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My invention relates. to electrical relays and partlcu-
Tarly to such having few parts to. enable economical manu-
facture of hlgh performance units of multiple nature.

While size and multiplicity per se do not lend novelty
to a.device it will be recognized subsequently herein that
1. have evolved embodiments directed to these ends which
have easily recognized advantages over the prior art.

When it was desired .to reduce the size of either a
single or a multiple relay structure in the past it has been
usual practice to merely scale down a prev1ous larger
‘embodiment. ~ This practlce results in certain of the parts
becoming so small that microscopes or magnifying glasses
have been required for the manufacture and assembly
thereof, - Such processing is expensive..

By a'wide departure from this technique I have been
able to make a small relay of very few parts, each of
which is relatively large, so that my device may be
easily and mexpenswely fabricated and assembled. Fur-
thermore, certain characteristics of my new structure are
such that an improvement in operating performance has
been achieved over the larger devices or even over the
scaled down versions thereof of the prior art.

In the embodiments composed of multiples of a single
relay-unit I have been able to achieve further simplifica-
tions and an mprovement in ithe performance of such de-
vices, -

Brleﬁy, 1 form an armature exoluswely of one piece of
spring magnetic material. - This is. provided with an elec-
trical contact, such as a small rivet of silver at the frée
end thereof and the other end:is rigidly fastened to a
stationary -magnetic assembly The latter has roughly
a U-shape, with the extremity away. from the rigid at-
tachment .of the armature adjacent to the free end of the
armature and near the contact thereon. A coil surround-
ing the stationary magnetic member intermediate the
extremities . thereof - provides _actuating magnetomotive
force to attract the armature; - A permanent magnet hav-

ing, for instance, the shape of a small cube, is positioned

ad]acent to.the contact of the armature and that magnet
is provided with a mating contact to that of the armature,
The attraction of the permanent magnet upon the arma-
ture causes the two contacts recited to remain normally
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closed. A third contact is‘located adjacent to the con-

tact on the armature but on the side thereof opposite to
the permanent magnet. The third contact makes con-
tact with the armature contact when the coil is energized.
Because .of the cantilever configuration of the. armature-

2

T am able to form a multicontact relay in compact form.
. An object of my invention is to provide a small elec-
trical relay of few and relatively large parts.

Another object is to provide a relay of superior char-
acteristics,

* Another object is to provide a relay structure suited, for
multlple embodiment.

Another object is to form a relay of such matenals
as to-attain novel electrical functioning and/or a simpli-
fied: mechanical structure.

Another object is to provide electrical relay means that
are easy and inexpensive to manufacture.

Other objects will become apparent upon reading the
following detailed speciﬁcation and upon examining the
accompanying drawings, in which are set forth by way

- of illustration and example certain embodiments of my

invention.

FIG. 1 shows an elevation of one unit of an embodi-
ment of my. invention with the base thereof in section,

FIG. 2 shows a plan view of two units of the same
embodiment,

FIG. 3 shows an elevation of a ferrite core embodi-
ment of my invention, and

FIG. 4 shows a plan view of a quadruple ferrite em-
bodiment.

In FIG. 1 numeral 1 indicates the base of my relay
structure. 'This is preferably of a magnetlc material,
such as iron or steel, while the portion 2 is a glass or
ceramic electrical msulatmg material, These two kinds
of materials are rigidly bonded together in the known
manner of the “header” construction in this art.” Em-
bedded in the glass material are plural header pins, of
which 3 and 4 are shown in FIG. 1.

. ‘The stationary magnetic path is provided mainly by
a bobbin structure. - This has an extremity 5, to which
armature 6 is nnldly fastened. The armature is formed

of ‘a magnetic spring material, of which I have found .

blue clock spring suitable. This is bent at a right angle’
at extremity 8 and is clamped between that extremity and
a backup plate 7 by suitable fastening means such as
rivets 8.

The stationary magnetlc path is further comprised of
central core 9, which is shown dotted in FIG. 2.. The
opposite extremity 10 is also. magnetically connected to
core 9.. Extremity 10 passes near armature 6, as may be
seen in FIG. 2. The gap here in a typical embodiment
may be of the order of eight thousandths of an inch.
FIG. 1 has been shown approximately four times full
size for clanty .

