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ABSTRACT OF THE DISCLOSURE 
A latching electromagnetic relay which is stable in at 

least two modes of contact operation, including a coil 
and core assembly, a pivoted armature for attraction by 
the core and including at least one contact for movement 
by said armature; said armature further including a pro 
jecting tip directly cooperating with a pair of concentric 
cam tracks formed on a rotatable index wheel, said 
tracks being shaped to step the index wheel upon each 
movement of the armature, and to act as a changeable 
armature position stop to control the position of said 
contact after each successive step of rotation of said index 
wheel. 
A bi-stable relay which may be actuated with consider 

ably less power than that required for conventional bi 
stable relays. The relay comprises an electromagnet, an 
arnature mounted for movement in response to energiza 
tion of the electromagnet, and an index means rotationally 
movable with respect to an axis. The index means has a 
continuous groove which it provided with reference 
notches at different radial displacements from the axis 
and which is further provided with can surfaces dis 
placed from the notches and engageable to rotate the index 
means with respect to the axis. One end of the pin is at 
tached to the armature and its other end is captivated in 
the groove for engaging the can surfaces to rotate the 
index wheel with respect to the axis and thereby transfer 
the pin from one to another of the notches in response to 
each energization and de-energization sequence of the 
electromagnet. Electrical contacts are operatively asso 
ciated with the arnature so that they are responsive to 
the position of the armature when the electromagnet is 
de-energized for selectively opening and closing an elec 
trical circuit. 

re-mail 

The present invention relates to an electrical relay which 
is stable in at least two modes and more particularly to a 
simplified bistable relay. 
An electromagnetic bistable relay is a device in which 

a pair of contacts remain in either an "open' or "closed” 
position when the relay is stable, i.e., when the electro 
magnet is deemergized. Such devices are widely used in 
various applications when it is desired to control the 
operation of an electrical circuit each time an electrical 
impulse is supplied from a source. For example, the re 
motely controlled television art utilizes a remote trans 
mitter which produces a signal, representative of a desired 
control function, which is transmitted to a televison re 
ceiver and converted into an electrical impulse by a micro 
phone. The electrical impulse is amplified and, according 
to its predetermined frequency, is utilized to operate one 
or more control functions. One of the most common re 
motely controlled functions in a television receiver is the 
on-off function where it has been the general practice 
heretofore to utilize a first electrical relay, driven directly 
off of the final amplifier stage of the receiver, to pulse a 
second larger bistable relay which is serially connected to 
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the television receiver power line. The use of a pair of 
relays to perform this function is necessitated by the 
small amount of power produced by the remote control 
receiver and by the relatively large amount of power 
required to operate a conventional bistable relay. The first 
relay, being monostable and capable of operating from 
the low power produced by the remote control receiver, is 
utilized to supply the larger amount of power needed to 
operate the conventional bistable relay. In the past, such 
bistable relays have generally required approximately 10 
watts of power to operate the electromagnet necessary to 
actuate an armature with sufficient force to produce the 
necessary bistable action. Although bistable relays have 
been developed which require somewhat less power for 
energization, these relays are characterized by fragile out 
board resilient members and friction producing members 
which require great care both in handling and use. 

Accordingly, the purpose of the present invention is to 
provide an electrical bistable relay which requires a small 
amount of power to energize the electromagnet and 
operate the relay in a bistable manner, yet which is ex 
tremely rugged and reliable. The relay of the present in 
vention, therefore, may replace both of the previously used 
relays in a television remote control system since it can 
be operated directly by the remote control annplifier 
in a bistable manner and can control a circuit requiring 
a considerable amount of power. In addition. the present 
relay requires considerably less chassis space than con 
ventional bistable relays, particularly when a second mono 
stable relay was required. 
An object of the present invention, therefore, is the 

provision of an electrical relay which is stable in at least 
two modes, 

Another object is to provide an electrical bistable relay 
which requires only a small amount of operating power. 
A further object of the invention is the provision of an 

electrical bistable relay which is extremely rugged and 
reliable. 

