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Our - invention ‘relates,
systems and hag reference in particular to super.
visory controel systems.

Generally stated, it is an object df our inven-.

tion. to provide g supervisory . control -system
which' is simple and inexpensive to manufacture
and is reliable in operation.

More specifically; it is an object of our inven-
tion to provide two-way: supervision of g tele~
phone line which is used as a signalling channel
in g supervisory control system.

It.is also an object of our invention to provide
for using two different. audio frequencies for
sending coded impulse signals from opposite ends
of a signalling channe] for controlling the oper-
ation of apparatus at o remote station, and for
using the same frequencies for supervising ‘the
channel to indieate at both ends thereof when
there is a short circuit, an open circuit or ab-
normal attenuation of the signal.

Another object of our invention is to provide
for operating the line relays in g supervisory con-
trol system on signal voltages of different fre-
Quencies, and for synchronizing the line relays at
both ends of the system by deenergizing the am-
plifiers operating the line relays each time their
associated impulse sending relays operate.

Yet another object of our invention is: to pro-
vide for normally energizing the line relays at
both. ends of g supervisory - control channel
through' receivers which. are responsive only to
different dudio-frequency tones and for effecting
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synchronization of the equipment at both sta-

tions during signalling by turning off the oscil-

lator at the end which is sending angd deenergiz-: :

ing the receiver at that end at the same time.
Still another object of our invention is to pro-
vide for operating the line relays at the ends of

& signalling channel on signal voltages of differ-
- 40
fault condition on -
the channel when the signal voltage from. one end:

ent frequencies which are
thereto, and for indicating a

- normally applied

becomes too greatly attenuated at the other end
or is not received at, a1l for a time interval greater

than is normally encountered. in. impulse signal--.

ling,

in part be explained hereinafter,

For a more complete understanding of the rig~ -
ture and scope of our invention, reference may be'!
made-to the following detailed description;, which :
with the accompany-
single figure is a dig- -
srammatic view of & supervisory control system :
¥y

may be read in-connection
ing drawing in which the

embodying the invention in one of its forms,

Other objects will in part be obvious, and will -

'sending relays

Referring to the drawing, the reference nu-
meral 18 may dencte generally a telephone line
connecting telephone equipment at s control sta-
tion. with telephone equipment at_a remete sta-
tion adjacent the apparatus which is to be con-
trolled. The telephone equipment may be of any
suitable: type comprising,;  for example, miere-
phones I and 12 and telephone receivers 13 gnd
t4 at the control and remote stations; -respec-
tively, whieli may be connected to the telephone
line through asseciated hybrid coils 15 and (6
having artifieial lines (1 and I8; and transformers
19 and 20, réspectively. 'The reeeivers §3 and (4
may be connected to their respectitve hybrid coils
through suitable: amplifiers 22 ang 23. i

The supervisory eontrel equpment at the con-
trol and remote stations may.-be of any suitable
type, being, for example, substantially similar to
that described in. detail in Patent. No. 2,091,301
which issued: on, August 31,1937 to Hans P. Bos-
wau. Accordingly, the bulk’ of the supervisory
control equipment. at the: control station may be
represented by the enclosure 25 while that at
the remote station may be represented by tho en.
closure 26, R L RETRTE

In order to provide fer maintaining two-way
supervision. of the signal channel, which. com~

prises in the present instance a telephone line

. which may be interrupted by means of repeaters,

transformers, ete., the system of the Boswau, pag-
ent has been suitably modified. = Instead of hav-
ing the line relays 208 and 460 of the system of
the Boswau patent connected in series circuit
relation with conta¢t members of the impulse
201 and 492 and a source of direct
current, we prefer to. uise separate osciliators 28
and 29 af the control and remote stations for op-
erating the lirie relays 460 ang 200 at the remote
and control stations selectively. For example,
the oscillator 28 may be connected to the tels.
phone Hne 16 throiigh the hybrid coil {5 f6r nor-
mally applying thereto a potential havifg a fre-
quency in the.lower poition. of the audic range,
for example, 245 cycles per second. The oscil-
lator 28 may be normally eriergized and connect-
ed-to the line 10 through the hybrid coil 15, and
disposed fo be Keyed for sending impuise signals
by the -impulse seriding relay 281 through eon-
tact members. 281a, which. turn the oscillator off
in response to operation. of the impulse. sending
relay. The.line relay 460 af the remote station
may be made selectively responsive- only to the
frequency of the oscillator 28. by connecting it to
the telephone line through & filter ‘30 respongsive -
only to the same frequency of.245- cyeles per secx
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ond. A suitable amplifier 3{, and rectifying
means 32 may be provided so as to produce di-
rect-current impulses in response to operation
of the oscillator 28. :

