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ABSTRACT OF THE DISCLOSURE 

A miniature relay is provided including a sturdy, box 
like electromagnet unit mounted in spaced relation to a 
base. One side of the box-like structure includes ?rst and 
second pole pieces magnetically connected to the source 
of electromagnetic energy. An armature unit which com 
prises an armature and a contact actuating lever arm is 
mounted for rotation about an axis exterior to the di 
mensions of the armature. The armature is free of en 
gagement with the pole faces when the electromagnetic 
energy source is deenergized. When the source is ener 
gized, the armature moves through the air gaps between 
itself and the ?rst and second pole pieces respectively. 
One face of the armature contacts ‘both pole pieces, clos 
ing the magnetic circuit between them. In one form, the 
pole pieces have surfaces in a common plane. 

BACKGROUND ‘OF THE INVENTION 

This invention relates to relays, More speci?cally, it re 
lates to relays which may be compactly constructed. 
The use of miniaturized relays has become increasingly 

important in recent years. One application in which they 
are especially useful is where weight and space are a 
premium, such as in aircraft instrumentation. Require 
ments for successful operation in aircraft include small 
size, light weight, and reliability under adverse vibration 
conditions. In order to construct a reliable miniature re 
lay, it is not sufficient to construct the components of the 
relay so that they are smaller than components of prior 
relays. Maximum advantage must be taken of the elec 
trical and mechanical operating characteristics of the 
relay components. 

In a typical standard or miniature relay, a coil and a 
core are magnetically connected in series with pole pieces 
to attract an armature. When the coil is energized, the 
armature moves to close the magnetic circuit between 
the pole pieces and become magnetically connected in 
series with the core. Contact actuating means are me 
chanically coupled to the armature, and when the arma 
ture is moved by magnetic attraction to the core, the 
switching function of the relay is performed. Implicit in 
this basic operation of a relay are factors which con 
tribute to relay size. One major factor is the size of the 
gap through which the armature must travel to become 
magnetically connected in series with the core. This dis 
tance must be sufficient so that the cont-act actuating 
means mechanically coupled to the armature travel the 
necessary distance to move the contact from one position 
to another. If a relay is built so that the armature moves 
through a small air gap upon energization of the coil, 
the armature, and the contact actuating means must pro 
vide a su?icient mechanical advantage so that the con 
tact actuating means moves through a distance suf?cient 
to actuate the contacts. The magnetic ?eld produced by 
the coil must be powerful enough to attract the armature 
in such an arrangement. 

In a relay, a small air gap not only provides the ad 
vantage of compactness, but also provides for optimum 
use of the magnetic power developed by the coil. Since 
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attraction of an armature to a magnet versus distance 
from the magnet is an inverse square relationship, the 
closer an armature is maintained to a magnetic circuit, 
the more strongly it is attracted. 
While strides have been made toward decreasing the 

air gap between an armature and pole faces in prior 
miniature relays, this feature of relay design has not been 
optimized. In any application in which any desired air 
gap is to be maintained between an armature and pole 
faces, it is desirable that close tolerances in relay con— 
struction be maintained in mass'production. 

It is also desirable to maintain the armature in place 
as rigidly as possible once the coil is energized in order 
to keep the relay contacts closed when ,the coil is ener 
gized. This is facilitated by the use of a double mag 
netic air gap arrangement. In the great majority of prior 
art relays, a single gap arrangement is employed in which 
one end of the armature is always magnetically con 
nected to the core. In a double gap arrangement, the 
armature is free of engagement with the pole pieces when 
the coil is deenergized. When the coil is energized, ?rst 
and second pole pieces magnetically connected to opposite 
sides of the core attract the armature through ?rst and 
second air gaps. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a miniature relay of a construction in which close 
tolerances may be maintained in mass production. 

It is a more speci?c object of the present invention to 
provide a miniature relay in which the armature operates 
through a very small air gap. 

“It is another object of the present invention to pro 
vide a miniature relay which is rugged and simple in con 
struction and e?‘icient in operation. 

It is also an object of the present invention to pro 
vide a miniature relay in which a high mechanical ad 
vantage may be obtained ‘due to the construction of an 
armature and contact actuating means. 

It is a further object of the present invention to pro 
vide an improved relay construction. 

