

" 18A at the control room, the line relay ener-

- for relay'S
MB of the ro

45

gizes and at gontact 201 completes a -circuit
, at contact 202 for magnet
y line switch RLSB over con-
contact 204 for magnet MA

of the rotary

" RLSA. ~Wheri'the pulses are received the
- magnets MA and MB stép the wipers of their

50

55

60

.respective switches one step at a' time, when
the contact marked by the selecting key at’

the control room is reached as previously de-
scribed, a circuit is completed from negative
pole of battery
contact 205, the right-hand winding of relay
COR, to lead 18B, contact 29, and conducter
18A which is connected to positive pole of

‘battery B. Relay COR accordingly ener-:

gizes and substitutes the magnet MC:of the

-rotary line switch or checking switch- RLSC

in place of magnet MB by opening contact
208 and closing contact 206. The rotary line
switch RLSB therefore functions as a select-
ing switch and rests with its wipers on the
fourth contact, while magnet MA continues

#5 to step on but this time with the magnet MC. for Telay

e switch or counting switch’

B. over conductor 40, over’

1,793,828

Relay COR completes a locking
itself at contact 207 over the back eontact 118
of relay BR. The line relay proceeds to re-

"ceive pulses, so that in all it receives 25, the-

.number of steps taken by the rotary line
switch RLSB at the control room, and RLSA
.and RLSB and RLSC jointly at the substa-
tion. When this cycle has finished, the ro-
tary line switch RLSA: will have restored.to
-normal. The rotary line switch RLSB will

circuit for .

70

75

~have its wipers resting on the fourth contact, -

~ and the rotary line switch RLSC will have its
‘wipers resting on the tweénty-first’ contact.

In- this position as battery 'is disconnected .

from across the leads 17TA and 18A at the
control room, the line relay LR de-energizes;
shortly after the relay ‘SAR de-energizes.

80

The circuits of the magnets MA, MB and MC. -

are opened. Battery will then be fed to the -

.control room as follows:—pesitive pole of

battery B, wiper C8, wiper B3 and the con--

85 -

- tacts on which these wipers are resting, wiper .
" Al and its normal contact to.conductor 18B,

contact 29 to conductor 18A; and negative
pole of battery, contact 210, conductor C183,
relay HR, -conductor 17B, contact 27, con-

ductor 17A. Relay HR at the substation

‘energizes in series with relay H1 at the con-
trol. room, disconnects the line relay from
across the conductors 17A and 18A at con-
tact 28, opens a point in the circuit of relay
BR at contact 211, disconneets conductor 40
from the cut-off relay COR at contact 205

‘90

95

and connects it up at centact 212 over con- .

ductor C14 to. relay O1, the other winding

of which is connected to conducter 18A.

Consequently at this-time it is possible for
the operator at the control room, by pressing
the opetating key, and thereby connecting
battery -between the conductors 40 and 18A

100

.105

to operate relay Ol, thereby effecting. the -

utting in of ecircuit breaker No. 1 -as fol-
lows :—negative pole of battery B, contact
213, conductor C16, terminal 214, interposing
relay for operating circuit breaker No. 1 (not
shown), terminal 215, fourth contact 216 of
wiper B1, wiper B1, contact 217 to positive

.'polé.of battery B.. Relay O1 also serves the -

110

purpose of preventing the sending of super- -

visory signals from the substation, while the

operation is in progress, as will be apparent

by the further description.  Additional
means which will be described later are pro-
-vided for preventing the transmission of
stpervisory signals wlhile the selecting oper-
atlon is in progress. . . . , .

' Having effected the desired operation and

having restored the selecting key to normal

115

120

the circuit in which relay HR is energized is -

- opened as well of course as the circuit for re-

lay O1 and the interposing relay. Relay O1
in de-energizing simply permits the trans-
mission of supervisory signals whereas the
relay HR in de-energizing completes a circuit
BR as follows:—positive pole of

125
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" battery ‘B, Wipers B5 or C5 (in parallel as

10

long as both switches are off-normal) relay
BR, conductor C10, contact 218, conductor
C12, contacts 219, 211 to negative pole of bat-

tery B.. Relay BR energizes and completes -
a circuit at contacts 220 and 221 for inter-

rupter contacts and magnet MC and for in-
terrupter contacts and magnet MB. "Magnets

