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My invention relates in general to electromag 
netic relays and more particularly to relays 
Specially designed to evidence a high degree of 
reliability under adverse operating conditions, . 
such as shock, vibration, bodily acceleration, and 
extreme conditions of temperature, altitude and humidity. 
The invention is particularly useful in connec 

tion with vehicles or other mobile equipment pro 
vided with electric control or conmunication. 
facilities, or, both. The present-day tendency is 
toward increased vehicle speeds and rates of ac 

() 

celeration and deceleration, and as vehicle speeds 
and accelerating rates are increased and more closely regulated, the control equipment has be 
come more complicated. Consequently, a more 
exacting Service is required of each of the com 
ponent elements. As the process of improvement 
and refinement continues, certain limiting fea 
tures of the older equipment and elements are 
bound to assert themselves from time to time, 
and as each limitation becomes paramount it 
must be overcome by a new and improved design 
in order to open the way for further overall development. 
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25. The present invention then relates particularly 
to electric relays for use in connection with trans 
portation control or communication equipment 
which may be subjected either simultaneously or 
consecutively to relatively large impact and vi 
bratory forces and to large and relatively per 
Sistent unidirectional accelerating forces in any 
direction, such as those due to rapidly changing 
Vehicle Speeds or rapid changes in the direction 
of vehicle motion. My relay is also designed to 
render dependable service under extreme condi 
tions of temperature, altitude and humidity. 
Accordingly, it is a general object of my inven 

tion to provide a new and improved electric relay 
which, while dependable in its operation, to an 
extent heretofore unexpected, shall be compact, 
of very light weight, and relatively simple and 
inexpensive to manufacture and assemble, there 
by facilitating adaptation and incorporation of 
the device into large-scale production plans. 

It is another object of my invention to provide 
a new and improved electric relay which shall be 
capable of operating in a substantially normal 
manner regardless of the imposition thereon of 
considerable external force. 
It is a further object of my invention to provide 

a new and improved electric relay designed to 
permit mounting in any position and to withstand 
without substantial effect upon its operation rela 
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tively large transient or persistent, oscillatory or unidirectional accelerating forces, 
It is a still further object of my invention to 

provide an electric relay which shall substantially 
maintain its calibration regardless of the position 
in which it is mounted and independently of its 
subjection to relatively large vibratory impact or 
other accelerating forces. 
It is a specific object of my invention to pro 

wide an electric relay which is inexpensive and 
simple to manufacture and which will render 
reliable service under extreme shock, vibration, 
and temperature, altitude, and humidity limits. 
For a more complete understanding of my in 

vention itself and a further appreciation of its 
objects and advantages, reference should now be 
had to the following detailed specification taken in conjunction with the accompanying drawing 
in which Fig. 1 is a side elevation of an electric 
relay embodying my invention; Fig. 2 is a plan 
view of the relay of Fig. 1; Fig. 3 is a cross-sec 
tional view taken along the line 3-3 of Fig. 2; 
Fig. 4 is an exploded perspective view of certain 
details of the relay of Figs. 1, 2, and 3; Fig. 5 is 
a side elevation of an electric relay embodying 
my invention in a modified form; Fig. 6 is a plan 
view of the relay of Fig. 5; and Fig. 7 is a frage 
mentary eross sectional view of certain details of 
the relay illustrated at Figs, 5 and 6. 
Referring now to the drawing, and particularly 

to Figs. 1 to 4, inclusive, my relay comprises a 
magnetic frame O of generally U shape prefer 
ably having one long and one short leg. The 
frame O is mounted upon a base and provided 
centrally of its bight with a magnetic core 2 
attached at its base to the frame and extending 
in parallel spaced relation with the legs of the 
frame. The upper end of the core f2 serves piv 
otally to Support a rockable magnetic armature 
3 in such a position that one end of the armature 

is located in attractive relation to one leg of the 
frame 0 for movement toward and away from the frame. 
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Any desired arrangement of stationary contact 
structure may be mounted upon one or both of 
the outside legs of the magnetic frame O. At 
Figs, 1, 2, and 3, I have shown a pair of fixed 
contact supports f4 and 5 made of any suitable 
insulating material, such as porcelain or a molded insulating compound. The supporting blocks 4 
and 5 are attached to the outside surfaces of 
the frame O by any suitable connecting means 
such as rivets 6 and serve to support a plurality 
of stationary contact members T. Suitable mov 
ing contact members 8 are mounted upon the 