Brie?y stated, there is provided in accordance with one 
embodiment of the present invent-ion a miniature relay 
capable of being mass produced in which an armature is 
operated through a desired air gap which may be mini 
mized. A base on which contacts are mounted supports 
a box-like electromagnet unit including end plates which 
form opposite sides of the box-like structure. Pole pieces 
are magnetically and mechanically integral with the end 
plates and project into the space between them. A coil 
and a core, mounted to magnetically connect the end 
plates and provide electromagnetic energy. An armature, 
which is free of engagement with the pole faces of the 
pole pieces when the coils deenergize, is mounted to close 
the magnetic circuit between the pole faces when the coil 
is energized. In one form of the invention the faces of 
the pole pieces facing the armature have surfaces formed 
to de?ne a plane. The armature has corresponding por 
tions formed in a plane so that when the coil is energized, 
the opposing portions of the pole pieces and the arma 
ture come into contact over their entire opposing surface 
area. > 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and features of novelty which 
characterize the present invention are pointed out with 
particularity in the claims forming the concluding portion 
of the speci?cation. The invention, both as to its organiza 
tion and manner of operation, as well as further objects 
and advantages attained with its use may be further 
understood by reference to the following description taken 
in connection with the drawings. 
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In the drawings: 
FIG. 1 is an exploded view of a relay constructed in 

accordance with the present invention; 
FIG. 2 is a plan view of the relay of FIG. 1; 
FIG. 3 is a partial right side view of the relay of FIG. 

1 showing details of the pivot support means; 
FIG. 4 is an elevation of the embodiment shown in 

FIG. 1 (shown in phantom on FIG. 4) partially broken 
away to reveal details of the armature biasing arrange 
ment and further partially broken away to reveal details 
of the contact actuating mechanism; 
FIG. 5 is a partial left side view of the relay as seen in 

FIG. 3 showing details of the armature stop arrangement; 
FIG. 6 is a partial elevation of a further embodiment 

of the present invention; and 
FIG. 7 is a partial isometric view of FIG. 6 illustrating 

details of the armature supporting means. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is an exploded view of a relay constructed in 
accordance with the present invention. In the other ?gures, 
which point out details of the construction, the same refer 
ence numerals refer to the same components. A base 10 
is provided which may conveniently be rectangular in 
shape, and the preferred embodiment supports the con— 
tacts in relay structure. A channel 11 may be formed in 
the upper surface of the base 10 spaced from its perimeter 
for receiving a cover 12 (shown in cross-section in FIG. 
4) for hermetically sealing the relay. The base 10 carries 
contact sets 15 as well as internal and external leads 
and contacts therefor. The relay structure, brie?y stated, 
further includes an electromagnetic unit 20, which pro 
vides electromagnetic energy and an armature unit 25, 
which is operated by the electromagnetic unit 20 to actu 
ate the contact sets 15. 
The armature unit 25 is preferably L-shaped and in 

cludes an armature portion 26 having a face 27 which 
contacts the energized electromagnet unit 20. The arma 
ture unit 25 further includes and rotates with shaft 29 
having an axis of rotation which is exterior to the dimen 
sions of the armature 26. The shaft 29 is received in suit 
able bearings and support means described below. As the 
armature unit 25 rotates, a contact actuating portion 31 
included at the end 30 of an elongated lever arm 28, ex 
tending from the portion of the armature unit 25 adjacent 
the shaft 29, actuates the contact sets 15 in a conventional 
manner. 

Features of interest to be described below include the 
maintenance of a minimum air gap between the armature 
26 and electromagnet unit 20 and the formation of a 
planar surface in the side of the electromagnetic unit 20 
which opposes the armature face 27. 
A signi?cant feature of the present invention is the 

sturdy, box-like construction of the electromagnet unit 
20, which may be best understood with reference to both 
FIG. 1 and the plan view of FIG. 2. The box-like elec 
tromagnet unit 20 is maintained in spaced relation to the 
base 10 by any suitable means. The suitable means of 
the present embodiment comprises a plurality of posts 
35, each of which is mounted opposite a corner of the 
electromagnet unit 20 and are supported in the base 10. 
A pair of magnetically conductive end plates 40 and 

