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The present invention relates to switching devices and 
more particularly to an improved magnetically operated 
Switching unit, particularly suited for use in electromag 
netic relays, in which the switching contacts are provided 
within a separate enclosure or cartridge for facilitating 
the maintenance of a suitable atmosphere for the contacts 
so that the disturbing effects of other relay components 
and of ambient conditions do not adversely affect the 
switching action of the unit. 

It is an object of the present invention to provide a mag 
netically operated switching device which by the use of 
Small and balanced moving parts provides for high speed 
operation and has excellent shock and vibration resisting properties. 
Another object of the present invention is to provide 

an improved switching unit having improved contact re 
liability and having operating characteristics which are 
Substantially unaffected by storage or by severe ambient 
conditions such as extreme temperature variations, high 
altitudes, and the like. 

Briefly, the above and further objects are realized in 
accordance wtih the present invention by providing a 
Switching unit comprising as its principal elements a bal 
anced, pivotally mounted armature and two or more elec 
trically conductive terminal members which extend from 
the switching unit, at least two of the terminals being fer 
romagnetic so as to function as heel pieces as well as elec 
tric terminals. In the case of a side stable relay, the 
armature is biased toward one of its limiting and switch 
ing positions either by means of a spring or by means of 
a permanent magnet, and in the case of a bistable polar 
ized relay, the armature is maintained in either of its two 
Switching positions by means of a permanent magnet 
which is located outside of the switching unit. In the 
case of a bistable polarized relay, one or two permanent 
magnets may be employed. 
The invention, both as to its organization and method 

of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing detailed description taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a side elevational view, partially in section, of 
a relay embodying certain aspects of the present invention; 

FIG. 2 is a perspective view showing the switching unit 
of the relay illustrated in FIG. 1; 

FIG. 3 is a fragmentary perspective view of a switch 
ing unit embodying the present invention; 

FiGS. 4 and 5 are fragmentary side elevational views 
of switching units embodying other aspects of the present 
invention; - 

FIG. 6 is a fragmentary side elevational view of the 
upper portion of a relay embodying certain aspects of the 
present invention; and 

FIG. 7 is a side elevational view of a relay switching 
unit embodying certain aspects of the present invention. 

Referring now to the drawings and more particularly 
to FIG. 1 thereof, there is shown a complete relay () 
which comprises as its principal elements a generally cylin 
drical housing or can 12 in which is mounted a control 
winding or coil 13 and a hermetically sealed switching 
unit or cartridge 14. In the unit 14, a ferromagnetic 
electrically conductive terminal and heel piece i5 pro 
trudes from the top of a hermetically sealed glass housing 
i6 from the bottom of which extend two terminal mem 
bers 17 and 18. The terminal 7 is ferromagnetic so 
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that it also functions as a heel piece. The members 15 
and 7 thus cooperate with the can 12 and a tubular fer 
romagnetic sleeve 21 to provide a stator having an air gap 
in which a balanced ferromagnetic and electrically con 
ductive armature 22 is pivotally mounted for selectively 
connecting the terminal member 15 to either the terminal 
member 7 or the terminal member 18. 
The terminals 17 and 8 are respectively connected 

through conductors 23 and 24, to two terminal pins 25 
and 26. These terminai pins are conventionally mounted 
in a disk-shaped header 27 which is formed of insulating 
material and is secured in place, as shown, to close the 
bottom opening in the can 2. A third terminal pin 28 
extends through the header 27 and is electrically con 
nected to the upper terminal member 15 by means of a 
resilient wave shaped connector 3 of rectangular cross 
section, which also functions to bias the switching unit 14 
against the opposite side of the inner wall of the coil 13, 
thereby to eliminate any radial play between the switch 
ing unit 14 and the coil 13. 

Radial play between the coil 3 and the housing 12 is 
prevented by means of a plurality of elongated resilient 
and folded inserts 32 which are positioned between the 
coil 13 and the inner wall of the housing 12. Axial move 
ment of the coil 13 with respect to the housing 12 is 
prevented by means of a washer 33 which is interposed 
between the sleeve 21 and the lower end of the coil 13 
and has one or more resilient pretensioned crimps therein 
for resiliently biasing the coil 3 upward against the bot 
tom surface of the off-turned portion of the terminal 5. 
The terminal 15 is thus resiliently urged against an in 
sulating disk 34 positioned at the top of the housing 12. 
The fianged sleeve 2g is supported within the housing 2 
by means of a tubular sleeve 35 which is interposed be 
tween the sleeve 2A and the header 27. The pretensioned 
washer 33 thus not only acts to force the terminal mem 
ber 35 to the top of the can 2 but also acts to bias the 
sleeve 21 and the sleeve 35 toward the header 27, thereby 
to prevent relative movement of the switching unit 14 
either with respect to the winding 13 or with respect to 
the can 2. The winding 13 is provided with a pair of 
input leads 36 which extend through a suitable slot 37 in 
the sleeve 22, and are respectively connected to terminal 
pins (not shown) which extend through and are supported 
by the header 27. 