" MB and MC therefore operate to open their

Interruption contacts and step the wipers B1,
B2, B3 and B5 and-wipers C1, C2, C8 and Cb

respectively to normal. Tt will be noted that
- relay BR also closes a contact 122, which is

15

20

25

30

35

~without effect as the.wiper A2 is thén in nor-

ma] position, If however for any reason the

“wiper A2 had stuck in an:intermediate posi-
tion, this circuit would have served to restore

1t to.normal by energizing the magnet Ma
througlr its interrupter contacts. Relay BR:

by opening cortact 118 opens a locking cir- .

cuit for relay COR which deenergizes, the

line relay and relay SAR having already de-
-energized - immediately -subsequently to the

transmission ‘of the selecting impulses and
consequently everything is now restored to
normal. , o

‘A ‘description will now be given of the

transmission of supervisory signals when a

circuit breaker changes its position, whether
automatically or under the control of an at-

-tendant.. ‘A description- will be first given

with reference of Fig. 3 which shows the sub-

-station equipment. “When the circuit break-

er No. 2 is put in due to the operation pre-

viously described, a rotary brush controlled -

thereby momentarily connects two segments

" together, thereby’completing a circuit for re-
. lay RSR1 as follows :—negative pole of bat-

40
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%&g}i{ B, segments 261, 260, contact 224, relay

SR1, wiper D4, normal contact 225 to posi-
tive pole of battery B. Relay RSR1 ener-
gizes-and completes a locking circuit for it-

‘self-over contact 226 independently of the’

transsitorily closed contact between the seg-
ments. It also completes a circuit, provided
the rotary line switch RLSA is in normal po-

sition for slow relay SARL and relay LLR"

- at contact. 227. These circuits may be traced
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as follows :—negative pole of battery B, con-
tact 228, conductor C18, normal contact 229,
wiper A3, conductor C19, contact 227, normal
tontacts 230, 231 where the circuit divides,
one part passing over wiper D1, relay LLR to
positive pole of battery and the other part
passing over wiper D5,-relay SAR1, contact

232 to positive pole of battery B. = These cir--
cuits are so arranged that only provided the

rotary line switch RLSA: is at normal, and
that relay O1 is not energized, that is pro-
vided no selecting signals are being trans-
mitted and provided that no_circuit breaker
is being operated, can the relays SAR1 and
LLR energize. Relay SARI on energizing
completes a circuit for magnet MD af con-
tact 233. Magnet MD accordingly energizes.

5
A cireuit is also.completed at contact 234 for

relay SAR2 which energizes. It should be
mentioned that a circuit in parallel to the cir-

cuit through relay SAR1 extends to relay ‘

CO1 and thence over contact 235 to positive
pole of battery. Relay CO1 on_ energizing
opens contact 210 to prevent relay HR ‘from

70 -

energizing and to prevent battery being trans- .

mitted back over the eonductors 17A and 18A,
diseonnects the conductor 18A. from the con-
ductor 18B and the line relay LR at contact
29, and connects positive battery to said con-
ductor at contact, 236, disconnecting conductor
17A from the selecting equipment, and con-
nects it at contact 237 to contact 238 opened
by relay LLR which energizes at the same
time as relay CO1.. Relay LLR in addition
connects negative pole of battery B over con-
ductor C15 to the lead 40 at contact 239 over
contact 205. - It will therefore be seen that on
the initial step, & circuit is completed over the
conductors 18A and 40 due to the fact that
negative pole of battery B is connected to the
conductor 40 and positive battery to the con-
ductor 18A. This prepares the supervisory
equipment at the control room,.
is energized shortly after this by relay SARI,

“over contact 234, and opens the circuit of re-

lay SAR1 at contact 232 and a point in the
circuit already opened by LLR at contact
240. 'Relay

advances the wipers D1, D2, D4 and D5 one
step, at wiper D4 the circuit of relay RSR1
is opened so that this relay accordingly- de-
energizes and opens the original energizing
circutts for relay SAR1, CO1, and LLRE.
LLR remains deenergized as its circuit is also
opened at wiper D1, but wiper D5 connects
negative pole of battery B direct to relays
SAR1 and CO1. Relay SARI therefore is