Still another object is to provide a miniature bistable 
relay which is characterized by simplicity of construction, 
low cost and ease of operation and use. 

In accordance with a preferred embodiment of the 
present invention, an electrical relay which is stable in at 
least two modes is comprised of an electromagnet having 
an armature mounted for movement in response to ener 
gization of the electromagnet. Index means, mounted for 
rotation about an axis and having a continuous groove 
therein defining first and second radially spaced cam tracks 
with the second cam track having a plurality of radially 
and circumferentially spaced notches, are provided to 
gether with pin means actuated by the armature for se 
quentially engaging the first and second can tracks tin 
rotate the index means, the pin means and the notches 
cooperating to fix the position of the armature upon 
deenergization of the electromagnet. In addition, contact 
means, responsive to the position of the armature when 
the electromagnet is deenergized, are provided for con 
trolling the flow of current through an electrical circuit. 

In its broader aspects, the bi-stable electrical relay of 
the invention comprises an electromagnet and an armature 
mounted for movement in response to energization of the 
electromagnet. Index means rotationally movable with 
respect to an avis are included with the index means hay 
ing a continuous groove therein provided with reference 
notches at different radial displacements from the axis 
and further provided with can surfaces displaced from 
the notches and engageable to rotate the inder means with 
respect to the axis. Also provided are pin means captivated 
in the groove and actuated by the armature for engaging 
the can surfaces to rotate the index means with respect to 
the axis and transfer the pin means from one to another 
of the noiches in response to each energization and de 
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energization sequence of the electromagnet. Contact means 
responsive to the position of the arnature when the elec 
tromagnet is de-energized are included for selectively 
opening and closing the electrical circuit. 
The features of the present invention which are believed 

to be novel are set forth with particularity in the ap 
pended claims. The organization and manner of opera 
tion of the invention, together with further objects and 
advantages thereof, may best be understood by reference 
to the following description taken in connection with the 
accompanying drawings, in the several figures of which 
like reference numerals identify like elements, and in 
which: 
FIGURE 1 is an enlarged perspective view of a pre 

ferred embodiment of the invention: 
FIGURE 2 is a partial sectional view taken on the 

lines 2a-2a of FIGURE 1 showing the relay in a first 
operating position; 
FIGURE 2b is a partial sectional view similar to FIG 

URE 2a showing the relay in a second operating posi 
tion: 
FIGURE 3a is a sectional view of a portion of the in 

vention taken along the lines 3a-3a of FIGURE 2a: 
FIGURE 3b is a sectional view similar to FIGURE 3a 

but showing the invention in a partially actuated position; : 
and 
FIGURE 3 c is a sectional view similar to FIGURE 3a 

taken along the lines 3c-3c of FIGURE 2b. 
Referring now to the drawings, there is shown in FIG 

URES 1, 2a and 2b an electrical bistable relay 10 com 
prising an electromagnet 12 secured within a U-shaped 
frame 14. The electromagnet 12 is comprised of a core 
16 of magnetic material surrounded by a coil 18 termi 
nating in a pair of terminals 20 and 22. An armature 24, 
also formed of a magnetic material, is pivotally mounted 
on frame 14 between projections 26 and 28 formed on 
the frame 14. The armature 24 is spring biased in a direc 
tion away from the electromagnet 12 by a resilient arma 
ture spring 30 which is secured to he armature 24 by a 
pair of rivets 32 and to the frame 14 by a threaded fasten 
er 34. A first contact 36 is secured to a projecting portion 
38 of the armature spring 30 for movement with the 
armature 24 and a Second contact 40 is carried by an es 
sentially L-shaped bracket 42 which is secured, as by riv 
eting, to the upper leg 44 of the frame 14. A first terminal 
lug 46 is electrically connected to the first contact 36 
through the armature spring 30 while a second terminal 
lug 48 is electrically connected to the second contact 40 
through the bracket 42. The upper leg 44 of the U-shaped 
frame 14 is constructed of an electrically insulative mate 
rial, such as plastic, so that the terminal lugs 46 and 48 
are insulated from one another. An armature pin 50 is 
Secured to the projecting portion 38 of the armature 
Spring 30 by welding or soldering as illustrated, or may 
be formed integral therewith. 
As set forth above, the present invention provides a bi 