2 
movable armature i3 and insulated therefrom. 
In the form of the invention shown at Figs. 1, 2, 
and 3, the movable contacts 8 are mounted at opposite ends of electrically conducting contact 
spring strips A9 which extend in parallel spaced 
relation to the armature 3 and are attached to 
the ends of a pair of transverse insulating mem 
bers 20 mounted upon the armature f3. It will 
be noted that the contacts and 8 are arranged 
with two pairs normally open and two pairs nor 
mally closed. Either of these two pairs may to 
advantage be connected in series circuit relation, 
since, especially at high altitudes, it has been 
found that two breaks in series is more efficacious 
than a single break with the same total gap. In 
order to establish an actuating magnetic flux 
through a circuit comprising the long leg of the 
frame. 0, the core 2 and the armature 3, I 
provide an energizing coil or winding 2 positioned 
upon the core 2 between the legs of the U-shaped 
frame . ture for long periods the winding 2 may be 
wrapped upon a spool. 2 a formed of a phenolic 
condensation product and coated with cellulose 
acetate. The phenolic product provides mechani 
cal strength even at high temperatures and the 
acetate is non-corrosive. . For the purpose of minimizing the effect of 
external forces which might be imposed upon 
the relay, the armature 3 is rockably mounted 
at substantially its center of gravity by means 
of a new and improved knife-edge bearing. Re 
ferring now particularly to Figs... 3 and 4, the knife-edge bearing comprises a substantially 
U-shaped saddle 30 having a substantially flat 
apertured bight portion and rigidly attached to 
the upper end of the core 2 by means of a bolt 
3. The saddle 30 is provided for at least a por 
tion of its width with a transverse ridge 32 which 
serves as a knife-edge support for the armature 
3. As shown in the drawing, the armature 3 
may, if desired, have a shallow transverse groove, 
as at 33, to provide a knife-edge seat for coop 
eration with the ridge 32. It will be evident that 
when the armature 3 is positioned within the 
saddle 30, the upturned end portions of the 
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leaf spring 36 to a position spaced from the 
relay core 10. The flat leaf spring 38 is prefer 
ably relatively stiff and has a high natural period 
of vibration, thereby further to protect the relay 
against external vibratory forces. Furthermore, 
in order to realize the fullest advantages of my 
invention, the resonant frequency of all station 
ary parts should be relatively high and of a dif 
ferent value than that of the armature. Such an 
arrangement, in combination with my improved 
armature suspension gives a maximum reliability 
in severe high frequency vibration, such as is 
present in aircraft. At Figs. 5, 6, and 7, I have shown a modified 
form of my relay the general arrangement of . 
which is somewhat similar to that shown at 
Figs. 1 to 4, inclusive, and the corresponding 
component parts of which have been assigned 
like reference numerals. A few minor variations 
in the general arrangement have been shown for 
illustrative purposes. In the first place, the base 

is made of insulating material so that a sta 
tionary contact post 40 and associated terminal 
connector 4 may be mounted directly upon the 
base. Also since the relay of Figs. 5 and 6 is not 
provided with normally closed contacts, it is nec 
essary to provide some stop means, such as a 
bracket 42, for limiting the circuit opening move 
ment of the armature 3. To provide an abut 
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U-shaped saddle serve to restrain any lateral or 
turning movement of the armature. To secure the armature against longitudinal 
or upward displacement, a double shouldered an 
riular member or washer 34 is provided in con 
nection with the bolt 3 to serve the dual pur 
pose of firmly connecting the U-shaped saddle 
30 to the end of the core f2 and loosely retain 