75

80

85

90

Relay SAR2

AR1 accordingly deenérgizes - -
.and opens the circuit- of magnet MD which
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in a-position to energize whenever relay SAR2 -

is deenergized -while the relay CO1 remains
locked energized. Relay SAR1 on deener-
gizing opens the circuit of relay SAR2, so
that this relay shortly after deenergizes.
Relay LLR also being deenergized battery is
connected across the conductors 17A: and 184,
positive to conductor 18A and negative td
conductor 17TA, to effect the next operation at
the control room. It will be noticed that re-
lays .SAR1 and SAR2 intermittently ener-
gize and consequently pulses are continued so
that the wipers step successively back to the
normal position and pulses are sent corre-’
spondingly over conductors 17A and 18A.
During its stepping.each time the wiper D1
reaches a contact connected to negative pole
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of battery B, a circuit is completed for relay - .

LLR from the segments of the eircuit break-
ers which are in so that LLR energizes and

-connects negative pole of battery to lead 40,

and. at contact 238 opens the circuit across
the conductors 17TA and 18A which circuit is
open at 240. Relay LLR deenergizes im-
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tive pole of battery is connected to the con-

6

mediately wiper D1 leaves the contact corre-
sponding to the circuit breaker which is in,
that is when relay SAR2 is deenergizing, and .
is therefore without effect as regards impuls-, .
ing over the conductors 17A and 18A." Nega-~

tacts stepped over by the wiper D1 for each
time that a civcuit breaker is in, for instance
when cirenit breaker No. 1 is in, negative pole
of battery is connected via rotary brush be-

- tween the two upper segments 222, 241 as

15

shown and thence to -the third contact en-
gaged by wiper D1. If circuit breaker No. 2
was in, negative pole of battery would have
been connected over segments 261, 262 to the

fourth contact and similarly with the other

circuit breakers, so that LLR sends an impulse

~ over the lead 40 for each circuit breaker that

- 20

was in, that is it completes a circuit between
the conductors 18A -and 40 momentarily.
When the switch reaches normal- position,
CO1 and SARI1 restore to normal, and every-

. thing is then restored to its original condition

25
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‘with battery

disconnected from all three con-
ductors 17A,18A and 40. o
It may be mentioned at this point that if -

the selecting equipment is operated to put a
circuit breaker in, when the wiper C1 at tlie.
substation-is set on a contact corresponding
to that cirenit breaker, and the operating
key depressed so that relay Oil would be ener-
gized, a circuit is completed as follows, as

" soon as the circuit bréaker is actually in:—

36

negative pole of battery B, segments 261, 262.
engaged by rotary brush, conductor (21,

‘twenty-third contact engaged by wiper C1 of

rotary line switch. RLSC, wiper C1, conduc-

. tor C11, relay X, wiper D2 of rotary line

40

" 45

switch RLSD, its normal contact, contact 243
of relay O1 topositive pole of battery B. Re--

lay X on energizing effects the following cir-

cuit changes: It completes at contact 244 a
locking circuit for-itself independent of the
circuit over wiper C1, and at contact 245 a
locking circuit for itself dependent on wiper
D2 and its normal contact but independently

of the contact of relay O1, at contact 224 it

"~ opens the circuit of relay RSR1, and at con-

50

tact 246 prepares a circuit for relay Y so
that this relay will energize if the circuit-
breaker should immediately come out, and a

" ‘momentary circuit be completed between the
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Jower segments 261, 260 engaged by the

rotary brush. Relay X closes at contact 247
a point in-a circuit which however -has no
effect at this time, opéns at contact 218 a' point
in the circuit of relay BR to prevent this re-
lay energizing, and thereby prevents the
rotary lineswitches RLSB and RLSC from
restoring to normal.’ Relay Y on energizing
at contact 248 connects negative pole of bat-
tery to the upper winding of relay RSR1
thereby energizing this relay, and completes
a locking circuit for itself at contact 249.
Relay RSR1 then proceeds to effect the opera-

