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This invention relates to magnetically operated elec 
trical contacting devices and particularly to a relay of 
electrical precision having improved characteristics under 
conditions of mechanical shock and vibration. - - 
While the electrical relay is a device well known in th 

art for remotely making or breaking contacts in electrical 
circuits the performance demands of modern electronics 
call for devices to operate under electrical and mechani 
cal conditions sufficiently rigorous to render the classical 
relay inoperative. Besides small size and hermetic seal 
ing against all kinds of ambient conditions and agents the 
operating performance of the relay under mechanical 
conditions of severe vibration and shocks of many times 
the acceleration due to gravity (many "g's') must now 
be exemplary. The relay must be as electromagnetically 
sensitive as possible to allow operating forces sufficiently 
large to insure reliability of operation under the mechani 
cal conditions outlined, Furthermore, the mechanical 
structure must be packaged in such a manner as to avoid 
deformation under all conditions of use and to avoid 

35 failure by fatigue of metal under prolonged vibration. . 
We have discovered that modern requirements can be 

met by departing from the prior art in certain important 
related ways. A tight-fitting and thus low, reluctance 
hinge between the stationary part of the magnetic struc 
ture and the armature has been found disproportionately 
effective in increasing the sensitivity to operating force 
ratio. 
maintaining a minimum air gap at the end of the arma 
ture opposite the hinge, the certainty of the drop out 
value of the relay is enhanced. 
We have departed completely from the practice in 

the art of building a relay upon a base. Such a structure 
invites fatigue from cantilever beam action, crowds the 
operating portion of the relay, and causes differential 
internal stresses in the structure. Instead, we form the 
whole of the relay proper in a compact and ruggedly 
connected structure and connect this to the base by flex 
ible electrical connections. There are no cantilever 
stresses, the operating portion of the relay is fully ac 
cessible during manufacture and for readjustment and 
two two-dimensional U-brackets each having Surfaces in 
two parallel and one mutually perpendicular planes hold 
the structure together so that differential stresses there 
within are avoided. The access provided by our struc 
ture allows precision screw adjustment of the opening 
armature stop, of the spring tension opposing the pull 
of the actuating magnet and of the relation between 
armature travel and switch contact travel. Through the 

In combination with an adjustable piece for 
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use of an envelope of electrical insulating material and 
of compliant pads the relay proper nests within its hous 
ing or case and becomes structurally one with it, being 
supported by at least four sides thereof. 
The aspects of the structure recited have a unitary ef 

fect upon the operating characteristics of the relay. 
The coaction thereof determines that the relay will be 
sensitive, yet rugged, that the operating electrical values 
will be the same under conditions of vibration or shock 
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2 
as at rest and that optimum characteristics can be ob 
tained in each relay in factory manufacture or by read 
justment in the field. 
An object of our invention is to provide a relay of im 

proved operating characteristics under conditions of vi 
bration and mechanical shock. 
Another object is to provide means for precision ad 

justment and readjustment of the operating mechanism 
of a small relay. 
Another object is to reduce the reluctance of the mag 

netic structure of a relay. 
Another object is to form and support the essential 

structure of a relay to resist internal deformation. 
Another object is to prevent failure of the structure 

due to cantilever fatigue. 
Other objects of our invention will become apparent 

upon reading the following detailed specification and 
upon examining the related drawing, in which: 

Fig. 1 shows the relay in one end elevation, 
Fig. 2 shows the relay in side elevation, 
Fig. 3 shows the relay in the other end elevation, 
Fig. 4 is a horizontal sectional view looking downward 

from just above the armature, 
Fig. 5 is a horizontal sectional view looking upward 

from just below the switch terminals, and 
Fig. 6 is a vertical sectional detail of the armature hinge 

structure. 
In the figures the case has been shown in section so 

that the relay proper may be seen, and in Fig. 4 it has 
been omitted for clarity. 