Considering the operation of the relay of FIG. 1, let 
it be assumed that the armature 22 is normally biased 
by means not visible in the drawing into engagement with 
a nonmagnetic contact member 33 which is welded to 
the terminal member 3 so that when no current is 
supplied to the coil 13 the armature is positioned in the 
manner illustrated in FiG. 1 and electrically connects 
the terminal 5 to the terminal 8. Accordingly, the 
terminal pins 26 and 23 are interconnected within the 
relay 6, 
When a current of sufficient value is supplied to the 

winding 13 to operate the relay 0, a magnetic field is 
established which causes flux traversal of the magnetic 
circuit. This circuit extends from the top portion of the 
winding 3 tihrough the bent-over portion 5a of the 
terminal member 5, through ihe terminal member 5 
to the armature 22 across the air gap between the lower 
portion of the arrnature 22 and the upper portion of the 
terminal member 7, through the terminal member 27, 
across the relatively short gap to the sleeve 25, through 
the sleeve 2; and the walls of the can 12 back to the 
bent-over portion 5a of the terminal member 5. The 
magnetic flux which is thus caused to traverse the gap 
between the armature 22 and the terminal i7 causes 
the armature 22 to pivot clockwise so that the armature 
22 engages the terminal 7. When this occurs, the 
terminal pins 25 and 23 are interconnected and the 
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erminal pin 26 is disconnected from the terminal pin 
26. Upon termination of the supply of current to the 
winding 13, the armature 22 pivots counterclockwise 
under the influence of the biasing force exerted thereoi 
to its normal position in which the terminal pins 26 
and 28 are connected. 

Referring now more particularly to FIGS. 2 and 3, the 
details of a sealed switching unit or cartridge 40 of the 
side stable type are there illustrated. Briefly, this init 
comprises a hermetically sealed housing 41, preferably 
formed of glass, which may either be evacuated or filed 
with a suitable arc Suppressing gaseous medium at a 
desired pressure through a tube 42 which opens into the 
housing and is pinched off at its upper end 43 after the 
desired atmosphere has been established in the housing 
41. A set of ferromagnetic, electrically conductive termi 
nais 44, 45 and 48 respectively extend through the upper 
and lower ends of the housing 45 and facilitate connec 
tion of the unit 49 in the electrical and magnetic circuits 
of the relay. A balanced armature 46 is pivotally 
mounted on the terminal 44 and selectively connects it 
to either of the terminals 45 and 48. 
As best shown in FGS. 2 and 3, the armature 46 is 

pivotally mounted on a ferromagnetic and electrically 
conductive supporting structure 47 which is attached to 
the lower end of the terminal 44. The support 47 con 
prises a pair of side members 50 which are received in 
suitable recesses at the sides of the terminal member 44 
and between the ends of which extends a cylindrical pivot 
bar 55. The armature 46 is attached to the support 47 
by means of a cantjiever type of spring 52 which has 
its lower end secured, as by welding or the like, to the 
armature 46 and may be provided with a semi-cylindrical 
upper end portion 53 which is adapted to engage the bar 
5S and which is positioned opposite a semi-cylindrical 
recess 49 in the armature 46. In initially mounting the 
armature 46 upon the support 47, which has previously 
been attached to the terminal 44, the left-hand surface 
of the amature 46, as viewed in FIG. 2, is slid along 
the right-hand edge of the pivot bar 5; so that as the 
off-turned upper end 54 of the spring 52 engages the 
bar 55 the upper end of the spring 52 moves toward the 
left away from the body of the armature 46 to cause the 
spring to ride over the bar 5 until the depression 53 
and the recess 49 are aligned with the bar, at which 
time the spring 52 snaps toward the right, thereby pivot 
ally to attach the arrnature 45 to the support 47. Since 
the supporting posis 56 and the bar 52 are formed of 
ferromagnetic materiai, they are magnetically connected 
to the terminal 44. Therefore, when a magnetic field 
is established between the terminals 44 and 45, the 
armature 46 pivots clockwise into engagement with the 
upper portion of the terminal 45 thereby to establish a 
conductive path between the terminals 44 and 45. 