1,798,828

‘tion of ‘the transmission of supervisory sig- -

nals, the operation proceeds as before, ex-
cept that as negative pole of battery is con-
nected over the circuit; contact 244, conduc-
tor C11, wiper C1 and its twenty-third con-

tact; to the fourth contact in the bank of

wiper D1 corresponding to the particular cir-
cuit breaker discussed, and relay LILR to posi-

tive pole of battery B, the signal sent will

be .that the circuit breaker is.in although
actually it may beé out. - This signifies that
the circuit breaker has actually moved to the
“in” position. - When wiper D2 reaches its
twenty-fifth contact, the locking cirenit of re-
lay X is opened and this relay releases as also
does relay Y. Relay BR energizes and the
seélecting equipment returns to normal. Re-
lay RSR1 having de-energized as before on
the first step of D4 has energized again owing
to-relay Y being held energized, while the
locking circuit for relay RSR1 is open, and
so the supervisory signals are repeated and
this time the circuit breaker in question is
signalled as being “out”. - :

It will be noted that the operations at the

substation are ag follows :—Firstly battery is-

initially connected across the conductors 18A
and 40, secondly battery impulses are sent

over the conductors 17A and 18A, and thirdly

each time a rotary line switch is in a posi-
tion corresponding to-a circuit breaker that
is-in, battery is again connected across-the
conductors 40 and 18A and no impulse is sent
over conductors 17A and 18A at that time.
With this preliminary recapitulation of the
signals sent from the substation a deseription
will now be given with reference to Fig. 2
of the reception of supervisory signals at the
controlling station. It will be noted that re-
lay R1, when wiper B4 of the rotary line
switch RLSB .is'in normal position and the
operating key is'not depressed, is connected
across the-leads 18A. and .40 :in the circuit,
lead 40, contact 34, conductor €8, relay R1,
conductor C7, normal contact B4, wiper B4,
conductor C6, contact 160, lead 18A, so that
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when the substation initially connects battery .

across the leads 18A and 40, relay R1 is ener-

gized, completes a circuit for relay SA3 at
contact 52, and connects. hegative pole of ‘3
3 of the rotary

battery at contact 53 to wiper
line switch RLSA. Tt -also completes a cir-
cuit as follows :—positive pole of battery. B,
magnet MA, contact 55, contact 54, to nega-
tive pole of battery B. Magnet MA of the
rotary line switch RLSA - thereupon ' ener-

‘gizes but does not however advance the wip-

ers-until it is released. Relay R1 conmnects
negative pole of battery B at contact 51 to
the lefthand windings of relays R8 and R4
and to relay SA1. - SA8 on energizing com-
pletes a circuit for relay SA2 at contact 49,
which relay disconnects the leads 17A and

120

18A at contacts 61, 59 respectively from their -

extensions 17 and 18 to the selecting equip-
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ment s0-as.to render the selecting equipment
inoperative, and connects them to relay R2 at

~contacts 62 and 60. Relay SA2also completes

10

~-an energizing circuit for relay R5 at contact

57. Relay SA1l on energizing disconnects
positive pole. of ‘battery B from the right-
hand winding of relay RP1 at contact 45, and
opens a point at contact 48 in the circuif of the

left-hand winding- of relay RP1. R4 also

energizes and completes a circuit of contact

78 for the circuit breaker pilot lamp CBPL
which lights to indicate that.a supervisory

signal is being received from the substation.'

- Relay R4 completes a locking circuit for itself

15

at contact 99 through the contacts 161 of the
circuit breaker alarm key. Relay R3 ener-

. gizes by current flowing .through its left-

.20

hand winding and the contact 162 of the mas-

ter key and locks energized over the comntact
161 of the ciicuit breaker alarm key. At
‘the same time it connects positive pole of .

" battery B at contact 101 to the circuit breaker

25
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pilot bell CBPB, whereupon the bell rings
and calls the attention of the attendant to
the change of position of a circuit breaker at
the substation. = All these operations take
place due to battery being connected across
the leads 18A and 40 of the substation. The

-next control exerted from the substation is
- 30

the transmission of impulses over the leads

17A ‘and 18A causing the relay R2'to pulse,

the relay R1 de-energizing immediately the

-magnet of the. rotary line switeh at the sub-

station de-energizes. Relay R2 maintains at
contact 68 the circuits of relays R3, R4 and

SATL, connects negative pole. of battery to
wiper A2 at contact 63, establishes a new
“circuit for the magnet MA at contact 66 and -
conneets negative pole of battery to wiper A1

at contact 67. As described 25 pulses are re-
ceived by relay R2 which thereby causes mag-
net MA to step 25 times and so restore to nor-