Coil 11, in the form of a multilayer soleno1d occupies

the .space on core 9 between extremities 5 and 10, and

prowdes actuating magnetomotive force when electnc

' current is passed through it. This coil may be wound to

55

magnetic assembly “and contacts and. the’ inherent . flex- :
ibility of the armature, a small but efféctive wiping action '

occurs at the contacts.
action is known. .

By staggering: the- positions -of plural such relay units
upon a mount of magnetic material I am able to sub-

The desxrabﬂ;ty ofm this’ w1p1ng
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stantially eliminate m’alfunoti'onin’g of one unit upon the

actuation of: an adjacent. unit. ~ By magnetic -material
herein I refer to one-having a permeablhty many tlmes
that of air. -

By employing a ferrite material for the statlonary mag-
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netic member 1 am able to attach contacts directly there-

to; the ferrite being an excellent electrical insulator while
still having the propertles of the defined magnetic' ma-*
terial. This results in a simplified mechanical ‘structure.

By widening the stationary ‘magnetic ‘member in an
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alternate embodiment and by providing plutal armatures ...

the usual impedance for 28 v. D.C. operation, or for
any other nominal voltage direct current operatlon Also,
shading. coil ‘shorfed turn 12, shown dotted in FIG. 1,
may be -employed . for alternatmg current operation.
Alternatmg current - operation is particularly easily
achieved in my relay, as will be explamed below.

- Because my armature 6 is so light in weight the op-
erate time to change from, normally closed to normally
open contacts (or vice versa) is very short. It is from
0.5 t0-0.7 millisecond in representatlve embodiments. The
weight of my armature is of the order of 70 to 80 mil-
ligrams. "The operate time of ordinary relays is ‘of thé
order of 3 to 5 milliseconds and the weight of the ordi-
nary armature, complete with contacting structure, etc v
as much as a half ounce (14 grams).

“Since the operate time of my relay is short the shading
coil 12 may be of relatively minor dimensions and proper
operatlon on- alternating current is easily accompllshed

~Coil 11 is insulated from stationary -magnetic members
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8,9 and 10 as usual.

tact on 'the armature is completed through the magnetic
assembly; ie., electrical contact. 14, armature 6 and the
magnetic assembly are all connected electrically,  As an
alternate  construction armature ¢ may be clamped’ be-
tween thin slabs of insulating material between extremity
5and backup plate 7. Asshown in FIG. 1, external con-
_nection 3 is welded or soldered to extremity 16 ‘and’ per-
- forms the dual function: of external conmection to con-
tact 14 and means to hold the forward end of the station-
ary ‘magnetic structure. T'wo other insulated external
Connections 15, 16 fasten the other end thereof and
also act as the external connections to coil 11, These
are shown dotted in. FIG. 2. - The stationary magnetic
structure is insulated as a whole from base 1 by a thin
slab of insulation 17.. Armature 6 is held away from
the pole piece extrenrnty 19 by the magnetic action of
_-permanent magnet 18. ‘This is in the shape of a short
¢ylinder in this embodiment and ‘it may be magnetized
with. the orientation of the poles in almost any way:
‘Armature. 6 is also given a mechanjcal bias to- assist. in
holding itsélf away from the pole piece. This is accom-
plished by proper forming of this part at the right angle of
the same. The electromagnet (coil and stationary mag-
netic structure) is sufficiently strong to surely - attract
armature .6 to pole piece 16 which current is passed
throuoh the ¢oil, despite the two restoring forces men-
tioned.

A silver contact 19 is screwed into. magnet 18, The
latter supports the pair by welded or soldered attachment
to header pin 4.

In a similar manner, normally open silver contact 20
is supported by another header pin 21. The air gap be-
tween this contact and the mating one 14 on the armature

_is larger than the gap between pole piece 10 and arma-
ture 6 because of the cantilever relation between the two.
Particularly if the armature is lengthened, this may be
made of the order of fifteen or more thousandths of an
inch and thus ‘qualify my relay to break heavier currents
‘than heretofore possible in such a small relay.