In the arrangement shown in FGS. 2 and 3, the 
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sired, a magnetic yoke 62 may be attached to the back 
of the magnet 57 so that the upper portion of the yoke 
62 is in proximity to the lower end of the terminal 44 
thereby to provide a low reluctance magnetic circuit for 
the biasing magnet 57 which extends through the yoke 
62 across the gap to the terminal 44, through the support 
47 and back to the opposite pole of the magnet 57 
through the lower half of the armature. 

Bounce suppression during snap return of the arma 
ture to its biased position is obtained by the magnetic 
attraction of artinature 46 to the permanent magnet 57. 
When the relay operates and the armature rotates clock 
wise to strike the terminal 45, bounce is prevented by 
the strong magnetic field which exists between the arma 
ture 46 and the contact 45 to which it is directly con 
nected. - 

In assembling the parts of the switching unit 40, the 
terminal 44 with the support 47 mounted thereon and 
the tube 42 are first sealed into the upper end of the 
tubular glass housing 41. This assembly operation is 
performed with the lower end of the housing fully open. 
The armature 46 is next inserted into the housing through 
the open lower end thereof and pivotally mounted upon 
the pivot bar 5 of the support 47 in the manner de 
Scribed above. The terminal 48 with the parts 56, 57 and 
62 mounted thereon, and the terminal 45 are next in 
Serted into the open lower end of the housing 4 until 
they are brought into the desired positions relative to the 
terminal 44 and the armature 46. During this positicning 
operation, the terminals 45 and 48 are fixedly held in 
their desired relative positions with the spacer 60 posi 
tioned therebetween. When the parts 4, 44, 45, 46, 
and 48 are thus correctly positioned relative to each 
other and while being held in their correct relative posi 
tions, the lower end of the tubular housing 41 is sealed 
off to complete the assembly. Finally, the interior of the 
housing is evacuated or filled with a suitable arc sup 
pressing gas through the tube, 42 after which this tube 
is pinched off and sealed. 

Referring now to FIG. 4, an alternative embodiment 
of a portion of the Switching unit is there shown, where 
in a spring 64 is used to bias the armature into engage 
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ment with the nonmagnetic contact member 56. Since 
this embodiment is a modification of the switching unit 
40, similar parts are designated by like reference num 
bers. As shown, the armature 46 is magnetically and 
electrically mounted on the common terminal 44 by 
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armature 46 is biased into engagement with the terminal 
48 by means of a small cylindrically shaped permanent 
magnet 57 which is mounted in a recess 58 in the rear 
surface of a nonmagnetic contact 56 supported upon the 
terminal 48. In order to maximize the ratio of the flux 
path reluctance of the terminal 48 to that of the termi 
nal 45, the nonmagnetic contact 56, such, for example, 
as silver, is welded to the upper end of the terminal 48. 
The spacing between the contact portions of the terminals 
45 and 48 is established by means of a nonmagnetic 
insulating spacer sleeve 60 which partially surrounds a 
cylindrical boss on the front side of the nonmagnetic 
contact member 56. The length of the spacer GG thus 
determines the length of the air gap between the arma 
ture 46 and the terminal 45 and thus the air gap flux 
density required to operate the relay against the attrac 
tive force of the permanent magnet 57. 

It may thus be seen that the magnet 57 biases the 
armature 46 in its limiting counterclockwise position as 
shown in FIG. 2. If an increased biasing force is de 
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means of the Support 47 and the spring 52. The arma 
I ture 46 is shown in its normal position in engagement 
With the forward face of the non-magnetic contact mem 
ber 56 which is spaced from the magnetic terminal mem 
ber 45 by means of the spacer sleeve 60. A preformed 
Spring 64 having a pretensioned resilient off-turned end 
portion 65 is secured at its lower end, as by spot welding 
or the like, to the armature 46 and the upper end thereof 
bears against the forward face of the terminal 44 to bias 
the armature 46 in a counterclockwise direction into en 
gagement with the contact member 56. It should be 
noted that as the armature 46 is released and pivots 
counterclockwise, the off-turned portion 65 of the spring 
64 slides downwardly against the face of the terminal 
44 as the armature 46 moves into contact with contact 56 
on terminal 48. 

Referring to FIG. 5 an alternative embodiment of the 
invention is there shown which constitutes a modifica 
tion of the spring biased armature arrangement shown in 
FIG. 5. The unit of FIG. 5 is particularly suitable for 
use in handling heavy switching currents and thus in 
cludes a relatively large area contact 67 which is attached 
as by Spot Welding to the lower end of the principal body 
portion of an armature 68. The armature 68 is pivotally 
Supported on the terminal 44 by means of the support 
47 and the spring 52 and the contact 67 is biased against 
the non-magnetic contact member 56 by means of a 
biasing spring 70 which is attached at its lower end to 