42 form ?rst and second opposite sides of the box-like 
structure. First and second pole pieces 44 and 46 extend 
respectively from edges of the end plates 40‘ and 42 into 
the space between them to form a portion of the third 
side of the box-like structure. The pole pieces 44 and 46 
are magnetically conductive and also preferably integrally 
formed with and perpendicular to the end plates 40 and 
42, respectively. It is this third side of the box which the 
face 27 of the armature 26 contacts when electromagnet 
unit is energized. The pole piece 44 has a front face 41 
facing the armature 26 and a rear face 45. Similarly the 
pole piece 46 has a front face 43 and a rear face 47. 
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4 
The third side of the box-like structure is completed by 
a ?rst non-magnetic spacing means which comprises a 
backup plate 51 which is preferably of the same vertical 
dimensions as the pole pieces 44 and 46 and secured to 
their rear faces 45 and 47. The box-like structure is com 
pleted by a second non-magnetic spacing means compris 
ing a stop plate 52 mounted to the edges of the end plates 
40 and 42 remote from the pole pieces 44 and 46. 

Electromagnetic energy is provided by a coil unit 55 
which is mounted on a core 56 and mounted between the 
end plates 20. The coil 55 is positioned between the end 
plates 40 and 42 and the core 56 is received in apertures 
57 and 58, respectively formed in the end plates 40 and 42. 
A pair of leads 60 and 61 extend from the coil to ap 

propriate terminals on the base 10 to provide for energi 
zation of the electromagnet unit. 

In the unit thus described, the pole face 41, end plate 
42, core 56, and pole face 43 are all magnetically con 
nected in series. When the coil 55 is energized, the flux 
emanating from the pole faces 41 and 43 causes the at 
traction of armature 26 through the ?rst and second air 
gaps between it and the pole faces 41 and 43, respectively 
so that when the armature face 27 contacts the pole faces 
41 and 43, the armature 26 completes the magnetic cir 
cuit therebetween. This arrangement is thus a double 
air gap magnetic circuit. 
A signi?cant feature of the present arrangement lies in 

the fact that the backup plate 51 and stop plate 52 prevent 
relative ‘movement between the pole pieces 44 and 46 and 
the end plates 40 and 42. Thus when the electromagnet 
unit 20 is energized and the armature face 27 rests against 
the pole faces 41 and 43, there will be no movement of 
the pole pieces 44 and 46 and end plates 40 and 42 tend 
ing to dislodge the armature 26 from its position even 
under adverse vibration conditions. In addition, since the 
electromagnet unit 20 comprises a unitary, box-like struc 
ture, it may be conveniently handled in mass production 
for manufacture to close tolerances. It should be noted 
that in the present construction, the coil unit 55 and core 
56 may be inserted in the electromagnet unit 20 after 
remainder of the box-like structure has been assembled, 
further facilitating ease of manufacture. 
A further feature of the present arrangement is the 

maintenance of a small air gap between the armature face 
27 and the pole faces 41 and 43. While the armature unit 
25 may be supported in any convenient manner, it is 
desirable to provide an arrangement in which the smallest 
buildup of tolerances during assembly is provided. There 
fore, in the present embodiment, the armature unit 25 is 
mounted to the electromagnet unit 20. For this reason, 
a substantially U-shaped pivot support means (shown as 
sembled in FIG. 3) 65, constructed of non-magnetic ma 
terial, is provided. A transverse portion 66 is secured to 
the lower edge of the pole pieces 44 and 46 and bearing 
support portions 67 and 68 extend downwardly from its 
ends. The shaft 29 of the armature unit 25 is journaled in 
the bearings 67A and 68A. 

In order to provide for maximum compactness of the 
relay, the armature unit 25 is mounted so that the arma 
ture face 27 faces the pole faces 41 and 43 and the elon 
gated lever arm 28 extends between the base 10 and the 
electromagnet unit 20. The contact actuating portion 31 
is located at the end 30 of the lever arm 28 so that the 
maximum mechanical advantage from the rotation of the 
armature unit 25 and shaft 29 in bearings 67A and 68A 
is obtained. 
The armature 26 is forced free of engagement with the 

pole faces 41 and 43 when the coil 55 is deenergized, by 
contact restoring forces and a biasing means 70 con 
structed in accordance with the present invention to be 
described below. Also, upon energization of the coil 55, 
diversion of magnetic ?ux lines through portions of the 
armature 26, which would weaken its attraction to the pole 
faces 41 and 43, is prevented. 
The requisite minimum distance which must be main 
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tained between the armature face 27 and the pole faces 
41 and 43 is that which is necessary to prevent any pro 
jecting imperfections from the surface of either of those 
elements from contact with the other. This requisite dis 
tance may be minimized in accordance with the present 
invention by forming the pole faces 41 and 43 to have 
surfaces in a common plane, forming a planar surface 
on the armature face 27, and aligning the armature 26 so 
that its face 27 contacts the pole faces 41 and 43 in the 
common plane. This planar arrangement is further advan 
tageous in that it permits a maximum surface area of con 
tact of the armature 26 and electromagnet unit 20 so as 
to minimize the effective reluctance of the magnetic cir 