“mal..-but at various times the circuit is com-

pleted over the leads 18\ and 40 causing the

7 relay R1 to energize as each wiper D1 at the

substation (Fig. 3) inakes connection with
a contact connected to a circuit breaker which
isdn. . . » : -
-For the circuit breaker described the ro-
tary line switch RI.SD at the substation will
advance three steps when a circuit will be
completed over the leads 18A and 40 for the
relay R1. " The wipers A1, A2 and A3 will
then be resting on the fourth contacts; relay
R1 will be energized at this time and a circuit
will be completed as follows :—negative pole

- of battery B, contact 53, wiper A3, fourth

€3

€3

contact, left-hand winding of relay DR to
positive pole of+battery ‘B. The relay DR
having differential windings and being nor-
mally energized through its right-hand wind:
ing and contact 89 deenergizes at this time so
that in-doing so it'disconnects the green lamp.
and connects a circuit for the red lamp. By
pressing the circuit breaker alarm key the

7

locking circuit for relays R3 and R4 is opened
which thereupon deenergize and everything
restores to normal. . : A

It should be mentioned that the relay SA2
was loeked energized after the first step over
wiper A5 and bank contact engaged thereby.
The operation of the circuit breaker alarm

-key causes the circuit breaker pilot lamp to be
-extinguished and the ringing of the cireuit

breaker pilot bell to cease. ‘
If a circuit breaker were already in, say

lit and the effect of the wipers A1, A2 and A3
would be exactly the same as in the case just
described of circuit breaker No.2. If a cir-
cuit breaker is out, take also, for instance, cir-
cuit breaker No.1; then the green lamp woulkd

-be lit owing to'the differential relay DRI be-

ing energized and in this ¢ase as no circuit
would be completed over wiper A3, relay R1
not being energized, while wipers A1 and A2
although connected up by R2 would have no

effect, relay DR1 simply remaining energized -

and the circuit of LR1 is open so that relay
LRI cannot energize and the green lamp re-
mains lit. . If on the other hand a circuit
breaker that was in has come out or been

- pulled out, then the circuit through left-hand

winding of reldy LR1 would be closed over

make before-break contacts of relay DRI to
energize this relay, while relay DR1 would he

70

“cireuit breaker No. 1, the red lamp would be -
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“wiper A1 for a sufficient period through the 95

energized through its right-hand winding .

over wiper A2 and would change the red lamp
for a green lamp: Relay LRI on energizing
opens the lamp circuit at contact 72 and con-
nects it at 82 to a flashing circuit which is in-
itiated due to the closure of contact 96. . Re-
lay LR1 completes a locking circuit for itself
over contact 90 and contact 162.of master key.
Relay LR1 at contact 96 completes a circuit
for relay ‘SA6 over contact 65.  Relay SA6
completes a circuit for relay SAT at contact
64; relay SAG and SAT intermittently ener-
gize so that the circuit completed by relay
SAG6is an intermittent one causing lamp GL1
to flash. . The attendant by pressing the mas:
ter key can open the locking circuit of relay
LR1 with the result that the greén.lamp
glows steadily and further the intermittent

action of relay SA6 and SAT.is caused to

cease due to the opening of contact 64.

It may happen that the rotary line switch
RLSA at the control station does not keep
pace with the rotary line switch RLSD at.

the substation. It isimportant insuch a case

that a warning should be given and conse-
quently when 1mpulses cease and relay SA1
de-energizes, a circuit will-be completed for
the left-hand winding of relay RP1, as fol-
lows ;—negative pole of battery B, wiper A5
in off normal position, contact 48, left-hand
winding. of relay RP1, interrupter contacts:
of magnet MA, magnet MA to positive pole
of battery B. Wiper A5 will of course be in
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10
- tively over contact 145 and conductor (23,
.-and also connects negative pole of battery B

‘15

20
" the apparatus has been correctly set. When

25

8

off normal position if it has not 'ste];‘) ed prop-

erly with the rotary line switch RLSB at the |
substation when a:train of impulses is com-"

pleted. RP1 energizes and locks energized
at contact 42. It opens contact- 40,-thereby

preventing any selecting operation from be-.