stable relay which, when the electromagnet is deemergized, 
will remain in either an “on” or “off” condition. To ac 
complish this, an index wheel 52 is rotatably secured to a 
depending flange portion 54 of the upper leg 44 by a 
threaded fastener 56 passing through an aperture 58 in 
the index wheel 52 and threadedly engaging a threaded 
hore 60 in the depending flange 54. The index wheel 52, 
therefore, is freely rotatable about an axis which is nor 
mal to the plane through which the armature 24 pivots. 
As best illustrated in FIGURES 3a, b and c, the index 
wheel 52 is provided with a continuous groove 62 formed 
in its inner face which defines a pair of concentric can 
tracks 64, 66, with the first cam track 64 being inboard, 
with respect to the axis of rotation of the index wheel 52, 
of the second cam track 66. The first cam track 64 is 
formed generally of a modified saw-tooth configuration 
having inclined wall portions 68 and substatnially radially 
extending wall portions 70, the wall portions 68 and 70 
being interconnected by rounded root portions 72 and 
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forming a plurality of tooth peaks 74. The second cam 
track 66 is comprised essentially of series of alternately 
deep and shallow notches 76 and 78, respectively, inter 
connected by a series of wall portions 80 inclined in a 
direction opposite to that of the inclined wall portions 68 
of the first cam track 64 and forming a series of tooth 
peaks 75. As illustrated in the drawings, the center of 
the notches 76 and 78 in the second cam track 66 are in 
radial alignment with the inclined wall portions 68 of the 
first cam track 64 while the center of the root portions 72 
of the first cam track 64 are in radial alignment with the 
inclined wall portions 80 of the second cam track 66. 
The free end of the armature pin 50 is disposed within 
the continuous groove 62 for the purpose of indexing the 
index wheel 52 and controlling the position of the arma 
ture 24 and, consequently, the position of the first con 
tact 36 with respect to the second fixed contact 40. 

In operation of the relay 10, the electromagnet termi 
nals 20, 22 may be connected to any suitable command 
Source which is capable of providing sufficient power to 
energize the electromagnet 12 and cause the armature 24 
to be attracted thereto. In an actual embodiment of the 
relay 10, is has been found that an impulse of 150 milli 
Watts is Sufficient to actuate the electromagnet 12 and 
armature 24 as compared with approximately 10 watts 
necessary to actuate conventional prior art histable re 
lays. The contact terminal lugs 46 and 48 may be con 
nected to any desired electrical circuit for which a bis 
stable control is desired. For example, as set forth above, 
the relay 10 may be utilized to control the on-off func 
tion of a remotely controlled television receiver and, in 
this case, the terminals 20, 22 would be connected to the 
remote control receiver output and the terminals 46, 48 
Would be connected in series with the television receiver 
power line. 
Upon the application of a pulse of current to the elec 