cuit. Furthermore the magnetomotive force 6? supplied 
from the electromagnet is most ef?ciently utilized as seen 
from the equation: 

where 956, is the ?ux available in the air gap, R0 is the 
closed gap reluctance (which can be minimized by ample 
pole and armature face geometry), x is the gap between 
the armature and pole faces and A is the effective area 
of the opposing faces. Large values of x serve to reduce 

available ?ux ¢G for an available According to Max 
well’s law the force ‘ 

When ¢G is reduced (for an increasing x and a given (:7) 
the force required to do the required mechanical work is 
rapidly diminished with large air gaps. For the foregoing 
reasons, the use of small air gaps is desirable. This further 
assures that the electromagnet unit 20 is suf?cently strong 
to operate the armature unit 25 which has a large mechan 
ical advantage due to the short travel of the armature 26 
and the longer travel of the elongated lever arm 28. The 
box-like structure of the electromagnet unit 20 facilitates 
its handling during the formation of the common plane 
of the pole faces 41 and 43, which may, for example, be 
accomplished by electrolytic grinding. 

Referring now to FIGS. 1 and 4, the biasing means 70 
comprises a substantially V-shaped non-magnetic, that is, 
a high magnetic reluctance, spring positioned in the space 
between the backup plate 51 and the armature 26. The 
spring 70 includes a ?rst leg 71 having projections 73 and 
74, which are received in an aperture 75 formed in the 
center portion of the backup plate 51 and a second leg 
72 including a portion abutting the armature face 27. Firm 
anchoring of the spring 70 is provided by the projections 
73 and 74, which secure it against up and down move 
ment. By making leg 71 extend beyond projections 73 and 
74, the extension 71A and leg 71 are flat and by position 
ing 71 and 71A flush with the backup plate 51, rotational 
movement of the spring 70 about an axis drawn through 
the length of the leg 71 or an axis drawn across the spring 
at the intercept of projections 73- and 74 and the begin 
ning of extension 71A is prevented even under adverse 
vibration conditions. The design provides freedom from 
spring rotation in two dimensions and freedom of lineal 
spring movement in two dimensions. The present con 
struction obviates the need for welding the spring 70 in 
place. Not only does this provide convenience in assem 
bly, but, since welding tends to change spring character 
istics, uniformity of spring operation over a large number 
of relays is maintained, The compressible V-shaped spring 
thus is self-retaining by friction and compression forces 
by resort to mechanical projections, positioning, etc. and 
provides a ?xed bias to hold the armature lever arm and 
contact actuator away from the contacts when the coil 
is deenergized and the structure is shocked. 
The present invention also conveniently provides for 

limiting the distance of the armature 26 from the deener 
gized electromagnet 20 to maintain the desired minimal 
air gap. As stated above, and as illustrated in FIGS. 1, 4, 
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and 5, in the preferred form, lever arm 28 extends below 
the electromagnet unit 20. The elongated lever arm 28 is 
arranged so that its end 30 moves up toward the stop plate 
52 as the armature 26 moves away from the electromagnet 
unit 20. In order to limit the upward motion of the lever 
arm 28 and thus determine the air gap, an arm 81 inte 
grally formed with the stop plate 52, extends from its 
lower portion and includes a stop 80 which is positioned 
to engage the lever arm 28. The stop plate 52 and arm 
81 are preferably constructed of a substantially non 
deformable material so that the position of the arm 81 
may be adjusted to determine the desired air gap and, once 
set, remain in position. 
For a better understanding of the present invention, it 

should be noted that the above-described construction is 
markedly different from other arrangements in which 
small air gaps are maintained. In the common rotary 
armature arrangement, two pole pieces, which are roughly 
analogous to the pole pieces 44 and 46, are supported 
above a base and an armature is pivoted around a vertical 
axis which lies in the center of the space between the pole 
pieces. The rotary armature closes the magnetic circuit 
between them by contacting the front face of one pole 
piece and the rear face of the other. In such an arrange 
ment, the faces of the pole pieces which contact the arma 
ture do not lie in the same plane and are not susceptible 
to a single machining operation by which a surface for 
armature seating is provided, Similarly, armature faces 
lie in two planes rather than one. 