In the closing operation the attracted armature first
closes:‘contacts 14 and 20, - The ‘magnetic gap is made
such that it is still open when this contacting of the con-
tacts has been accomplished. - Magnetic force then pulls
the armature slightly further-toward pole piece 10, This
causes a slight curve to form in the armature and a slight
wiping action on the contacted contacts.. This provides a
highly desirable W1ping action on the contacted contacts
each time the relay is operated. On the return stroke the

relative flex1b1hty .of my thin armature causes inertia to

give a wiping action between contacts 14 and 19.
Excluding the header. pins and the base it is seen that

my relay is constructed of but five parts; the stationary

magnetic member, ‘the ‘coil, the armature, the magnetic

- normally closed contact and ‘the simple norma]ly open -

- contact. An equivalent relay of conventional form would
. have perhaps fifteen parts.

However, in this case particular
importance attaches to this because the. common con-
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11’ with opposite direction of turns as shown for the
particular reason that the magnetic material base 1 makes '
it possible to substantially eliminate an inductive kick in
one relay circuit because of energization of an adjacent
relay. Without this capability false or partial operation
of one relay upon the-actuation -of one -of ‘its neighbors -
is a known undesirable result of placing relays very close -
to each other. With my arrangement and the coils con--
nected correspondingly in parallel for a common return;
unwanted actuation does not.occur. A pulse of current

-"is'not induced in one coil circuit by actuation of an ad-
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“There is. a demand in the art for multiple relays when

- “these can be made small in size. A common housing for
_such a group is often ‘known as a “crystal case™ because
of prior art usage of such a case for mounting a'single
piezo electric crystal. I have found it possible to fit four
of my individual relays in such a case (as per FIGS. 1

arnd 2) whereas the art has prekusly only been able to:

. fit in two.

. The:dual ‘structure shown' in FIG 2 is 111ustrat1ve of )

my arrangement of any plurality of individual units com-
“monly mounted. In this figure the second relay is identi-
fied' by the same: reference numerals as the first with
the exception that each is “primed” (). .

It will be recognized that the second relay unit is turned
end for end with respect:to the first and may have the

armature placed - on the opposite side of the stationary

structure-as has been illustrated. - 1 place coils 11 and
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that a férrite may be used for this member.
- possible even farther structural 51mphﬁcat10ns

‘armatures.

]acent relay.

Rather than to employ the known Armco iron statlon—
ary magnetic member, which is a suitable material for
the embodiments of{FIGS 1. and-2,-1 have also found

Such em-
bodiments are shown in FIGS. 3 and 4. In: these, station-
ary magnetic member 25 is formed in one piece. ~Thisis
easily accomplished by the known method of compressing
the ferrite powder. in a smtably shaped “die and: ‘then .
sintering the resulting cake in an oven to give the known
ferrite magnetlc composition and sultable mechamcal
strength,

Ferrites are” known which have excellent msulatmg
propentles, from a hundred-thousand to one miltion ohms
per centimeter cube. - These:are the nickel-zinc type with
possible small amounts of manganese, cobalt-or copper as
representative of the former resistivity, and the mckel
alone type for the latter mentioned resistivity.

- Accordingly, T employ piece 25.as an’insulating frame
as well as for the stationary part of the magnetic circuit
and mount all the electrical circuits on it.
~. Piece 25 has one extremity 26, an opposite extremity 27
(giving a U shape) and a central projection or pole 28,
A coil 29, of the same general characteristics as coil 11
of the prior embodiment, is wound on a suitable form: or

in a self-supporting encapsulated form and is slipped down
‘over the central pole 28. “The latter is of elongated form
in order: that the quadruple form of the relay shown in -

FIG. 4, specifically, may ‘be’ accommodated. While .the
embodiment of FIG. 3 may be taken as the clevation view-
of FIG. 4 it also illustrates any embodiment froma single :
armature one to any desired multiple of .independent
The coil 29 is fabricated .of appropriate width
as noted in’ FIG 4-to accommodate the multiplicity . de- :
sired,
- Extremity 26 of the ferrite core is provided with - ‘one: .
metallized area 30 for each armature to be employed.

-'This may be a silver electroplating and the corresponding -
Other sputtering

armature 31 is. silver soldered thereto.
or metal-buildup metallizing may be employed. . The
armature 31 is again of blue clock spring or equivalent,
and is given a slight upward initial set that is exaggerated
in FIG, 3 for-sake of clarity.