- ing the armature 3 within the saddle. As will 
be evident, particularly from an examination of 
Fig. 3, the body portion of the double shouldered 
washer 34 is of greater diameter than the bolt 
receiving aperture in the saddle 3G so that when 
the bolt 3 is screwed down tightly into the core 
2, the lower surface of the washer 34 holds, the 
saddle 30 firmly in engagement with the core. 
The upper overhanging annular shoulder of the 
washer 34 is spaced from the lower surface of 
the washer by a distance greater than the thick 
ness of the armature 3 so that, while the upper 
shoulder of the washer 34 serves to hold the 
armature 3 loosely within the saddle 30, it does 
permit rocking movement of the armature under 
the influence of a biasing spring and the mag 
netic attractive force between the armature and 
the long leg of the relay frame. A lock washer 
35 may also be provided to prevent loosening of 
the boit 3i, as the rest of continued vibration. 
The armature i3 is biased by means of a flat 
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ment for the fixed end of the flat biasing spring 
36, a nonmagnetic metallic support 43 is attached 
to the short leg of the magnetic frame -9. Also, 
according to this modification a longitudinally 

- split movable bridging contact spring 44 is elec 
trically connected to the armature f3. The pur 
pose of the split contact is to keep the contact 
resistance at a minimum. Referring now particularly to Figs. 6 and 7, 
it will be noted that, as in the previously de 
scribed modification, the armature 3 is loosely 
mounted within a U-shaped saddle 30 and both 
the saddle and armature are retained in posi 
tion by a bolt 45. The bolt 45 differs from the 
bolt 3 of Fig. 4 in that its head portion is formed 
to provide integrally therewith a pair of spaced 
annular shoulders such as those provided by the 
washer 34 of Fig. 4. The lower shoulder of the 
bolt 45 is screwed down firmly against the bight 
of the saddle 30 in order rigidly to attach the 
saddle to the end of the-core 2, while the upper 
annular shoulder of the bolt 45 merely over 
hangs a bolt receiving aperture 46 in the arma 
ture 3 and serves to prevent upward displace 
ment of the armature and unseating thereof with 
respect to the saddle, 30. It will be understood 
that the distance between the annular shoulders 
on the head of the bolt 30 is greater than the 
thickness of the armature 3 So that the arma 
ture is only loosely held within the saddle. From 
Fig. 6 it will also be noted that the bolt receiv 
ing aperture 45 in the armature 3 may be elon 
gated to a somewhat noncircular form so that 
the armature is permitted a limited amount of 
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longitudinal displacement. As in the modifica 
tion of Figs. 1 to 4, inclusive, it will be under 
stood that the armature f3 of Figs. 5 to 7, inclu 
sive, rests at substantially its center of gravity 
upon the transverse ridge formed internally of 
the saddle 30. Attention is directed to the bent end 50 of 
the armature 3 of Figs. 5, 6, and 7. The end 50 
is bent downwardly as viewed in the drawing 
in order to balance the armature and moving 
contacts to the fullest extent in all three per 
pendicular planes in space, 
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While I have shown only certain preferred 

embodiments of my invention by way of illus 
tration, many other modifications will occur to 
those skilled in the art, and I therefore wish to 
have it understood that I intend in the appended 
claims to cover all such modifications as fall 
within the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In an electromagnetic relay subject to large 

unidirectional and Oscillatory accelerating forces, 
a Stationary magnet frame, a magnetic arma 
ture pivotally mounted for movement toward and 
away from said frame, means for mounting said 
armature comprising a substantially U-shaped 
saddle having a flat bight portion provided in 
ternally with a transverse ridge, Said armature 
being positioned within Said Saddle and being 
rockably Seated Substantially at its Center of 
gravity upon said ridge thereby to render the 
movement of Said armature substantially inde 
pendent of said accelerating forces, means for 
fixedly mounting said. Saddle upon said frame 
and loosely securing said armature within said 
saddle comprising a bolt having a head portion 
formed to provide a pair of Spaced apart an 
nular shoulders, said bolt passing through said 
armature and said saddle in the region of Said 
ridge and said shoulders being Spaced apart a 
distance greater than the thickness of Said arma 
ture, and a flat spring connected between Said 
frame and said armature for biasing Said arma 
ture to a position spaced from Said frame. 