In accordance with a further embodiment of the in 
vention, illustrated in FIGS. 6 and 7, an armature unit 
125 is provided which is similar to the armature unit 25 
but does not include the shaft 29. The armature unit 125 
is supported in the same spaced relation to the electro 
magnet unit 20 by an armature unit support hinge 132 
rather than a pivot support means 65. The armature unit 
support hinge 132 is a substantially L-shaped hinge mem 
ber having a ?rst leg 135 secured to the electromagnet 
unit 20 at a point below the pole pieces 44 and 46 and a 
second leg 136 secured to the armature 126. The leg 135 
is “sandwiched” between non-magnetic supporting bracket 
137. Bracket 137 is attached to and positioned transverse 
of the lower edges of the pole pieces 44 and 46 and also 
to a non-magnetic support piece 138 by welding. The leg 
136 is sandwiched between face 127 of the armature 126 
and a support piece 139, and secured to the armature face 
127. While the support hinge 132 could itself be welded 
in place, use of the support pieces 138 and 139 are pro 
vided to obviate the need for welding of the support hinge 
132 itself so as not to deleteriously change its spring char 
acteristics. 
The armature unit support hinge 132 is deformable in 

response to ‘the magnetic force exerted by the electro 
magnet unit 20 on the armature 126. When the coil 55 
is energized, the armature unit 125 rotates about an axis 
external to the dimensions of the armature 126 so that 
the armature face 127 engages the pole faces 41 ‘and 43 
in the desired manner. In using the spring hinge, the 
spring is deformable and serves to ‘act as the restoring 
force in lieu of spring 70 of FIG. 1 and does align and 
maintain position of the armature 125 with respect to 
magnetic unit 20. 

While preferred forms of the invention have been shown 
and described in detail, and various alternatives have 
been stated, the speci?cation has been written with a view 
toward enabling those skilled in the art to make many 
‘modi?cations consistent with the scope of this invention. 
What is claimed as new and desired to ‘be secured by 

Letters Patent of the United ‘States is: 
1. A miniature relay comprising: 
(a) a base supporting at least one pair of operable 

contacts; 
(b) ?rst and second magnetic end plates forming op 

posite sides of a box-like structure ‘and ?rst and sec 
ond magnetic pole pieces projecting respectively from 
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said ?rst and second end plates into the space between 
them, said pole pieces having front faces and rear 
faces and upper and lower edges above and below 
the front and rear faces; 

(c) means for providing electromagnetic energy 
‘mounted between said end plates, and means com 
prising a core magnetically connected in series with 
said end plates and a coil mounted on said core; 

(d) an armature unit comprising an armature ‘and an 
elongated lever arm, said armature having a face for 
mating with the front faces of said ?rst ‘and second 
pole pieces through respective air gaps and said 
elongated lever arm having a portion for operating 
said contacts; 

(e) nonmagnetic means for maintaining said end 
plates and pole pieces in spaced relation; and 

(f) means for supporting said armature so that said 
armature rotates ‘about an axis external to the area 
de?ned by said armature and transverse of said front 
faces in response to said provided electromagnetic 
energy so that the face of said armature mates with 
front faces of said ?rst and second pole pieces to 
close the magnetic circuit therebetween. 

2. A miniature relay according to claim 1 wherein 
said non-magnetic means comprises a ?rst spacing means 
constructed of nonemagnetic material for maintaining said 
pole pieces in spaced relation, said ?rst spacing means 
being positioned so as to leave the front faces of said 
pole pieces uncovered, and a second spacing means con 
structed of non-magnetic material ‘for maintaining the 
edges of said end plates away from said pole pieces in 
spaced relation. 

3. A miniature relay according to claim 2 wherein the 
front faces of said ?rst and second pole pieces are formed 
so as to be in a common plane and the face of said armature 
includes a surface formed to de?ne a plane, said armature 
being aligned to contact said pole pieces in the common 
plane. 

4. An arrangement according to claim 2 further com 
prising: 

a substantially V-shaped non-magnetic resilient biasing 
means positioned in the space between said ?rst 
spacing means and said armature for biasing said 
armature to a position of angular rotation about said 
axis so as to be free of engagement with said pole 
pieces. 

