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BINARY CODE RELAY
Apdrew Craig Reynolds, Jr., Waterbury, Conn., assignor
to General Thme Corporation, New York, N.Y,, a cor-
poration of Delaware
Filed Aug. 22, 1953, Ser. No. 755,566
9 Claims. (CL 340—164)

This invention relates to remotely controlled relays
and more particularly to a switch actuating relay re-
sponsive to a binary code signal.

Relays of this general type are primarily intended for
use in a system which includes a master signal trans-
mitter and a plurality of relays connected to a common
power supply line. BEach of the relays is adjusted to
respond to a particular coded signal pattern and thus
the transmitter can selectively actuate any desired re-
lay by sending the proper code on the power line. Sys-
tems of this nature have found particular utility when
installed on a regular 60 cycle, A.-C, power line with the
relays being responsive to high frequency signals super-
imposed on the line by the transmitter. In this way,
appliances receiving power from the line can be re-
motely controlled from a central station. Reference is
made to my Patent No. 2,852,704 and Patent No. 2,852,-
703, both issued September 16, 1958, and assigned to
the same assignee of the present application, which illus-
trate such a system.

One of the difficulties in setting up a system of the
type referred to above is the problem of providing a
simple and completely reliable coded signal relay that is
immune to spurious transient signals which are found to
occur at random in an A.-C. power system. Such tran-
sient signals have abrupt wave fronts comprising many
frequency components and are commonly generated by
various forms of heavy duty electrical equipment which
may be installed in the system. Often a spurious signal
includes & component having the frequency at which
the relays are set to respond and thus a false code is
transmitted on the power line which has proved trouble-
some in remote control systems of this type.

It has been proposed to deal with this problem of
transient signals by constructing relays which respond
only to signal impulses that are sustained for g prede-
termined time interval. In a practical case, the interval
may be approximately two seconds, that is, each signal
impulse of the code signal must be of a predetermined
duration, for example two seconds, in order to actuate
the relay. In this way, transient signals, which are of
only quite short duration, cannot cause false relay
actuation.

This solution however, has presented a further prob-
lem. When using a signal made up of signal impulses
having an appreciable time length, the number of dif-
ferent signals in the code has heretofore been rather
small since, for practical considerations, the time inter-
val within which a complete signal is to be sent must be
reasonably limited. Again referring to a practical case,
it is desirable to complete a signal within a one minute
interval. This factor has limited the number of relays
on a single circuit which can be selectively actuated by
a coded signal.

Accordingly, it is the primary aim of the present in-
vention to provide a novel coded signal responsive re-
lay, immune to spurious, transient signals, which will re-
spond to a single selected code signal of a very large
group of possible signals. In this way, a large number
of relays embodying the invention can be selectively op-
erated on the same circuit,

It is also an object of the invention to provide a relay
of the above type which is simple in design and <com-
pletely reliable in operation.
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With more particularity, it is an object to provide a
relay of the type characterized above which is con-
structed of conventional cam-controlled switches oper-
ated by an ordinary timing motor so as to be economical
to manufacture. Ii is a related object to provide such
a relay having few parts, and those operating under very
light mechanical forces, so that the relay remains re-
liable and accurate over a long and trouble-free service
life.

In one of its more detailed aspects it is an object of
the invention to provide a novel relay of the type dis-
cussed above which can supply a controlling current im-
pulse to either of two devices in response to a further
code signal transmitted remotely from the central con-
trol station.

Other objects and advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings in which:

FIGURE 1 is a schematic wiring diagram of a coded
signal relay constructed in accordance with the present
invention;

FIG. 2 is a fragmentary schematic diagram showing a
typical system in which the relay appearing in FIG, 1
may be utilized;

FIG. 3 is a chart detailing the sequence of contact set
operation in the relay shown in FIG, 1; and

FIG. 4 is a fragmentary perspective view of a time de-
lay device utilized in the FIG. 1 relay.

While the invention will be described in connection
with a preferred embodiment, it will be understood that
I do not intend to limit the invention to that embodi-
ment. On the contrary, I intend to cover ail alterations,
modifications and equivalents as may be included within
the spirit and scope of the invention as defined by the
appended claims.