tromagnet 12, the armature 24 is attracted to the core 16 
and, as viewed in FIGURE 3a, the armature pin 50 is 
caused to move downwardly in a radial trajectory to 
wards the inclined wall portion 68 of the first cam track 
64. As the armature pin 50 engages the inclined wall por 
tion 68 of the first cam track 64, the index wheel 52 is 
calised to rotate in the direction indicated by arrow 82 
lintil the armature pin 50 is seated in the root portion 72. 
Since the electromagent 12 is energized by a pulse of rela 
tively short duration, the armature 24, upon discontinu 
ance of the energizing pulse, is caused to pivot away from 
the core 16 of the electromagnet 12 by the resilient arma 
ture Spring 30, thereby causing the armature pin 50 to 
travel upwardly in a radial trajectory towards the inclined 
wall portion 80 of the second cam track 66. As the arma 
ture pin 50 engages the inclined wall portion 80, the in 
dex wheel 52 is again caused to rotate in the direction 
indicated by the arrow 82 until the armature pin 50 is 
Seated in either the notch 76 or 78. When the armature 
pin 50 is seated in the deeper notch 76, as illustrated in 
FIGURES 2a and 3a, the first contact 36 carried by the 
armature 24 is in intimate engagement with the second 
contact 40 thereby closing the electrical circuit established 
between terminal lugs 46 and 48. In this mode of opera 
tion, it should be noted that a clearance is provided be 
tween the armature pin 50 and the top of the notch 76 
So that the first and second contacts 36 and 40 are fully 
engaged. Upon the next successive pulse of current to the 
electromagnet 12, the armature pin 50 will again trace 
the line of travel indicated in FIGURES 3a, b and c but 
will come to rest in the shallow notch 78 in the second 
cam track 66. In this position, as illusrated in FIGURES 
2b and 3c, the first and second contacts 36 and 40 are 
held apart by the notch 78 so that the circuit connected 
between the terminals 46 and 48 is interrupted. As the 
electromagnet 12 is successively energized by pulses of 
current, the armature pin 50 will sequentially come to rest 
in the deep and shallow notches 76 and 78, respectively, 
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thereby "making” and “breaking' the circuit connected 
between the terminals 46 and 48. 
Of course, the upper cam track 66 may be programmed 

to provide operational modes other than as illustrated. 
For example, if it is desired to provide an on-on-off con 
trol function, the notches 76 and 78 would be configured 
so as to provide a plurality of successive deep notches fol 
lowed by a shallow notch. It should also be noted that 
the index wheel 52 be cammed and caused to rotate in 
the direction of arrow 82 on both the downward and up 
ward stroke of the armature pin 50 since the armature 
50 must avoid the peaks 74 and 75 of the respective first 
and second cam tracks 64 and 66 to be in radial align 
ment with the inclined wall portions 68 and 80. The 
armature pin 50, therefore, sequentially engages the in 
clined wall portions 68 and 80 to index the index wheel 
52 in the direction of the arrow 82 and must further co 
operate with the series of notches 76 and 78 to fix the po 
sition of the armature 24 and, consequently, the contacts 
36 and 40 when the electromagnet 12 is deenergized. As 
set forth above, the upward travel of the armature 24 is 
limited by the contacts 36 and 40 when the armature pin 
50 is in the deep notch 76 and by the notch 78 itself 
when the armature pin 50 is in the shallow notch 78. 

There has thus been described an electrical bistable 
relay which is capable of operating from substantially 
less power than is possible with prior art bistable relays, 
yet which is extremely rugged and reliable and does not 
require the use of fragile outboard spring means. 
While a particular embodiment of the invention has 

been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from the invention in its broader 
aspects, and, therefore, the aim of the appended claims 
is to cover all such changes and modifications as fall 
within the true spirit and scope of the invention. 

I claim: 
1. An electrical relay which is stable in at least two 

modes, said relay comprising: 
an electromagnet; 
an armature mounted for movement in response to 

energization of said electromagnet; 
index means mounted for rotation about an axis, said 

index means having a continuous generally concen 
tric groove therein defining first and second radially 
spaced cam tracks, said second cam track being pro 
vided with a plurality of circumferentially spaced 
notches some of differing radial depths; 

pin means actuated by said armature for sequentially 
engaging said first and second cam tracks to rotate 
said index means, said pin means and said notches 
cooperating to fix distinct positions of said armature 
in response to sequences of deenergization of said 
electromagnet; and 

contact means, responsive to the position of said arma 
ture when said electromagnet is deemergized, for se 
lectively opening and closing an electrical circuit. 

2. An electrical relay in accordance with claim 1 
wherein: 

said first cam track is formed of a modified saw-tooth 
configuration with each tooth having an inclined 
wall portion and a generally radially extending wall 
portion. 

3. An electrical relay in accordance with claim 2 
wherein: 

said second cam track comprises a series of notches 
interconnected by a series of wall portions, the lat 
ter being inclined in a direction opposite to that of 
the inclined wall portions of said first cam track. 

4. An electrical relay in accordance with claim 3, with 
said first cam track being inboard, with respect to the 
axis of rotation of said index means, of said Second cam 
track. 