The line relay 200 at the conirol station may
likewise be made selectively responsive to the os-
cillator 28 of the remote station Py connecting it
to the telephone line through a filter 34 which is
responsive only to the frequency of the oscillator
28, an amplifier 35, and rectifier means 36 for pro-
viding direct-current impulses in response to op-
eration of the oscillator 29. The. oscillator 29
may be normally energized for applying to the
line a voltage of & different frequency in the lower
portion of the audio range, for example, 170
cycles per second. Operation of the oscillator 29
to send coded impulses in response to operation of
the impulse sending relay 401 may be: effected by
providing for deenergization of the oscillator
through contact members 40ia of the impulse
sending relay. .

In order to provide for operating the super-
visory “control - equipment at  relatively high
speeds, synchronization of the relays at the con-
trol and remote stations is essential. - Since the
line relays at the remote and control stations op-
erate on different frequencies, we have found. it

desirable to provide for deenergizing the line re-

lay at each station in response to operation of its
associated impulse sending relay. This may be
accomplished by deenergizing the associated am-
plifier each time the impulse sending relay oper-
ates.” Confact ‘members. 20{d and 40i{b. may,
therefore, be provided for momentarily shunting
the amplifiers at the control and remote stations
to deenergize the associated line relays each time
the impulse sending relays operate. Thus the
line relays at each station are subjected in a like
manner to the time response characteristics -of
their amplifiers, rectifiers, etc., and readily re-
main in step. ,
. In order to prevent interference between the
telephone equipment and the supervisory control
and line supervision equipment, high-pass filters
38 and 46 may be connected between the micro=
phones it and 12 and the oscillators 28 and 29,
respectively. The filters 38 and 40 may be used
to eliminate from the telephone circuit gudio fre-
quencies in the lower portion of the audio range
which are not necessary for intelligible speech.
For example, they may block all frequencies below
about 300 cycles per second, and thus prevent op-
eration of the supervisory equipment in response
to voice tones.  Suitable speech filters 41 ang 42
for blocking frequencies of the same range may
be connected between the telephone receivers i3
and 14 and their respective hybrid coils to pre-
.. yvent interference with telephone reception, of the
signal and supetvisory frequencies. )
Since the line relays 200 and 400 are normally
energized and are released only for relatively
short intervals during impulse signalling, provi-
sion may be made for indicating a fault condition
of the telephone line whenever the line relays
remain deenergized for a time interval greater
than that reduired for signalling. Accordingly,
means, such as the time delay relay 44, may be
utilized at the control station for completing an
energizing circuit for indicating means such as
the alarm bell 45 whenever the line relay 200 re-
‘mains in the deenergized position for more than
a predetermined time.
At the remote station, operation of the appara-
tus to be controlled may be effected by the super-
visory control equipment through the controlled