5. A miniature relay according to claim 4 wherein: 
(a) said ?rst spacing means comprises a backup plate 

extending across the space between said pole face 
pieces and being secured at its ends to the rear faces 
of said pole pieces and having an aperture formed in 
its central portion; and 

(b) the ?rst leg of said biasing means is flat and rests 
against said backup plate and extends above said 
aperture for preventing rotation of said biasing means 
and further includes a projection being received in 
said aperture for retaining said biasing means in place, 
whereby relative movement between said resilient 
biasing means and said backup plate is prevented. 

6. An ‘arrangement according to claim 2 wherein said 
supporting means comprises a substantially U-shaped 
bearing support constructed of non-magnetic material hav 
ing a transverse portion mounted to the lower edges of 
said pole pieces parallel to the axis of rotation of said 
armature and ?rst and second arms projecting down 
wardly from the ends thereof, each of the arms including 
1a bearing, and a shaft secured to said armature unit, the 
end of said shaft being received in said bearings. 
7. arrangement according to claim 2 wherein said sup 

portmg means comprises hinge means consisting of a sub 
stantially L-shaped member constructed of non-magnetic 
material and having a ?rst leg supported to the lower edges 
of said pole pieces and a second leg secured to said armature 
unit, said armature unit being aligned with respect to said 
hinge means and spring biased thereby so that the face of 
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8 
said armature is maintained in spaced relation with said 
pole faces when said coil is deenergized, said armature 
responsive to said provided electromagnetic energy when 
said coil is energized to deform said hinge ‘and permit 
the face of said armature to contact the front faces of 
said pole pieces. 

8. A miniature relay according to claim 2, wherein 
said lever arm is mounted for motion between said electro 
magnet unit and said base and said second spacing means 
comprises a stop plate mounted between the edges of 
said end plates away from said pole pieces, said stop 
plate limiting the movement of said armature unit when 
said coil is deenergized to determine the air gap between 
said armature and said pole pieces. 

9. A miniature relay according to claim 8 wherein 
said lever arm is shaped so that its end is at a greater 
distance from said base than said coil to minimize the 
distance fro-m the base to the coil and permit the actuating 
of contacts located between the end of said lever arm and 
said base. 

10. A miniature relay according to claim 9 wherein 
said contacts are mounted at a lesser distance from said 
coil than the said lever arm and said ‘end plates are 
mounted in spaced relation to said ‘base at a greater 
distance than said contacts. 

11. An arrangement according to claim 10, wherein 
said electromagnet unit is hermetically sealed in a cover 
structure secured to the upper surface of said base and 
power leads for said means for producing electromag 
netic energy and leads to said contacts extend from the 
other surface of said base. 

12. A miniature relay assembly including an electro 
magnet unit of box-like structure comprising in combina 
tion: 

(a) a base supporting at least one pair of operating 
contacts; 

(b) ?rst and second end plates supported in spaced 
relation to said base constructed of magnetic ma 
terial forming opposite sides of said electromagnet 
unit and ?rst and second pole pieces projecting re 
spectively from said ?rst and second end plates into 
the space between them, said pole plates having front 
and rear faces and upper and lower edges above and 
below said front and rear faces; 

(0) means for providing electromagnetic energy 
mounted between said end plates, said means com 
prising a core magnetically connected in series with 
said end plates and a coil mounted on said core; 

(d) a ?rst spacing means constructed of non-magnetic 
material for maintaining said pole pieces in spaced re 
lation, said ?rst spacing means being positioned so as 
to leave the front faces of said pole pieces uncovered; 

(e) a second means constructed of non-magnetic ma 
terial mounted to maintain the edges of said end 
plates remote from said pole pieces in spaced rela 
tion; 

(f) a substantially L-shaped armature unit compris 
ing an armature and an elongated lever arm having 
a portion for operating said contacts, said armature 
having a face for mating with the front faces of said 
pole pieces; and 

(g) means for pivotally supporting said armature unit 
mounted to a portion of said armature unit inter 
mediate said armature and said elongated lever arm 
and supporting said armature unit so that said elon 
gated lever arm extends between said base and said 
electromagnet unit, said armature ‘remaining free of 
engagement with said pole pieces when said coil is 
deenergized and de?ning ?rst- and second air gaps 
between the face of said armature and the front 
faces of said ?rst and second pole pieces, said arma 
ture unit rotating in response to the ?ux produced 
when said coil is energized so that said armature 
closes the air gaps between said ?rst and second 
pole pieces to complete the magnetic circuit there 
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between and so that said elongated lever arm oper 
ates said contacts. 