In Fig. 2, which shows the greater portion of the gen 
eral construction numeral 1 identifies a characteristically. 
hollow rectangular parallelepiped magnetic or non-mag 
netic metal case or housing. Within this is insulating 
envelope 2, preferably formed of a hard but flexible fiber. 
This has the function of insulating the several elements. 
of the relay proper from the housing and of acting as a 
structural Support between the elements and the housing 
over most of the surfaces involved. It is not important 
that all portions of every surface be supported but this 
end is promoted by folding the envelope with two or 
three thicknesses of the material adjacent to the smaller 
dimensions of the relay. Such additional thicknesses are 
indicated at 3 and 4. 
The space within the desirably small rectangular hous 

ing is effectively utilized by employing a U-shaped sta 
tionary magnetic element 5 in conjunction with a cylin 
drical pole 6 and a magnetic-circuit-completing armature 
7. The U-shaped piece and the pole are held together 
with screw 8. All these elements are preferably formed 
of soft hydrogen-annealed magnetic iron. 

This magnetic structure has an important advantage 
over others of the prior art in that when screw. 8 is 
loosened and withdrawn pole 6 and the surrounding coil 
9 can be withdrawn from the relay. This allows the coil 
to be easily changed for another of a different number of 
turns or for replacing a defective coil; also, for obtaining 
a different gap at pole piece 6. w 
The main structural members of our relay are the two 

U-brackets 10 and 11. These are characterized as two 
dimensional in that these are fastened to the U-shaped. 
magnetic element 5 by two binding head screws 12 at 
each side thereof and support two Switch contacting 
means 13 and 14 by screws 15 upon surfaces at right 
angles to the sides fastened to element 5. Screws 12 
in slightly oversize holes in brackets 10 and 11 allow 
minor structural adjustment of the brackets with respect 
to element 5 for adjustment in manufacture. After the 
manufacturing adjustment the threaded ends of screws 
12 are preferably soldered to element 5 to surely retain 
the adjustment. The switch contacting means are held 
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apart in a rigid structure by milled piece 16, which is 
preferably of non-magnetic metal or of phenolic. This 
piece is shown in Figs. 1, 3 and 5. The screw holes in 
bracket 10, the switch contacting means 13 and 14, and 
milled piece 16 are of screw pass size, whereas the holes 
in bracket 11 are threaded. Of course, rivets may be 
used for fastenings 12 and 15 where manufacturing toler 
ances are so close that manufacturing adjustment is not 
required. 

Switch contacting means i3 and 14 have been shown 
as spring-biased double throw contactors in insulated 
cases, such as microswitches. The actuating rod i7 of 
each is depressed by the armature of the relay when in 
the non-energized position shown in Fig. 2 to make con 
tact with the lower contact of each against the bias of 
the internal spring within the microswitch. External 
spring 18 of the relay, shown in Fig. 3, assures that the 
internal spring will be overcome and that the armature 
will be pressed against threaded adjustable stop 19 when 
the relay coil is not energized. The effective spring ten 
sion is the difference between the two tensions mentioned. 
Precision adjustment of the external spring is accom 
plished by adjusting stud 20. This is fitted into the exten 
sion 21 of milled piece 16 and is provided with adjusting 
nut 22. 

Brackets 10 and 11 have integrally formed projecting 
lips 23 and 24 at the lower extremities. The lips are 
threaded and hold switch-positioning screws 25 and 26. 
These screws provide a micrometer type adjustment of 
the travel of the actuating rod 17, an important adjust 
ment as we have found in practice. By the adjustment 
of screws 25 and 26, stop 19 and spring-adjusting stud 
20 it is possible to quickly and accurately adjust the 
relay to optimum operating conditions. This is not pos 
sible with relays which require bending stops and spring 
adjustment and which have no means of adjusting the 
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travel of the switch rod. When our adjustments have 
been made and the relay is to be sealed or otherwise 
operated without supervision during the useful life each 
adjustment is sealed with a brush-full of a suitable com 
pound, such as glyptal. 
Each switch contacting means 13 and 14 of the relay 