ing effective. In addition it-connects nega-
tive pole of battery B to the twenty-fourth
contact. engaged by wipers B1 and C2 of ro-
tary line switch RLSB and RLSC respec-

to the lower terminal of the winding of relay
Z-over contacts 58,-142, conductor Cl in a
similar manner to the operation of a selecting
key, thereby causing the transmission of ‘a
selecting signal corresponding to the mark-
ing of the twenty-fourth contact which serves
at the substation to select'a relay RR to cause
the transmission of 4 supervisory signal when

relay H1 operates after the selecting signal °

has been sent, a circuit for relay RP2 is.com-
pleted -as follows:—positive pcle -of battery
‘B, contact 170, relay RP2, contact 43, con-

‘ductor C3, contact 29, negative pole of battery

© B. Relay RP2 closes a circuit for relay N
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as follows:—positive pole of battery B, con-
tact 171, conductor C4, relay N to negitive
pole of battery B. 'Relay N therefore ener-
gizes which is equivalent to the operation of
an operating key, and so completes a circuit
for relay RR which energizes relay RSR1 at

‘contact 174, and so -causes the. transmission

of signals to be repeated. Relay N com-
pletes a circuit for relay RP3 as follows:—

negative. pole of battery B, relay RP3, con-_
- ductor C5, contact 81 to positive.pole of bat-

tery B.. Relay RP3 opens the circuit of re-
lay RP2 at contact 170; relay RP2 thereupon
de-energizes. - Magnet MA restores the ro-

tary line switch RLSA to normal prepara-’

tory to the transmission of the next series of
impulses. This is effected by having the left-
hand winding of relay RP1 of sufficiently low
vesistance to enable magnet MA to energize
in series with this winding. This would mean
of course an intermittent operation of relay
RP%but as it would imply some serious fault
if the:rotary line switch was more than one
step ofit, the chattering .would quickly call
attention to the fault. - _

If the switch RLSA is not in its. normal

_position after the second transmission of the

signal, the above cycle of operation will be

repeated, in fact the repetition of the trans- .
-mission of the signal will continue until the

switch RLSA steps with switch RLSB, or un-

_ til the attendant halts the operation,

Having now particularly described and.

ascertained the nature of my said invention
and in what manner the same is to be per-
formed, T declare that what I claim is:

1. In a remote control system, a stepping

53 switch, a plurality of switching devices ac-
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cessible thereto, an impulse transmitter; a

checking switch operated thereby, a manual -

key, means operated responsive to the opera-
tion of said key for marking a certain contact
in said checking switch and for starting said
transmitter to impulse said stepping switch

- and checking switch, means for stopping said.

switches when said marked contact is reached
to select a switching device and for liolding
said checking. switch thereon as long as said
key remains operated, means for checking the
position of said stepping switch, said means -
mcluding contacts on said checking switch
and contacts on said key, and means for oper-
ating said selected device. . R
2. In a remote control system, a plurality
of multi-position switching devices, a device
selector associated -therewith,

sender associated with-said devices, a super-
visory selector associated with said indicat-
ing means, means operated by one of said de-
vices changing its position for operating said
supervisory sender to transmit a code indi-

‘cating the positions occupied by all said de-

vices, means responsive to said code for op- -
erating said supervisory selector to set said
indicating means in accordance with the po-

-3
it

80

: indicating
"means corresponding thereto, a supervisory
g5

920

sitions of all said devices, a checking means -

operated to determine if said supervisory se-
lector has furctioned properly, a particular -

.device, means controlled by said checking

means if said supervisory selector has not

95'

functioned properly for setting said device

selector to select said particular dévice, means
for checking the operation of said device
selector and for operating said selected de--
vice, and means controlled by said selected -
device for reoperating said supervisory
sender to again transmit said code,

3. In a remote control system, a plurality

-~of multi-position switching devices, a select-

ing switch and a supervisory sender associat-
ed with said devices, supervisory signals cor--
responding to said devices, a supervisory
switch and a selecting sender associated with
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said signals; normal positions for said send-

ers and switches, a supervisory start relay, -

means responsive to a chamge in pesition of
one of said devices for energizing said relay,
means controlled by.said relay for starting
said supervisory sender out of 1ts normal po-
sition, means controlled by said sender for -
stepping said supervisory switch, means con-
trolled jointly by said sender and supervisory
switch 1n one cycle of operation for arrang-
ing said signals to indicate the positions oc-
cupied by all of said devices, and means op-
erated if said supervisory sender and switch
do not reach their normal position simul-
taneously for operating said selecting sender
and switch in a patticular manner to restart
said supervisory sender and switch. -