Turping now to FIG. 1, there is shown a relay 10 em-
bodying the present invention and provided with termi-
nals 11 adapting the relay for conmection to an A.-C.
power system. The A.-C. system may include a plural-
ity of similar relays 16a in addition to a high frequency
transmitter of any conventional type which is effective
to superimpose a high frequency signal on the normal
60 cycle A.-C. power system (see FIG. 2). Tn the illus-
trated embodiment, the relay 16 is provided with out-
put terminals 12 and 13 which are connected to devices
14 and 15, respectively, that are controlled by the re-
lay 10 in accordance with the reception of signals on the
power system. It will be understood that the relays
18a may control additional devices and that, if desired,
the relays 10 and 10a may be employed to control but
a single device 14 or 15.

In order that the relay 16 may detect high frequency
signals transmitted on the A.-C, power system, the relay
includes a high frequency signal receiver 2% coupled across
the terminals 11. The receiver 2¢ may be of any conven-
ient type such as are well known in systems of this nature,

In accordance with the present invention, the relay 10
includes both means responsive to signal impulses in a
serial binary code pattern and means for cycling through
a serial binary code pattern, the arrangement of these
means being such that if the received impulses coincide
with the predetermined pattern, the output terminals 12
and 13 are energized to operate one of the devices 14, 15.
Preferably, the binary, or two-condition, code is simply
a “yes-no” or “on-off” code in which there either is or is
not an electrical impulse during each interval of a set
number of successive timed intervals. In the present case,
a binary code is selected in which there are five two-second
periods spaced two seconds apart during which there may
or may not be an electrical impulse, and these spaced two-
second periods comprise the binary code portion of a com-
plete relay actuating signal which tas a total time duration
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of 60 seconds. The nature of the complete signal includ-
ing its binary code portion will become evident as this
discussion proceeds.

In the illustrated embodiment, the means responsive to
the coded signal impulses on the A.-C. power system in-
clude sets of contacts 31, 32 controlled by a relay 35 which
is coupled to the receiver 20. The contacts 31 are nor-
mally open and the contacts 32 normally closed. When
a high frequency signal impulse is impressed on the A.-C.
power system, the receiver 2§ is effective to energize the
relay 35 so as to close the contacts 31 and open the con-
tacts 32. These contacts thus close and open respectively
in accordance with the serial signal pattern transmitted
on the power system.

In the preferred device, the means in the relay 1¢ for
cycling through a predetermined serial binary code pat-
tern comprises sets of contacts 41, 42 which are confrolled
by cams 43, 44, respectively. The cams 43, 44 are secured
to a cam shaft 45 that is driven by a timing motor 46.
Both of the coniact sets 41, 42 are normally closed but
they are opened by lobes on the cams 43, 44 as the cams
are rotated by the timing motor 46. It will therefore be
appreciated that by providing a series of annularly spaced
lobes on the cams 43, 44, the contacts 41, 42 can be made
to open and close in a predetermined pattern.

In order to energize the output terminals 12, 13 only
if there is coincidence between the relay’s predetermined
code pattern and the received signal impulse code, the
contacts 31, 32 and 41, 42 are coupled to a two-condition
relay 5@ so that the condition of the relay 5¢& changes
unless there is the desired coincidence. In the illustrated
embodiment, the relay 50 is energized, or picked up, be-
fore the binary code is transmitted on the A.-C. power
system, and the contacts 41, 42 shunt the contacts 31, 32
so that when the contacts 31 close and the contacts 32
open, the contacts 41 will open and the contacts 42 will

close to maintain a circuit through the relay 50 and hold

it in.

For initiating the operation of the timing motor 46 and
for conditioning the relay 5¢ prior to transmission of the
binary signal, the relay includes a set of normally closed
initiating contacts 51 controlled by a cam 52 carried on
the shaft 45. Also, a complete relay actuating signal
transmitted on the power system includes an initiating
signal impulse. When the first high frequency signal im-
pulse, the initiating signal, is received by the relay 19, the
receiver 20 is effective to energize the relay 35. This closes
the contacts 31 and completes a circuit through the con-
tacts 31, the relay 50, the closed contacts 51, and the
closed contacts 42, that is effective to energize the relay 59.
When relay 5¢ picks up, it closes two sets of contacts 53,
54 Closing of the contacts 54 completes a circuit ener-
gizing the timing motor 46. As the timing motor begins
1o rotate the cam shaft 45, a motor seal-in cam 55 secured
to the shaft 45 is rotated so as to close the normally open
contacts 56 which by-pass the contacts 54 and seal-in the
motor 46.