is ordinarily fitted with three electrical terminals, 27, 28 
and 29. Terminals 27 and 28 are connected within the 
switch to the double throw contacts and terminal 29 to 
the switch arm. In this relay these terminals are con 
nected by relatively flexible insulated wires which are 
generally indicated at 30 to appropriate pins 31 forming 
the external terminals and fastened in an insulating por 
tion of base 32. Other wires, such as 33, connect from 
pins to the winding of coil 9. 
The space occupied by the pins with the wire soldered 

thereto is such in relation to the height of the relay 
proper and the housing that compliant silicone rubber 
pads 34 and 35, in addition to envelope 2, fills the in 
terior of the housing vertically. In this way, and more 
particularly because of intimate support by the sides of 
the housing, the relay and housing are a unified structure 
with respect to vibration and shock and there is no pos 
sibility of cantilever vibration and fatigue which has so 
characterized the structures of the prior art. 
The base 32 is shown provided with threaded studs 

36 set at diagonal corners for mounting purposes. Al 
ternately, these may be omitted and the pins 31 engaged 
in a miniature vacuum tube socket. Hermetic sealing is 
accomplished by soldering the case 1 and base 32 at the 
common seam. Introduction of a dry inert gas, etc., 
may also be accomplished according to known techni 
ques. 
We return to the fine structure of the hinge between 

the armature. 7 and magnetic element 5. As will be 
noted from Figs. 1 and 2 a deeper than structurally neces 
sary slot 37 is milled in armature 7 completely across it. 
A pin in the slot having a rotating fit is shown at 38. An 
equivalent slot is milled in the end extensions 39 of 
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4 
magnetic element 5 so that pin 38 may extend the full 
distance across the element. The outside tab of the end 
extensions is peened forward in assembly to hold pin 38 
fast in each extension 39. The lever action of spring 18, 
stop 19 and rod 17 creates a force to position armature 
7 and element 5 in relatively tight juxtaposition all along 
the mutual extent of each as denoted by joint 40 when 
the relay is not energized. When the relay is energized 
magnetic attraction holds armature 7 and magnetic ele 
ment 5 in intimate and extensive magnetic contact. The 
extra depth of slot 37 assures that joint 40 shall be the 
determining factor in this structure and not a restriction 
of the pin 38 of the hinge. In this way a novel low re 
luctance hinge is provided. 

It is desirable to have a small minimum air gap in the 
magnetic structure at times in order to prevent the arma 
ture from sticking after the magnetomotive force pro 
duced by current in the coil has ceased or has decreased 
to a desired value. This we accomplish by means of an 
adjustable piece of non-magnetic metal or durable plastic 
41, which has a vertically elongated hole under screw 42. 
This piece may extend at a right angle over the anvil of 
the magnetic element 5, as at 43 in Fig. 2, or may bear 
only on the lip 44 on armature 7, which lip also takes the 
upper end of spring 18. In either event it will be seen 
that the minimum gap of the armature to the remainder 
of the magnetic structure can be adjusted and thus the 
drop-out characteristic altered at will. It will be ap 
preciated by those skilled in the art that this direct ad 
justment of but a single air gap gives a desired sim 
plification and certainty of adjustment not found in re 
lays which do not have our low reluctance hinge. 
Where a single pole switch is desired, one or the other 

of switch contact means 13 or 14 may be omitted and the 
structure conveniently completed by substituting a piece 
of Bakelite or equivalent material. This material would 
not have the coacting pin 17, but we have found that the 
broad stabilizing effect of joint 40 prevents the armature 
from moving at an unwanted angle and causes it to pull 
up squarely with respect to the rest of the magnetic struc 
ture. 
A preferred embodiment of our invention has been 

described, the operating characteristics of which are well 
in advance of the prior art. Other embodiments are pos 
sible in accordance with the teaching of this specifica 
tion. One is a non-hermetic construction, for which we 
prefer to fasten the relay proper to other equipment or 
the chassis with which it is associated by screws at the 
top of element 5 and have thus provided tapped holes 45 
for this purpose. The relay may be mounted in any posi 
tion. 
Another embodiment concerns the switch contact 

means. This may be of any type, either spring biased or 
conventional. 

Various parts may also take different shapes and pro 
portions. The whole structure may be made very small 
or made larger than the figures herein. These have been 
made of relatively large scale for sake of clarity. 