relays 319 and 320 of the Boswau patent which
may be arranged for respectively energizing and
shunting down & control relay 47 for operating &
transmitter or the like in a manner similar to
5 that described therein for closing and opening &
cireuit breaker. In order to provide adequate
protection for the controlled. apparatus, which
may be a-transmitter-or {he like, the control relay
47 may be provided with & nolding cireuit through
10 contact members 47a to indirect positive. Ac-
cordingly, whenever the line relay 400 remains
deenergized long enough for the releage relay 402
of the Boswau. patent (not shown) to drop and
remove  direct. positive from the supervisory
15 equipment, the control relay 41 is deenergized
and opens contact members §1b thereby deener-
gizing the transmitter, ete.
In operation, the oscillators 28 and 29 may be
normally energized so that the line relays 408 and
20 200 are normally in the energized position. Ac-
cordingly, the relay 44 is normally maintained
in the energized position, and the relay 47 is
niaintained in the energized position so long as
the transmitter at the remote station is being
o5 oOperated. Telephone conversation may be had -
over the telephone line §0 independently of the
signal and supervision frequencies since these are
blocked from the telephone equipment. Opera-
tion of the supervisory control equipment may be
g effected in a manner substantially similar to that
described in the Boswau patent hereinbefore re-
ferred to, since each time the impulse sending re-
lay 2061 at the control station or 401 at the re-
mote station is operated-in sending an impulse
16 signal, iis associated line relay 200-or 400 is de-
energized by shunting. of the amplifier. 35 or 3t,
respectively, each time the oscillator 28 and 29
is momentarily deenergized to send- an impulse
signal. Accordingly, impulse signals may be sent
40 in the usual manner for effecting point selection,
point check, operation and supervision of the ap-
paratus at the remote station.  When the opera-
tion code is sent.to set the transmitter at the re-
mote station.into operation, the operation relay
45 320 operates and connects the control relay a7
to the source through contact members 320a. - A
holding - circuit is. established through armature
41a. When the operation code ig sent.to shut the
transmitter ‘down the relay 319 operates and
50 shunts the control relay at contact members 313da.
Each time the line relays 200 and 400 are de-
energized during impuise signalling, the time-
delay relay 44 is also deenergized. Due to its
time-~delay characteristics, however, this relay re-
pp Tains in the energized position during any of
the periods of deenergization normaily encoun-
tered during signalling. However, should-a short
circuit, open eireuit, or other fault condition oc-
cur. on the telephone line, particularly during an
80 jnterval when the transmitter is operating, the
voltages received by the amplifiers 30 and 3% will
be sufficiently attenuated to. cause deenergiza-
tion of the line relays so long as the fault condi-
~ tion exists. When such a fault condition exists
¢5 for a period of time greater than the period of
deenergization encountered during signalling, the
line relays drop, and the timie-delay relay 44 and
the control relay #7T.return to the deenergized
position. - Accordingly, an indication of the fault
70 condition is given at the. control station by the
sounding of an alarm bell 45. - At the remote sta-
tion, the relay 47T “effects an indication of “the
fault condition by opening contact members 47D,
thus deenergizing the apparatus: being controlled.
) YWhenever the transmitter is shut down the alarm
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45 is still operable to indicate a fault condition
since the oscillator-29 is normally energized.

From the- above description and the accom-
panying drawing, it will be apparent that we have
provided in ‘a simple and effective manner: for
providing two-way supervision of a signal chan-
nel or a supervisory ‘control system, over-a tele-
phone line!' Operation of the supervisory control
eduipment may’ be effected withous interference
with operation ¢f the telephone equipment since
thesecircuits are effectively isolated: Positive in-
dication is provided for indicating at both ends of
the line a-fault condition on the line, regardless
of the location of the fault: - Since the same oscil-
lators and receivers:are used for both the super-
visory control equipment and for line supervision,
a mitlimum of apparatus is required' and main-
tenance thereof is'greatly simplified. :

Since certain changesmay be made in the ‘above
described construction, and - différent embodi-
ments of the invention may be made without de-
parting frem the spirit or scope thereof, it is in-
tended that all the matter contained in the above
description " and shown  in- the accompanying
drawing shall be considered as illustrative but
not in a limiting sense. ‘

We claim. as our invention: ‘

1. In a signal system for two stations ' con-
nected by a signalling channel, means at one sta-
tion for supplying to the channel electrical energy
of one frequency, means at the other station for
supplying to the channel electrical energy of a
different frequency, supervisory - control  equip-
ment at each of the stations including sending
means for interrupting the supply of - electrical
energy to the channel at each station for produc-
ing coded impulse signals and receiving means
including control means responsive only to the
frequency of the other station, and means at each
station responsive to deenergization of the control
means for greater than a normal impulsing inter-
val for indicating a channel fault condition.

Z. The combination - with a telephone system
wherein a telephone line connects ‘g pair of sta-
tions  provided with - telephone equipment, of
means for removing from the telephone equip~
ment voice frequencies helow a predetermined
frequency, means at one station for normally ap-
plying to the line electrical energy at a frequency
below said predetermined frequency, means -at
the other station for applying to the line electrical
energy at-a different frequency below said pre-
determined frequency, meang including a receiver
at each station responsive only to. the frequency
of the other station and rectifier means for pro-
ducing direct-current control voltages, supervis-
ory control means at each station including nor-
mally energized receiving means responsive to the
direct-current voltages and sending means coop-
erative with the receiving means to interrupt the
energization of the line and deenergize the re-
ceiving means to produce. coded impulse signals,
and means at each of the stations responsive to
deenergization of the receiving means for a period
greater than that of the coded impulse: signals
for indicating a fault condition,

3. The combination with a telephone system
having a telephone line connecting - telephone
equipment at remotely located stations, of filter
means for blocking audic frequencies below 300
cycles from the telephone equipment, super-
visory control means at each station for control-
ling from one station apparatus at the other sta-
tion including impulse sending means and im-
pulse receiving means, means at the one sta~