As the cam shaft 45 begins cycling, the lobe 43a on
cam 43 releases and allows the contacts 41 to close so
that a circuit is completed through the contacts 41, the
relay 50, the then closed contacts 53 and the contact
sets 32, 42. Further rotation of the cam shaft causes the
cam 52 to open the contacts 51 so as to shift control of
the relay 56 to the contact pairs 31, 32 and 41, 42 and,
because of the circuit just described through contacts 41,
53 32 and 42, the relay 50 remains energized.

Following the initiating impulse, the binary code portion
of the complete relay actuating signal is transmitted as a
set of five cam lobes on the cams 43, 44 operate the con-
tacts 41, 42 in a predetermined code pattern. In the
preferred embodiment, both sets of contacts 41, 42 are
closed at the start of the serial binary signal. Then, in
the five successive two-second timed periods, the contacts
are alternately opened for brief periods in a predetermined
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order determined by the cams 43, 44. In the illustrated
example, the lobe 43b opens the contacts 41 during the
first of the five periods, then lobe 44a opens the contacts
42, during the second period, lobes 43¢ and 43d open the
contacts 41 during the third and fourth periods, and finally
lobe 44b opens the contacts 42 during the final fifih
period.

If, during the opening and closing of the contacts 41,
42 by the cams 43, 44, a pattern of signal impulses is
received on the A.-C. power system so that each time the
contacts 41 are open, the contacts 31 are closed, and each
time the contacts 42 are opened, the contacts 32 are closed,
then the relay 5¢ will remain energized. It can therefore
be seen that the relay 50 will remain energized only if
there is coincidence between the predetermined order in
which the contacts 41, 42 are operated and the pattern of
a set of five high frequency impulses transmiited on the
A.-C. power system.

Since the illustrated relay 10 responds to a binary code
of five “digits,” there is provided a total of thirty-two
possible binary code combinations which can be selected
by the proper formation of the cams 43, 44. To further
multiply the number of possible codes, and thus the num-
ber of such relays which can be selectively operated on one
A.-C. power system, the complete relay actuating signal
includes a timed signal portion as well as the binary signal
portion.

The timed signal portion is also divided into five suc-
cessive two-second intervals spaced two seconds apart.
During one of these five timed code periods, a lobe 43¢
on the cam 43 again opens the contacts 41 and, unless a
high frequency signal impulse is being simultaneously
received by the relay 16, the relay 50 will be dropped
out. The five timed code possibilities are effective to
multiply the thirty-two binary code combinations by five,
so that the total number of possible code combinations
for which the relay 16 may be set equals 160.  That is,
by properly forming the cams 43, 44, 160 different relays
can be selectively operated on a single A.-C. power
system.

To energize the output terminals 12, 13 when the
proper coded signal has been received and the relay
50 remains energized, an output signal cam 69 is provided
controlling a set of normally open contacts 61. At the

-end of one complete revolution-of the cam shaft 48§, the

cam 60 is effective to close the contacts 61 so as to com-
plete a circuit from the relay 56 to the output terminals
12, 13. If current is flowing through the relay 58, that
is, if the relay 50 is still picked up, closing of the con-
tIaZCti 361 will transmit a signal impulse to the terminals

So that the single relay 10 may control either one of
the two devices 14, 15, the output terminals 12, 13 are
selectively energized by the contact 61 through a switch
65 controlled by the relay 35. Normally, the switch 65
completes a circuit from the contact 61 to the output ter-

‘minal 12, but when the relay 35 is picked up, the switch

65 completes a circuit from the contact 61 to the terminal
13. In this way, if a final signal impulse is transmitted
on the A.-C. power system at the time during which the
contacts 61-are closed by the cam 68, then an operating
signal is transmitted through the switch 65 to the terminal
13 and the device 15. If, however, no final signal im-
pulse is transmitted then the operating signal caused by
closing of the contacts 61 is directed by the switch 62 to
the terminal 12 and the device 14. Thus, a single addi-
tional signal impulse permits the relay 10 to selectively
control either one of the two devices 14, 15.