4. In a remote control system, a control
station, a substation, an impulsé transmitter
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in the control station for transmitting a con-

stant number of impulses, a. pair of switches
in the control-station, a receiver in the sub-
station comprising a plurality of switches,
devices in the substation accessible to the

- receiver, means for operating the transmitter

to generate a constant number of impulses

.and to divide the constant number in two
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~ tion and a substation, devices at the substa-
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parts dependent upon the device to be select-

ed, means for operating the first of -the’
" switches in the substation receiver responsive -
-to the first part of the constant number -of

impulses - generated by the transmitter tp

select one of said devices. means for operating .

the second of said switches in the substation

receiver and said switches in the control sta-
tion in synchronism therewith, means for

operating a third of said switches in the sub-
station receiver responsive to remaining part

~of the constant number of impulses generated -

by the transmitter-and for operating the sec-

~ond switch in the substation receiver and one:

of said switches in the control station in syn-

‘chronism therewith, a checking cireuit, and’

means for completing said checking circuit
only in case all of said switches have operated
synchronously as set - forth. T

5. In aremote control system, a control sta-

tion, an impulse sender in the control station

including' means for transmitting a fixed
number of impulses in each-operation and for

dividing the constant number into two.parts

dependent upon the device to be selected, a’

selecting switch in the substation, means for
operating said selecting switch in response
to the first part of said constant nuinber of
impulses to select a device, a checking switch
in the substation, means for operating said

checking switch in response to the remaining.
part of said constant number of impiulses,
other checking switches in the  control and:

substations, means for operating certain ot
said other checking switches in synchronism

~with said selecting switch and for operating

certain of them in synchronism with said first
checking switch, and means in the control

station operated if all the switches operate in.

synchronism to indicate the selected device.-
6. In a remote control system, a control

station anid a substation, devices at the sub-

station, an impulse sender in the control sta-
tion:including means for transmitting a fixed
number of impulses in each operation and
for: dividing the constant number into two
‘parts dependent upon the device to be select-

“ed, a selecting switch in the substation, means
. for operating said selecting switch in re-
‘sponse to the first part of said constant num-

60

ber of impulses to select u'device, a checking

- switch-in the substation; means for operating

65

‘sald checking switch-in response to the re-

maining part of said constant number of im-
pulses, other checking switches in the control
and substations, means for operating certain

9

of said other checking switches in synchro-

nism with said selecting switch and for oper-
ating certain of them in synchronism with

said first checking switch, means-in the eon-:

trol station operated if all the switclies oper-
ate in synchronismi to-indicate the selected
device, and imeans operated from the control
station to control the selected device only in
case. all the switches have operated synchro-
nously. ' ‘ e
7. In a remote-control system, a control
station ‘and a substation; devices at the sub-
station; a: sender in the control station in-
cluding means for transmitting a fixed num-
ber of impulses and for dividing the fixed

(i

5

80

number into two parts dependent upon the .

device to be selected; a control switch at the
control station, means for operating said con-
trol switch in response to the first part of
said fixed number of impulses to stop on a
predetermined  contact; a checking switch
at the substation, means for operating said

t checking switch in response to the remaining
‘part of said fixed number of impulses; a se-

lecting switch in the substation; a counting

“switch in the substation, a counting switch
in the control station, means for operating

both said counting switches and said select-
ing switch in the substation in synchronism
with said control switch to cause said select-
ing switch to select one of said devices and
for operating both said counting switches in

‘synchronism with said checking switch;

means in the control station operated if all
the switches operate in synchronism as set

forth to indicate the selected device, and

means at the control station for controlling
the operation of the selected device only in
case all the switches have operated synchro-
nously. . ' '
8. In a remote control system, a control
station and a substation, trunk conductors be-
tween said stations, a plurality of switching
devices at the substation, means including

.an impulse transmitter for transmitting im-.