. A similar ‘metallized. ‘area is ‘also included at 32 ot »

opposite extremity. 27 of the. ferrite, and this serves as a
normally open.contact. . A flexible connecting lead 33 is
shown connected thereto for an external connection. A
riveted silver contact 34 is provided in the free end of =
armature ‘31, as before, although this armature may be’
heavily s1lver plated on both s1des to give an equivalent
contact o

A U~shaped support 35 is prowded to hold the normal- )
1y closed contact 36 and permanent magnet 37. Support -

35 may. be a stout piece of metal wire that is.pressed or -

.molded into ferrite 25 near extremity 27. Since the fer-

rite is a good -insulator an electrical short will .riot be
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"37 and the magnet spot -welded ‘to support 35.

established -to the-other-contact 32. In this émbodiment

permanent magnet 37 is of rectangular form, having:a -

north -magnetic pole at-one end and a south magnetic-pole
at the-other as indicated by the “N” and “S” in FIG. 3.
Silver contact 36 may be welded or threaded into magnet
‘Flexible
lead 38.conmects‘to contact 36 for external connection
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thereof and flexible lead 39 to armature 31 to make the
common connection of the relay thereto.

The cantilever action  of armature 31 previously de-
scribed will be seen to apply to the embodiment of FIG, 3,
and even to a greater degree than before, Of course, the
proportions of either embodiment may be altered to give
‘any degree of such effects as will-be apparent from a
study of the figures, -

In FIG. 4 the same general structure described in con-
nection with FIG. 3 is to be found; but repeated four times
over, Thus, 1dent1fy1ng numerals have been given one,
‘two or ’rhree prime marks for corresponding elements.
It will be seen that this embodiment. differs from that of
'FIG. 2-°in that in FIG. 4 all the armatures 31,°31’, 31"
and 31'”, are actuated at once upon energization of coil
29, while in FIG. 2 separate coils 11, 11’, etc. may provide

) separate energization, -

In any of my embodiments I have found: the-contact-
ing function substantially free of “bounce” by means. of
oscxlloscoplc measurements. This is because of the wip-
ing action of the contacts, as has been described.

In FIG. 4 all of the contacts may be paralleled by car-
rying the areas 30 and 32 all across the respective ex-
‘tremity faces 26 and 27. ' In this way increased reliability
of operation and increased current carrying capacity may
be achieved. As shown in FIG. 4, with the separate con-
tacts along each extremity, each contact can be connected
to a separate circuit, although the actuation of all the
‘armatures is common because of the one coil 29. ' This
circuit is a four pole double throw switch. ~ With common
‘contacts the circuit is a single pole double throw switch.

In representatlve embodiments the power required for
actuation is of the order' of milliwatts.. Of course, for
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large embodiments switching many amperes’ the actuation .

‘power is of the order of watts.

By .employing Teflon insulated wire for ‘coils 11, 29,
etc.,, ‘the high temperature rating of these" relays is" in-
creased to several hundred degrees F. ‘

" Because the free length of the armature is short ‘when
the relay is actuated and the force of the permanent mag-
‘net is considerable when the relay is non-actuated, my re-
lay embodiments are’ superior in. withstanding undesned’

effects due to external vibration. " The light weight of the

armature is also-.a favorable factor in this performance

Various other modifications may be made in the ar-
rangement, size, proportions and shapes of the illustrative
embodiments shown and in certain substitutions of ‘éle-
ments from one_embodiment to another: without: depart—
mg from the scope of my invention.

Havmg thus fully described my invention and the man-
ner in which it is_to be practiced, I claim:

1. In a relay structure having one magnetic member
of an insulative ferrite material and, means to magnetize
said member for the actuation of said relay, plural arma-
tures. of magnetic spring material each. ‘rigidly fastened
to one extremity of said member to extend to the opposite
extremity of said member as a cantilever for attraction to
said member upon energization of said means to mag-
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netize, a magnet of fixed magnetomotive force adjacent

the free end of each said armature to attract the free end
of each said armature away from said opposite extremity
save when said means to magnetize is excited, a first con-
tact upon each said magnet, a second contact mating there-
with upon the free end of each said armature and a third
contact mating with said second contact oppositely to said
first contact, the spring of each said armature causing a
wiping actlon at each pair of mating contacts.