For the purpose of preventing operation of the relay
10 by spurious, transient signals, a time delay device 70
is-provided for coupling the timing motor 46 to the cam
sl}aft 45, - In the present embodiment, the time delay de-
vice 70 comprises .a spring biased, lost motion driving
connection between the output shaft 71 and the cam
shaft 45.  The arrangement is such that when the motor
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starts rotating, it must overcome the spring force and
pick up the lost motion before the cam shaft 45 begins
rotation. To provide the lost motion connection, the
output shaft 71 of the motor carries a disc 72 which is
mounted concentrically with, but independently of, the
cam shaft 45. The disc 72 rotates the cam shaft 45 by
means of a pin 73 extending axially of the cam shaft
through a hole 74 of somewhat greater diameter formed
in the cam 55. It can be seen that when the pin is dis-
posed at one edge of the hole 74, the motor 46 must ro-
tate the disc 72 through a distance approximately equal to
the diameter of the hole untjl the pin 73 engages the oppo-
site side of the hole and imparts a rotational force to the
cam 55.

To insure that the disc 72 and the motor 46 are
properly “backed off” so that the pin 73 is adjacent the
proper edge of the hole 74, a torsion spring 75 is fixed
to the cam shaft 45 and is tensioned to exert a resilient
force against the pin 73 in a direction opposite to that
imparted by the motor 46. It can thus be seen that
momentary energization of the motor 48, caused by the
brief closing of the contacts 31 and momentary ener-
gization of the relay 50 as g result of spurious transient
signals being picked up by the high frequency signal re-
ceiver 26, will only cause the disc 7Z to begin revolving
80 as to carry the pin 73 across the hole 74, Upon the
almost immediate de-energization of the motor 46 fol-
lowing the transient signal, the torsion spring 75 will
retorn the pin 73, disc 72 and the motor armature, back
to their original starting positions. It will be apparent
then that the operation of the relay 18 can be imitiated
only by energizing the motor 44 for a sustained predeter-
mined period, which will be the case when a true signal
impulse of several seconds duration is transmitted on
the A.-C. power system. In a practical system, initiating
impulses of from three to four seconds duration have
been found to be effective.

To hold the cam shaft 45
starting positions against the reactive force exerted by
the torsion spring 75, the inherent detenting effect pro-
vided by the switch actuator for the contacts 56 is utilized.
As can be seen in FIG. 4, the contacts 56 are provided
with a resilient switch actuator 86 having a detent por-
tion 81 which drops into a notch-like drop-off portion
82 formed in the cam 55. It will be understood that the
engagement of the switch actuator 8¢ within the drop-off
portion 82 will hold the cam 55 and the cam shaft 45
in their respective starting positions with a detent-like
action. When the motor 46 remains energized for a time
sufficient to bring the pin 73 into engagement with the
opposite side of the hole 74, the cam 55 will be rotated
80 as to bring the detent portion 81 of the switch actuator
out of the cam drop-off portion 82 so that the contacts 56
are closed and the operating cycle of the motor 46 ini-
tiated.

In order to minimize the resilient force required to be
exerted by the torsion spring 75, while insuring that the
force is sufficient to “back-off” the disc 72 and the motor
46, the motor preferably includes an automatically operat-
ing clutch of the type which is commonly employed for
such purposes. In clutch motors of this type, the motor
armature is automatically engaged with the power output
driving train upon energization of the motor winding,
and is disengaged upon the de-energization of the motor
winding. An example of a motor of this type having
such an automatic clutch construction may be seep by
reference to U.S. Patent No. 2,234,040, to Schennels,
issued November 9, 1943, It will be sufficient for present
purposes to observe that the armature in the motor 46
is coupled to the output shaft 71 only when the motor is
energized. When the motor is only briefly energized
through the action of a spurious signal causing the con-
tacts 31 to flutter momentarily, the output shaft 71 and
the disc 72 are briefly advanced by the motor armature
and then are completely disconnected from the armature,

and the cam 55 in their
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Thus, the torsion spring 75 need
and drive shaft 71 back to their
and is not required to rotats
motor 46,