2. In an electromagnetic relay subject to large 
unidirectional and oscillatory accelerating forces, 
a stationary magnetic frame, a magnetic arma 
ture pivotally mounted for movement toward and 
away from said frame, means for mounting said 
armature comprising a substantially U-shaped 
saddle having a transverse bight portion pro 
vided internally with a transverse ridge, Said 
armature being positioned within said Saddle and 
being rockably seated substantially at its center 
of gravity upon said ridge thereby to render the 
movement of said armature substantially inde 
pendent of said accelerating forces, means for 
fixedly mounting said saddle upon said frame 
and loosely securing said armature within said 
saddle comprising a bolt and a washer formed 
to provide a pair of spaced apart annular shoul 
ders, said washer passing through said armature 
to seat upon said saddle and said bolt passing 
through said washer to hold said washer firmly 
against said saddle, said annular shoulders being 
spaced apart a distance greater than the thick 
ness of said armature, and a flat spring con 
nected between said frame and said armature for biasing said armature to a position spaced from said frame. 

3. In an electromagnetic relay subject to high 
unidirectional and oscillatory accelerating forces, 
a magnetic core member having an energizing 
winding mounted thereon, an L-shaped magnetic 
frame portion having one leg in engagement with 
one end of said core and another leg extending 
in parallel spaced relation to said core and ter 
minating in substantially the same plane as the 
other end of said core, a magnetic armature piv 
otally mounted upon said other end of said core 
for movement toward and away from said frame 
member, said armature being dynamically bal 
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anced thereby to render the movement of said 
armature Substantially independent of said ac 
celerating forces, means for mounting said arma 
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ture comprising a substantially U-shaped saddle 
of appreciable width having a flat bight portion 
provided internally with a transverse ridge, said 
armature being positioned within said saddle and 
being rockably Seated substantially at its center 
of gravity upon said ridge, means including a 
bolt for rigidly attaching said saddle to said core 
member and loosely Securing Said armature 
within said saddle, said means comprising an an 
nular member formed to provide at least two 
Spaced apart annular Shoulders, Said bolt passing 
through Said armature and said Saddle at a point 
aligned with said ridge to bring the first of said 
shoulders into engagement with said saddle for 
Securing Said Saddle to Said core, the second of 
Said shoulders Serving as an abutment for pre 
venting displacement of said armature from said 
Saddle while permitting rocking movement of 
Said armature Within Said Saddle, and a flat 
Spring having a high natural period of vibration 
disposed between said base and the said armature 
to bias Said armature to a position Spaced from said frame portion. 

4. In an electric relay Subject to large uni 
directional and oscillatory accelerating forces, a 
stationary magnetic frame including a coil core, 
a Substantially U-shaped saddle of appreclable 
width having a centrally apertured flat bight por 
tion provided internally with a transverse ridge, 
a centrally apertured magnetic armature posi 
tioned Within Said saddle with said apertures in 
alignment and Seated Substantially at its center 
of gravity upon said ridge thereby to render 
pivotal movement of Said armature upon said 
ridge Substantially independent of said accelerat 
ing forces, Said amature being maintained in 
alignment by the upright Sides of said saddle, 
and single means for fixedly mounting said saddle 
upon said core and loosely retaining said arma 
ture in Said saddle comprising an annular mem 
ber having at least two spaced apart annular 
shoulders, one of Said shoulders passing through 
Said arnature and holding Sald Saddle against 
Said core and the other of said shoulders limiting 
movement of Said armature away from said core. 

5. In an electric relay Subject to large uni 
directional and oscillatory forces, a stationary 
magnetic frame including a coll core, a knife edge 
bearing member seated upon said core and hav 
ing a central aperture therein, a centrally aper 
tured magnetic armature seated transversely 
upon Said bearing member at Substantially the 
Center of gravity of Said armature and with said 
apertures in alignment thereby to render pivotal 
movement of Sald armature upon said bearing 
member Substantially independent of accelerat 
ing forces, guide means for preventing lateral dis 
placement of said armature with respect to said 
bearing member, and Single means for fixedly 
connecting Said bearing member to said core and 
loosely retaining said armature upon said bearing 
member comprising an annular member having 
at least two spaced apart annular shoulders, one 
of said shoulders passing through said armature 
and holding said bearing member against said 
Core and the other of Said shoulders limiting 
movement of said armature away from said core. 

HILLPH. ESTES, 