3
tion for normally applying a potential of ohe fre-
quency ‘below 300 cycles to the telephone line
and operable under the -control -of the impulse
sending means at said ‘one station to remove said

& Dotential from the line, means at -the other sta-

tion for normally applying a différent frequency

below 300 cycles to the line and operable under
the ‘control of the impulse sending means at said
otheér ‘station to remove said potential from the
line, receiving means at said ‘one station respon-
sive ‘only to said - different frequency - for oper-
ating ‘the impulse receiving means at’said one
station, receiving meahs ‘at said other station
responsive only-to said one frequency for oper-
ating-the impulse receiving means at said ‘other
station, indicating  means at ‘said .ore  station
responsive to deenergization of the impulse re-
ceiving means at said one station for greater than

a normal impulsing- period for indicating ‘a fault

condition of the line, and control means.at the

other station for insuring deenergization of the
apparatus at said other station upon the occur-
rence of a ‘fault condition .on the line,

4. The combination in g supervisory -control
system for a radio transmitter located at a re-
mote station having telephone equipment con-
nected by a telephone line to telephone equip-
ment at a control station, of high-pass filter
means connected between the telephone equip-
ment and the line at both stations for blocking
frequencies below a predetermined voice frequency
in the lower range of the ‘audio range, means at
the control station for normally applying to the
line a potential of a frequency below said Prede~
termined frequency, means at the remote station
for normally applying to the line a potential of
another frequency below said predetermined fre-
quency, supervisory control means at each sta-
tion including an impulse sending relay operable
to remove the line potential from said station
and impulse receiving means normally operable
in response only fo the potential from the other
station for maintaining an operating potential
on the supervisory control means, and means con-
45 trolled by the impulse receiving means for indi-

cating a line fault condition if either line poten-

tial is removed for a greater period than nor-
mally used in signalling;
5. For use in controlling apparatus at a re-

50 mote station having telephone equipment con-
nected by a hybrid coil to a telephone line ex-
tending to a control station wherein it is con-
nected by a hybrid coil to telephone equipment,
a signalling system comprising, high-pass filter

65 means connected between' the hybrid coil and
the telephone equipment to block audio frequen-
cies in the lower range of voice frequencies, super-
visory control equipment at each of the stations
including an impulse sending relay and an im-

60 pulse operated relay for controlling apparatus at
the remote station, an audio oscillator at the
control station normally applying to the line a
potential in one range of frequencies in the lower
range of voice frequencies .and controllable by

65 the impulse sending relay to send coded im-
pulse signals, means at the remote station in-~
cluding a receiver responsive only to said one
range of frequencies for operating the remote
station impulse operated relay, means at the re-

70 mote station operative after the impulse operated
relay remains in the deenergized position for a -
greater time than required for impulse signal-
ling to effect deenergization of the apparatus at
the remote station. ‘

75  6..In a supervisory system for apparatus at a
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remote station, means gt the remote sfation and
a control station for applying potentials of dif-
ferent frequencies to a signalling channel: con~
necting the stations, receiver means at the re-
mote station normally operable to receive only
the frequency of the control station, supervisory
control receiving means -at the -remote -station
operated from the receiver, supervisory control
sending means at each of the stations, each of
said sending means controlling the operation of
the means at its station to -produce coded im-
pulses for operating the receiving means ab the
other station and controlling the operation of its
associated receiving means to operate said re-
celving. means in step with the receiving means
at the other station, and control means at each
of the stations responsive to deenergization of
the receiving means for longer than a coded im-
pulse for indicating a fault condition of the sig-
nalling -channel. . ) :

7. In-a supervisory control system for control-
ling apparatus at a remote station:from a con-
trol station over a telephone line connecting tele-
phone equipment at the stations, high-pass fil-
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ters connected between the telephone equipment
and the line for blocking frequencies below 300
cycles, an oseillator at the control station for nor-
mally applying to the line a potential of a fre-
quency below 300 cycles, an oscillator at the re-
mote station for normally applying to the line
a potential of a different frequency helow- 300
cycles, receiving means at each station respon-
sive only to the frequency of the other station
for producing a ‘unidirectional potential, super-
visory control means at each station including
an impulse receiving relay operable under the
control of its associated receiver and an impulse
sending relay operable to key the associated oscil-
1ator to send coded impulse signals and to ren-
der the associated amplifier ineffective simul-
taneously, and means at the remote station re-
sponsive to deenergization of the impulse receiv-
ing relay for greater than a normal impulse sig-
nal period for effecting deenergization of the
apparatus being controlled.

MARTIN G. SATEREN.
WILLARD A. DERR.