rotate only the disc 72
initial starting positions,
the entire armature of the

Résumé of Operation

Having observed the structure of the relay 19, a com-
plete understanding of the invention can be best obtained
by briefly considering an operating cycle during which
the relay is actuated for operating one of the devices
14, 15. Having particular reference to FIG. 3, the com-
plete relay actuating signal includes first an initiating or
“start” impulse which has appreximately a four second
duration. This impulse energizes the relay 35 so as to
close the contacts 31 and complete a circuit through the
relay 56, the contacts §3%, and the contacts 42, which is
effective to energize the relay 50. The relay 50 imme-
diately picks up and the contacts 54 are closed energiz-
ing the motor 46. Since the contacts 54 remain closed
for the duration of the long “start” sigpal impulse, the
lost motion in the device 79 is taken up and the cam shaft
45 begins rotation. This causes the cam 55 to close
the contacts 56 and thus complete a circuit sealing-in
the motor 46 for one complete revolution of the cam
shaft 45,

As the cam shaft 45 rotates, the contacts 41 close
and the contacts 51 are opened so as to turn control of
the picked-up relay 50 over to the cams 43, 44. The
relay 59 remains energized through a circuit including
the contacts 53, either set of contacts 31, 41, and either
set of contacts 32, 42,

Ten seconds following the start of the initiating sig-
nal, the binary code portion of the signal is transmitted
on the power system. The cam lobes 435, 43c, 434,
4dq and 44b successively open the contacts 41, 42. Fach
time the contacts 41 are opened, a signal impulse is re-
ceived closing the contacts 31, and each time the con-
tacts 42 are opened, no signal impulse is received so
as to maintain the contacts 32 closed. In this way, the
relay 58 remains energized throngh the binary code por-
tion of the relay actuating signal,

At thirty seconds past the initiation of a coded signal,
the timed code portion of the signal begins. Through
this period the relay 59 remains energized since both the
sets of contacts 32, 42 are closed and the contacts 41 are
also closed. However, during one of the five successive
intervals duriag the timed code portion of the signal, the

mitted on the power system. The signal impulse closes

At fifty seconds past the start of the actuating signal,
the cam 66 closes the contacts 61 so that the terminals
12, 13 are energized from the circuit passing through
the relay 5. 1If a0 final signal is recejved to energize
the relay 35, the contacts 61 complete a circuit through
the switch 65 and the terminal 12 to the device 14, If
a final “on-off” signal is received, then the relay 35 will
pick up and the swi i
the contacts 61 through the terminal 13 to the device 15.

Following the complete relay cycle, that is 60 seconds
after the start of the complete relay actuating signal,
the cam shaft 45 completes one revolution and the con-
tacts 41 open to drop out the relay 50. This opens the
contacts 54 and, sirnultaneously, the cam 55 opens the
contacts 56 so that the timing motor 4§ is de-energized
and the relay again assumes its standby condition,

It will be understood that the code signal to which
the relay 10 is responsive can be easily changed by sub-
stituting cams of a slightly different configuration for
the cams 43, 44, 1t will also be observed that the relay
19 can be quite economically constructed since it utilizes
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only easily formed, conventional cam-controlled switches,
and a timing motor and relays of standard design.

1 claim as my invention:

1, In a code responsive relay for connection to a line
on which is transmitted a binary code made up of a pat-
tern of successive signal impulses, the combination com-
prising, a first relay having first contacts normally open
and second contacts normally closed, means for ener-
gizing said relay responsive to “on” and “off” signal im-
pulses for alternating the condition of said first and sec-
ond contacts in accordance with the pattern of said im-
pulses, a timing motor, two-condition cam switch means
cyclically controlled by said motor s¢ that the condition
of said cam switch means is varied in & predetermined
code pattern during said cycle, means including a sec-
ond relay electrically connected to said first relay com-
tacts and said cam switch means so as to particularly re-
spond to signal impulses received in a pattern exactly
corresponding to said predetermined code pattern, out-
put terminals alternately connectable to said line through
said last named means and said first relay, and means
including said cam switch means responsive to exact
correspondence between said pattern during said cycle
for energizing said one of said ocutput terminals so as to
operate a device connected thereto.