5. An electrical relay in accordance with claim 4 
wherein: 
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6 
the centers of the notches in said second cam track 

are in radial alignment with the inclined wall por 
tions of the first cam track. 

6. An electrical relay in accordance with claim 5 
wherein: 

the series of notches in said second cam track comprise 
alternate deep and shallow notches, said deep notches 
extending a first predetermined distance from the 
axis of said index means and said shallow notches 
extending a second and lesser predetermined distance 
from the axis of said index means. 

7. An electrical relay in accordance with claim 1 
wherein: 

said pin means is secured to said armature; and 
said contact means comprise a pair of contacts, one of 

which is formed on said armature for movement 
there with and the other of which is fixed with re 
spect to said armature. 

8. An electrical relay in accordance with claim 7 
wherein: 

said armature is spring biased in a direction away from 
said electromagnet and is restrained from movement 
in that direction by said contacts when said pin means 
is disposed in one of said notches and by said notches 
when said pin means is disposed in another of said 
notches. 

9. An electrical relay in accordance with claim 8 
wherein: 

said electromagnet is mounted in a U-shaped frame; 
and 

said index means comprises an index wheel rotatably 
mounted on said frame about an axis normal to the 
plane through which said armature moves. 

10. An electrical bistable relay capable of being ac 
tuated by an input power of less than one watt, which 
relay comprises: 

a U-shaped frame, one leg of which is constructed of 
an electrically insulative material; 

an electromagnet secured to said frame with its longi 
tudinal axis being normal to the longitudinal axis 
of said insulative leg; 

an armature mounted on said frame adjacent said in 
sulative leg for pivotal movement about an axis, 
said armature being attracted towards said electro 
magnet when the latter is energized; 

a resilient spring secured to said armature and to said 
frame for urging said armature away from said elec 
tromagnet when the latter is deenergized; 

an index wheel mounted on said frame for rotation 
about an axis normal to the axis of said armature, 
said index wheel having a continuous groove formed 
in its inner face defining first and second concentric 
radially spaced cam tracks, said first cam track being 
formed of a modified saw-tooth configuration hav 
ing a plurality of successive inclined and radial wall 
portions joined by a plurality of rounded root por 
tions, said second cam track being formed of a plu 
rality of alternately deep and shallow notches joined 
by a plurality of inclined wall portions, the inclina 
tion of the latter being in a direction opposite to the 
inclination of the first can track inclined wall por 
tions, said notches being in radial alignment with the 
inclined wall portions of said first cam track; 

an armature pin secured to said armature for move 
ment therewith, the free end of said pin being dis 
posed in said continuous groove for sequentially en 
gaging the inclined wall portions of said first and 
second cam tracks to rotate said index wheel upon 
movement of said armature towards and away from 
said electromagnet, said pin being seated in said 
notches upon deenergization of said electromagnet 
to fix the position of said armature when said elec 
tromagnet is deenergized; and 

a first contact secured to said armature and a second 
contact secured to said insulative frame leg, said 
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first and second contacts being in intimate engage 
ment when said armature pin is seated in one of 
said deep notches and being separated when said 
armature pin is seated in one of said shallow notches, 
whereby the flow of current through an electrical 
circuit in series with said contacts may be controlled. 

11. A bi-stable electrical relay for selectively opening 
and closing an electrical circuit, comprising: 

an electromagnet; 
an armature mounted for movement in response to 

energization of said electromagnet; 
inder means rotationally movable with respect to an 

axis, said index means having a continuous groove 
therein provided with reference notches at differ 
ent radial displacements from said axis and further 
provided with cam surfaces displaced from said 
notches and engageable to rotate said index means 
with respect to said axis; 

pin means captivated in said groove and actuated by 
said armature for engaging said can surfaces to ro 
tate said inder means with respect to said axis and 
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transfer said pin means from one to another of said 
notches in response to each energization and de 
energization sequence of said electromagnet; and 

contact means, responsive to the position of said arma 
ture when said electromagnet is de-energized, for se 
lectively opening and closing said electrical circuit. 
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