pulses over a pair of said trunk conductors
and for generating other impulses, a- select-
ing switch at said substation, means respon-
sive to the impulses transmitted over said
pair of conductors for operating said select-
ing ‘switch, a control switch in said control
station, means for operating said control
switch in synchronism with said selecting

‘switch, a counting switch in said control sta-

tion, contacts in said counting switch corre-
sponding to said switching devices, means
for operating said counting switch respon-
sive to said other impulses generated by said
transmitter to successively engage said con-
tacts, means for marking a particular one of
said contacts in accordance with the particu-
lar switching device to be selected, means for
transmitting a particular signal over a third
one of said trunk condyctors in response to
said counting switch engaging said marked
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contact, means responsive thereto for stop-
ping said selecting switch to select the switch-
ing device corresponding to the marked con-
tact and for stopping said control switch in
a corresponding position, means for checking
the accuracy of said selection, and means for
operating said selected switching device only
if said. checking arrangement indicates that
said selecting swit¢h and said control switch
have been set in corresponding positions in
accordance with said signal. -

9. In a remote control system, a control
station and a substation, a trunk between
said stations, a stepping switch at the sub-

*station, a plurality of switching devices ac-

cessible thereto, an impulse transmitter at
said control station, means for operating said
transmitter to send a group of impulses oyer
a pair of conductors of said trunk, means
responsive to said impulses for operating
said stepping switch, a control switch in said
control station, means for operating said con-
trol switch in synchronism with said step-

1ing switch, a counting switch in said control
. ¢ bl 3 i} . .
corresponding to - .said:

station, contacts
switching devices accessible to said counting
switch, means for marking a. particular one
of said contacts in accordance: with the de-
vice to be selected, means controlled by said
transmitter for operating said counting
switch, means responsive to the counting
switch engaging said marked contact for
sending an impulse over one conductor of
said pair of conductors and a third conduc-
tor of said trunk in series, means responsive
thereto for stopping said stepping switch to
select the corresponding device and for stop-
ping said control switch in a corresponding
position, and means for controlling the op-
eration of said selected device over a circuit
including said third conductor and a wiper
of said control switch.
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tor of said trunk in series, means responsive
thereto for stopping said stepping switch to
select the corresponding device and for stop-

ping said control switch in a corresponding

position, means for checking the accuracy
of said selection, and means for operating
said selected device over a circuit including
said third conductor and a wiper of said
control switch only if said stepping switch
and said eontrol switch are- accurately set
in corresponding positions. '

11. In a remote control system, a control .

station and a substation, a trunk between said
stations, a stepping switch at the substation,
a plurality of switching devices accessible

thereto, an impulse transmitter at said con-

trol station, means for operating said.trans-
mitter to send a group of impulses over a
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pair of conductors of said trunk, means re-

sponsive to said impulses for operating said
stepping switch, a control switch in said con-
trol station,.means for operating said con-
trol switch in synchronism with said step-
ping switch, a counting switch in said con-
trol station, means controlled by said trans-

-mitter for operating said counting switch

to send an impulse over one conductor of said
pair of conductors and a third conductor of
said trunk in series at a predetermined time,

“means responsive thereto for stopping said

stepping switch to select a device and for
stopping said control switch in a correspond-

‘Ing position, means operated over said first

pair of conductors for automatically check-
ing the accuracy of said selection, and means

for controlling the operation of said selected:

device over a circuit including said third

conductor and a wiper of said control switch.

In witness whereof, I hereunto subscribe
my name this 9th day of May, A. D. 1927.
CHARLES REMINGTON.

10. In a remote control system, a control .

station and a substation, a trunk between'

said stations, a stepping switch at the sub-
station, a plurality of switching devices ac-

cessible thereto, an impulse transmitter at -
_said control station, means for operating said

transmitter to send a group of impulses over
a pair of conductors of said trunk, means
responsive to said impulses for operating
said stepping switch, a control switch in said

control station, means for operating said con- -

trol switch in synchronism with said step-
ping switch, a counting switch in said con-

. trol station, contacts corresponding to said
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switching devices accessible to said counting

switch, means for marking a particular one
of said contacts in accordance with the de-
vice to be selected, means controlled by said
transmitter for operating said counting
switch, means responsive to the counting
switch engaging said marked contact for
sending- an impulse over one conductor of
said pair of conductors and a third conduc-
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