2. In a code responsive relay for connection to a line
on which is transmitted a code made up of a pattern of
successive “on” and “off” signal impulses, the combina-
tion comprising, a two-condition relay having first con-
tacts normally open and second contacts normally closed,
means responsive to said “on” and “off” signal impuises
to energize said relay for alternately opening said sec-
ond contacts and closing said first contacts in accordance
with the pattern of said impulses, a timing motor, a pair
of cam controlled contacts cyclically operated by said
motor upon receipt of a starting impulse, one of said cam
controlled contacts being open and the other closed in
a predetermined code pattern during said cycle, code re-
sponsive means including said two-condition relay elec-
trically connected both to said first pair of contacts and
said cam controlled contacts so that the condition of
said code responsive means changes unless signal im-
pulses are received in a pattern exactly corresponding to
said predetermined code pattern, output terminals al-
ternately connectable to said line, and means responsive
to said code responsive means maintaining an unchanged
condition during said cycle for energizing one of said
output terminals so as to operate a device connected
thereto.

3. In a code responsive relay for connection to a line
‘on which is transmitted a code made up of an initiating
signal impulse and a pattern of successive “on” and “off”
signal impulses, the combination comprising, a first pair
of contacts, means responsive to said “on” and “off”
signal impulses for opening one and closing the other of
said first pair of contacts in accordance with the pattern
of said impulses, a cyclically operable timing motor, a
pair of cam controlled contacts intermittently operated by
said motor during its cycle so that one of said cam con-
trolled contacts is opened and the other closed in a pre-
determined code pattern during the cycle, means for
cycling said motor when said initiating signal impulse is
received, means including a two-condition relay electri-
cally connected both to said first pair of contacts and said
cam controlled contacts so-that the relay is picked up
and held in only if signal impulses are received in a pat-
tern exactly corresponding to said predetermined code
pattern, output terminals, and means responsive to said
relay maintaining its picked up condition at the end of
said cycle for energizing- one of said output terminals
so as to operate 4 device connected thereto,
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4. Tn a code responsive relay for connection to a line
on which is transmitted a code made up of a pattern of
successive “on” and off” signal impulses, the combination
comprising, a first pair of contacts, means responsive to
said “on” and “off” signal impulses for opening one and
closing the other of said first pair of contacts in accord-
ance with the pattern of said impulses, a timing motor
energizable by receipt of a starting impulse and contin-
uously operable through a predetermined time cycle, a
pair of cam controlled contacts cyclically operated by
said motor, one of said cam controlled contacts being
open and the other closed in a predetermined code pattern
during said cycle, means including a two-condition relay
electrically connected both to said first pair of contacts
and said cam controlled contacts with each cam controlled
contact shunting a respective one of the first pair of con-
tacts so that the condition of the relay changes unless
signal impulses are received in a pattern exactly corre-
sponding to said predetermined code pattern, output ter-
minals, and means responsive to said relay maintaining
an unchanged condition during said cycle for energizing
one of said output terminals so as to operate a device
connected thereto.

5. A binary coded relay tesponsive to a predetermined
{ime sequential binary pulse code consisting of “on” and
“off” signals, comprising in combination, first and second
line terminals for connection to a source of energization,
a holding relay connectable in circuit to each of said line
terminals and means operable by said relay when con-
nected and energized establishing an output circuit, a sig-
nal responsive relay including switch means connected so
as to connect said holding relay to said first line terminal
when an “on” signal is received and operable to connect
said holding relay to said second line terminal when an
“off” signal is received, time controlled switching means
operable to connect said holding relay to said first line
terminal when a properly sequenced “of” signal is received
and operable to connect said holding relay to said second
line terminal when a properly sequenced “on” signal is
received .in a predetermined code whereby upon receipt
of said predetermined code, said holding relay maintains
establishment of said output circuit.

6. The combination defined in claim 5 further defined
in that said holding relay when de-energized disconnects

3 itself from said signal responsive relay and said switch

means and when energized connects itself in circuit with
said signal responsive relay and said switch means,

7. The combination defined in claim 6 and time con-
trolled switching means for temporarily connecting said
holding relay in circuit with said signal responsive relay
and said switch means upon initial receipt of a code.

8. The combination of claim 5 and second switching
means adapted to connect said output circuit to-an output
terminal at the termination of receipt of said predeter-
mined code. : |

9. The combination of claim 7 and second switching
means adapted to connect said output circuit to an out-
put terminal at the termination of receipt of said prede-
termined code.
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