13. An arrangement according to claim 12 wherein 
the front faces of said pole pieces are formed to have sur 
faces in a common plane the face of said armature is 
formed to have a surface in a plane, and said armature 
is aligned to contact said ?rst and second pole pieces 
in the common plane when said coil is energized. 

14. An arrangement according to claim 13 further 
comprising means for biasing said armature to one posi 
tion of angular rotation about said axis comprising a 
mechanical spring position in the space between said 
electromagnet unit and said armature. 

15. An arrangement according to claim 14 wherein: 
(a) said ?rst spacing means comprises a backup plate 
extending across the space between said pole face 
pieces and being secured at its ends to the rear faces 
of said pole pieces and having an aperture formed in 
its central portion; and 

(b) the ?rst leg of said biasing means is ?at and rests 
against said backup plate for preventing rotation of 
said biasing means and further includes a projection 
being received in said aperture for retaining said 
biasing means in place, whereby relative movement 
between said resilient biasing means and said backup 
plate is prevented. 

16. An arrangement according to claim 15 wherein 
said pivot support means comprises a U-shaped support 
constructed of non-magnetic material and having a 
transverse portion secured to the lower edges of said 
end plates and ?rst and second arm extending downward 
1y from the ends of said transverse portion, each arm in 
cluding a bearing, and a non-magnetic shaft secured to a 
portion of said armature unit intermediate said elon 
gated lever arm and said armature, the ends of said shaft 
being received in said bearings. 

17. An arrangement according to said claim 15 where 
in said pivot support means comprises a substantially L 
shaped hinge member having a ?rst leg secured to the 
lower edges of said pole pieces and a second leg secured 
to said armature unit at a position intermediate said 
armature and said elongated lever arm, the position of 
said hinge means being aligned with the space between 
said pole pieces. 

18. A miniature relay including a base supporting 
at least one pair of operating contacts and an electro 
magnet unit supported in spaced relation to said base, 
said electromagnet unit including pole pieces having front 
faces, said pole pieces being magnetically connected to a 
source of electromagnetic energy and an armature unit 
comprising an armature and elongated lever arm for 
operating said contacts, said armature unit having a face 
contacting the front face of said pole pieces, said arma~ 
ture unit being pivotally supported so that said armature 
is free of engagement with said pole pieces when said 
source is deenergized and moves to close the respective 
air gaps between the face of said armature and said ?rst 
and second pole pieces and complete the magnetic cir 
cuit therebetween, non-magnetic means secured to said 
pole pieces and an armature biasing means comprising 
a non-magnetic mechanical spring positioned between 
said armature and said non-magnetic means for biasing 
said armature away from said pole faces. 

19. An arrangement according to claim 18 wherein: 
(a) said non-magnetic means comprises a backup plate 
extending across the space between said pole face 
pieces and being secured at its ends to the rear faces 
of said pole pieces and having an aperture formed 
in its central portion; and 

(b) the ?rst leg of said biasing means is ?at and rests 
against said backup plate for preventing rotation of 
said biasing means and further includes a projection 
being received in said aperture for retaining said 
biasing means in place, whereby relative movement 
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between said resilient biasing means and said backup 
plate is prevented. 

20. A miniature relay including a base supporting at 
least one movable and one stationary contact and an elec 
tromagnet unit supported in spaced relation to said base, 
said electromagnet unit including pole pieces having front 
faces, said pole pieces being magnetically connected to a 
source of electromagnetic energy, and an armature unit 
comprising an armature and an elongated lever arm for 
actuating said contacts, said armature unit having a face 
contacting the front faces of said pole pieces, said arma 
ture unit being pivotally supported so that said armature 
is free of engagement with said pole pieces when said 
source is deenergized and moves to close the respective 
air gaps between said armature and said ?rst and second 
pole pieces and complete the magnetic circuit therebe 
tween, said pivot support means comprises 

a hinge means consisting of a substantially L-shaped 
member constructed of non-magnetic material and 
having a ?rst leg supported to the lower edges of said 
pole faces and a second leg secured to said armature 
unit, said armature unit being aligned with respect to 
said hinge means so that the face of said armature 
is maintained in spaced relation with said pole faces 
when said coil is deenergized, said hinge means being 
deformable in response to the force of said source 
of electromagnetic energy means on said armature 
when said coil is energized so that the face of said 
armature contacts the front faces of said pole pieces. 