Having thus fully described our invention and the 
manner in which it is to be practiced, we claim: 

1. In a compact electrical relay having electromag 
netic means including an armature and unitary multiple 
contact means actuated by said armature, the combina 
tion of a low reluctance hinge formed between said arma 
ture and the remainder of said electromagnetic means, 
said hinge having a pin structurally free to allow intimate 
and extensive magnetic contact between said armature 
and the remainder of said electromagnetic means, inde 
pendent of said pin and threaded means small with re 
spect to said unitary multiple contact means to alter the 
structural relation of said unitary multiple contact means 
to said electromagnetic means for adjusting the coactive 
relation between said unitary multiple contact means and 
said armature, said structural relation being such that said 
armature is in mechanical contact with said unitary mul 
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tiple contact means in both the electrical contact and non 
contact positions thereof. 

2. In a closely juxtaposed electrical relay having elec 
tromagnetic actuating means including an armature with 
joint, actuating means, Switch and restraining means dis 
posed in linear sequence and a unitary multiple switch 
actuated by said armature, the combination comprising a 
low magnetic reluctance joint formed between said arma 
ture and the stationary part of said electromagnetic ac 
tuating means, said joint having a pin structurally free of 
Said armature to allow intimate and extensive continuity 
of magnetic material between said armature and the sta 
tionary part of said electromagnetic actuating means 
independent of said pin, and plural threaded means small 
with respect to said unitary multiple switch to support 
Said unitary multiple switch to alter the structural rela 
tion thereof with respect to said electromagnetic actuat 
ing means for obtaining the required coactive juxtaposi 
tion between said unitary multiple switch and said arma 
ture, said armature thus adjusted being in mechanical 
contact with said unitary multiple switch both in the ac 
tuated and the non-actuated electrical positions of said 
unitary multiple switch. 

3. In a compact electrical relay having an actuating 
coil, a stationary magnetic structure coactive with said 
coil, a movable magnetic armature and a unitary mul 
tiple switch, the combination of a low magnetic reluc 
tance hinge formed between said armature and said sta 
tionary magnetic structure, said hinge having retaining 
means loose with respect to said armature to allow inti 
mate and extensive continuity of magnetic material be 
tween said armature and said stationary magnetic struc 
ture independent of said retaining means at said hinge, 
bracket means to support said unitary multiple switch in 
relation to said magnetic structure, and screw means 
small with respect to said unitary multiple switch engag 
ing said bracket means and bearing upon said unitary 
multiple switch to position the latter for actuation by said 
armature as moved by magnetic force arising from the 
flow of electric current in said coil, said armature posi 
tioned in mechanical contact with said unitary multiple 
Switch both in the actuated and the non-actuated elec 
trical positions of said unitary multiple switch, and said 
armature coactively disposed to include said hinge, actuat 
ing coil, mechanical contact and a restraining means in 
linear sequence. 

4. In an integrated electrical relay having a field-pro 
ducing actuating coil, a magnetic structure within and 
Surrounding said coil including a movable armature, and 
a fixed-throw unitary switch, the combination comprising 
a low magnetic reluctance armature hinge having a deep 
slot in said armature and a stationary pin loosely dis 
posed therein to allow said armature to assume extensive 
and intimate contact with the stationary portion of said 
magnetic structure at said hinge independent of said pin, 
plural brackets to support said fixed throw unitary switch 
in relation to said magnetic structure, and a screw small 
with respect to said fixed-throw unitary switch threaded 
into each of said brackets and bearing upon said fixed 
throw unitary switch to precisely adjust the latter in con 
stant mechanical contact relation to said movable arma 
ture for the electrical actuation of said fixed-throw uni 
tary switch by said armature, said armature coactively 
disposed to include said hinge, actuating coil, mechanical 
contact and a restraining spring in order therealong. 