2. In a relay structure having a stationary magnetic
member and means to magnetize said member for the
actuation of said relay, at least one armature of spring
magnetically attractive material stiffly attached to one
extremity of said member to overhang the opposite ex-
tremity of said member as a cantilever for flexural attrac-
tion to said member upon energization of said means to

" magnetize, a permanent magnet adjacent to the free end
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of said armature positioned to hold said free end of said

armature away from said opposite extremity save when
said means to magnetize is excited, a first electrical con-
tact upon said magnet, a second electrical contact mating
therewith upon the free end of said armature and a third
electrical contact mating with said second contact op-
positely to said first contact, each pair of mating contacts

‘being given-a wipe. action upon coming together by the

flexural characteristic of said armature in combination
with ‘the geometry of said stationary magnetic member
and said armature as a magnetic circuit.

3. A relay structure comprising at least one magnetic
path, at least one spring armature, said armature attached
t0 ‘one extremity of  said ‘magnetic path and extending

‘over the other extremity of said path for magnetic attrac-

tion thereto, only one coil surrounding said stationary
path between the extremities thereof, an armature elec-
trical contact upon the free end of said armature, a first
stationary electrical contact adjacent to said armature on
the side of said -armature toward said stationary magnetic
path, a second stationary electrical contact adjacentto
said-armature contact on the side away from said station-
ary magnetic path, said first contact spaced to contact
said armature contact when said magnetic path is ener-
gized by magnetic flux and:to impart a shdmg motion to
said armature contact by virtue of the spring characteristic

‘of said armature, said second contact spaced to contact

said armature contact when said magnetic path is not
energized, and magnetic means adjacent said second con-
tact to attract said armature to said second contact when
said magnetic path is not energized. "

4." A relay structure comprising at least one stationary
magnetic path; at least one leaf spring armature, said
armature rigidly attached to one extremity of said sta-
tionary magnetic path and extending ovér and beyond the
other extremity of said path for magnetic attraction there-
to, only:one.coil of wire surrounding each said stationary
path intermediate the two extremities thereof, an armature
electrical contact directly upon the free end of said arma-
ture; a normally open stationary electrical contact aligned
w1th said armatuore :contact on the side of said armature
toward ‘said stationary magnetic path, a normally closed
stationary -electrical contact aligned’ with said armature
contact. on the side away from said stationary magnetic
path, said normally open contact spaced to -contact
said armature contact when: said coil is energized with
electric current and to impart a shdmg motion' to said
armature contact by virtue of the spring characteristic of
said armature as the magnetic attraction of said stationary
magnetic path is continued upon said armature, said nor-
mally closed contact spaced to contact said armature con-
tact-when said coil is not so energized, and a permanent
magnet adjacent said normally closed contact to attract
said armature to said closed ‘contact When said coil is
not so energized.

5. A multiple electric relay structure comprising plural
individual similar magnetically operated relays each hav- )
ing a coil and a magnetic circuit, a base of magnetic ma-

~ terial common to all said relays, each magnetic circuit of

adjacently mounted said relays oppositely mounted in
magnetic proximity to and on one side of said base,
each coil of adjacently mounted said relays having turns
wound in opposite directions in relation to said base, said
coils having a common electrical circuit; the recited mag-
netic configuration effective to inhibit spurious actuation
of a relay upon the actuation of an adjacent relay because
of the recited relation between the coil circuits and the
magnetic circuits of said multlple electric relay structure.

6. An electrical relay comprising a magnetic core of
ferrite, a coil upon said core, electrically conductive areas
formed upon extremities of said core, a conductive spring
armature attached to one said area upon one of said ex-
tremities, said armature formed for magnetic attraction
to said core upon the electrical energization of said coil
and to pass adjacent to the opposite of said extremities,
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A
-a.contact upon said armature at- said opposite extremity:to
-mate ‘with said conductive area thereon, means to sup-
.port -attached -to-said opposite -extremity, -a .magnet : at-
‘tached to said :means to support adjacent to said arma-

ture and across said armature from said conductive area .