21. A relay assembly of box-like structure wherein two 
opposing sides of said structure comprise magnetic ma 
terial, one of the other sides comprising two magnetic 
pole pieces each having a planar face portion, a folded 
armature having a planar face portion of magnetic mate 
rial cooperating through a respective working air gap 
with each of the planar face portions of said pole pieces, 
said armature having an elongated actuating arm ex 
tending away from its planar surface portion, at least one 
pair of operable contacts, means comprising a source of 
magnetic ?ux mounted‘between said two opposing mag 
netic sides for providing a magnetic series circuit for ?ux 
flow from said source through one of said pole pieces 
through one of said working air gaps through the planar 
face portion of said armature through the other working 
air gap and the other pole piece to said source, said 
armature responsive to flow of ?ux to rotate about an 
axis extending below the planar face portions of each pole 
piece and which is-parallel to a line passing through and 
coplanar with said planar face portions so as to cause 
the armature to change the respective air gap dimensions 
identically and to operate said contacts. 

22. An arrangement according to claim 21 wherein the 
faces of said pole piece planar face portions are located 
in the same plane to insure equal working air gap di 
mensions with respect to said planar face portion of said 
armature. 

23. An arrangement according to claim 21 comprising 
means for biasing said armature to one position of angular 
rotation about said axis, said biasing means comprising 
a mechanical spring positioned in the space established by 
the separation of said pole pieces. 

24. An arrangement according to claim 23 wherein 
one end of said mechanical spring is physically constrained 
in three coordinates in the space established by the sep 
aration of said pole pieces and is physically urged by 
spring tension against the planar face portion of said 
armature at the other end. 

25. An arrangement according to claim 21 further com 
prising a U-shaped bearing support, a bearing mounted in 
each of the two arms of said support, and a non-magnetic 
shaft for rotating said armature in said bearings, said hear 
ing support having its body portion connecting its two 
extremity arms mounted directly beneath the planar faces 
of said pole pieces. 
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26. An arrangement according to claim 21 wherein said 
contacts are mounted beneath said box-like structure and 
said armature arm extends beneath said box-like struc 
ture to operate said contacts. 

27. An arrangement according to claim 26 wherein said 
box-like structure is hermetically sealed in a square cam, 
and the power leads for said source and the leads to said 
contacts extend beneath said box-like structure and out 
of said can through metal to glass to metal seals. 

28. A relay assembly of box-like structure wherein two 
opposing sides of said structure comprise magnetic ma 
terial, one of the other sides comprising non-magnetic 
material, the remaining side comprising two magnetic 
pole pieces each having a planar face portion separated 
by a non-magnetic material structure, a folded armature 
having a planar face portion of magnetic material co 
operating through a respective working air gap with each 
of the planar face portions of said pole pieces, said arma 
ture having an elongated actuating arm extending under 
the box-like structure, at least one pair of operable con 
tacts also supported under said box~like structure, means 
comprising a source of magnetic ?ux mounted between 
said two magnetic opposing sides for providing a mag 
netic series circuit for ?ux ?ow from said source through 
one pole piece through one of said working air gaps 
through the planar face portion of said armature through 
the other working air gap and the other pole piece to said 
source, said armature responsive to flow of ?ux to rotate 
about an axis which is parallel to and magnetically iso 
lated from said two faces of said remaining side, and 
which is oriented to cause the armature to change the 
respective air gap dimensions identically. 
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29. An arrangement according to claim 28 wherein 
said two pole piece planar face portions are located in the 
same plane to insure equal working air gap dimensions 
with respect to said planar face portion of said armature. 

30. An arrangement according to claim 28 comprising 
means for biasing said armature to one position of angu 
lar rotation about said axis comprising, said biasing means 
comprising a mechanical spring positioned in the space 
established by the separation of said two pole pieces. 

31. An arrangement according to claim 30 wherein said 
mechanical spring physically contacts said non-magnetic 
material structure at one end of the U and the planar 
face portion of'said armature at the other end of the U. 

32. An arrangement according to claim 28 further 
comprising a U-shaped bearing support, a bearing mount 
ed in each of the two arms of said support, and a non 
magnetic shaft for rotating said armature planar face 
portion in said bearings, said bearing support having its 
body-portion connecting its two arms attached beneath 
the faces of said pole pieces. 
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