5. An a unitary electrical relay having only one mag 
netic-field-producing actuating coil, a magnetic structure 
within and surrounding said coil including a movable 
armature, and two microswitches positioned to be ac 
tuated by said armature, the combination of a low reluc 
tance magnetic structure to armature joint having a pin 
attached to said magnetic structure and a deep slot in 
said armature loosely coactive with said pin to allow 
extensive and intimate magnetic contact between said 
magnetic structure and said armature at said joint inde 
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6 
pendent of said pin, two non-magnetic brackets to sup 
port said two microswitches in relation to said magnetic 
structure, and a Screw, small with respect to one micro 
switch, threaded into each of said brackets and bearing 
upon one microswitch to accurately adjust the position 
of each microSwitch with respect to said movable arma 
ture for precise actuation of said microswitches by said 
armature upon the electrical energization of said ac 
tuating coil, said armature positioned in mechanical con 
tact with said two microswitches both in the actuated and 
the non-actuated electrical states thereof, and said arma 
ture coactively disposed to include said joint, actuating 
coil, mechanical contact and a restraining spring means 
in linear sequence. 

6. In a closely juxtaposed electrical relay having elec 
tro-magnetic means including an armature, unitary multi 
ple contact means actuated by said armature, terminals, 
and a case, the combination of a low reluctance hinge 
formed between said armature and the remainder of said 
electro-magnetic means, said hinge having a pin struc 
turally free to allow intimate and extensive magnetic 
contact between said armature and the remainder of said 
electro-magnetic means independent of said pin, threaded 
means small with respect to said unitary multiple contact 
means, to alter the structural relation of said unitary 
multiple contact means to said electro-magnetic means 
for adjusting the coactive relation between said unitary 
multiple contact means and said armature, said armature 
positioned in mechanical contact with said unitary multi 
ple contact means both in the electrical contact and the 
non-contact positions thereof, said armature disposed to 
include said hinge, the magnetomotive-force-producing 
portion of said electro-magnetic means, mechanical con 
tact with said unitary multiple contact means and a 
restraining element in sequence therealong, structurally 
flexible means to connect the recited electrical elements to 
said terminals, and means to rigidly support all said 
elements within said case structurally independent of 
said terminals. 

7. In an electrical relay having a single actuating coil, 
a stationary magnetic structure coacting with said coil, 
a movable magnetic armature, a unitary multiple switch, 
terminals, and a rectangular-like case, the combination 
of a low reluctance hinge formed between said armature 
and said stationary magnetic structure, said hinge having 
a pin loose with respect to said armature to allow intimate 
and extensive continuity of magnetic material between 
said armature and said stationary magnetic structure at 
said hinge, bracket means to support said unitary multi 
ple switch in relation to said magnetic structure, screw 
means engaging said bracket means and bearing upon 
said unitary multiple switch to position the latter for 
actuation by said armature as moved by magnetic force 
arising from the flow of electric current in said coil, struc 
turally flexible electrical conductive means to connect said 
unitary multiple switch and said coil to said terminals, 
and non-yielding enclosing means to substantially Sur 
round the elements of said combination, said enclosing 
means adapted to rigidly support said elements within 
said case structurally independent of said terminals. 

8. In an electrical relay having only one magnetic 
field-producing actuating coil, a magnetic structure within 
and surrounding said coil including a movable armature, 
two microswitches positioned to be actuated by said 
armature, a rectangular parallelepiped housing, and in 
sulated terminals for external electrical connections in 
the base of said housing, the combination of a low 
reluctance magnetic structure to armature joint having 
a pin attached to said magnetic structure and a deep slot 
in said armature loosely coactive with said pin to allow 
extensive and intimate magnetic contact between said 
magnetic structure and said armature at said joint, two 
non-magnetic brackets to support said two microSwitches 
in relation to said magnetic structure, a screw threaded 
into each of said brackets and bearing upon one micro 
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switch to accurately adjust the position of each micro 
switch with respect to said movable armature for precise 
actuation of said microswitches by said armature upon 
electrical energization of said actuating coil, flexible wires 
to electrically connect said microSwitches and said coil 
to said terminals in said base, and a non-yielding electrical 
insulating envelope to surround the recited elements save 
said housing and terminals, said envelope adapted to 
fully support the surrounded elements within said housing 
structurally independent of said terminals. 
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