- upon said opposite extremity, another contact mounted
-upon said means to support to mate with said -armature
-contact; said magnet coactive with said armature to"re-
tain said- armature in contact with said other ‘contact save
-when said coil is energized; in the recited structure said
ferrite acting as an msulatmg frame in addmon toa mag-
netic core. ..~
.- An electrical relay compnsmg an E-shaped mag-
-netic .core of a-nickel ferrité, a coil-on the middle arm
of said -E, one electrically. conductive area plated upon
-each of the outer arms of said: E, a spring steel armature
rigidly- and- conductively. attached to one said area upon
one said -outer arm, said armature formed to pass ad-
“jacent to ‘the middle arm -of said E for magnetic attrac-
tion- thereto . upon the- energization -of said coil with an
electric .current and also to pass over.said other outer
.arm, -a ‘contact upon said armature -opposite said other
-outer .arm- to.mate with the conductive -area -thereon
in a normally open contact configuration, means to sup-
port -attached to said other outer arm, a permanent mag-
net attached to-said ‘means to support adjacent to said
-armature and oppositely said nermally open contact con-
figuration, ‘a -normally closed contact mounted upon said
.magnet- to mate with said ‘armature contact, ‘said per-
‘manent -magnet -and’ a’ mechanical bias upon-said- arma-
ture coactive to retain said armature in contact with said
normally closed contact save when said coil is energized;
in the recited structure said ferrite acting as an msulatmg
frame in addition to-a magnetic core.
" ~8.- An electrical relay-comprising a high resmtmty fer-
nte ‘magnetic core-having two ends, magnetomotlve-pro-
ducing means upon said core, plural ‘separate metallized
areas-formed upon each said two ends aligned opposuely
one to the other; plural separate conductive spring arma-
tures each-attached to one-of said plural separate metal-
lized -areas upon one said end, each’said-armature formed
to.pass over an:aligned separate metallized area upon said
other end, :a- contact upon each said armature to mate
with said -aligned separate metallized area, a magnet ad-
jacent to each said armature and opposite to the mating
said aligned separate ‘metallized area, another “cortact
adjacent to each-said magnet-and ad]acent said contact
‘upon. each said -armature to mate therewith, means to
- support said magnets-and- said- other contacts from said

core, :each said ‘magnet coactive ‘with said armature ad- |

jacent to it to. retain said :armature against ‘said magnet
save when: said :magnetomotive-producing means is ener-
gized; said ferrite forming an insulating frame for the
“electrical .conductors attached thereto.

B 9 The electncal relay of claim 8 in which wthe metal-
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lized area upon each of said ends of the magneuc core

are common to the. said plural - sepa.rate armatures -to

.provide multiple operatmg elements to a smgle pole con-

tact of said relay..
10. A multiple electncal relay compnsmg an E-shaped

‘magnetic core of a zinc-nickel ferrite, an oval cross-sec-
_tion coil ‘upon the center arm of said E, plural separate

electrically - conductive -areas formed upon. each -outer

.arm of said E along the major axis of said oval coil and

aligned oppositely on one said outer arm with respect to
the: other, plural separate -armatures of spring conductor
firmly attached to said corresponding plural separate con-
ductive areas of one said outer arm, -each said armature
rectilinearly formed to pass over said center arm -of said -
E and also over an aligned separate conductive area upon -
said opposite outer arm, a contact upon each. said arma-

ture to mate with said aligned separate conductive area,‘_
plural means to support attached to said .opposite outer

~-arm, a permanent bar magnet attached to each said
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.means to support-adjacent’ to each .said - armature -and

opposite to the mating said aligned separate conductive
area, another contact attached to .each said magnet ad-
jacent- said contact upon each said armature to mate

therewith, each said magnet coactive with the said arma-

ture adjacent to it to-retain said armature against said
magnet save when said coil is energized; said ferrite core
constituting an insulating frame of said relay for all the
electrical conductors attached thereto. )

11. A multiple electric relay comprising plural mag-
netically operated relays each having a magnetic circuit
and means to actuate the same, a base of magnetic ma-

" terial common to all said relays, the magnetic circuit of
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each adjacently mounted relay oppositely mounted .in

magnetic proximity to .said base, 'said -means to actuate
of adjacently mounted said relays. constituted to-produce
magnetomotive -forces in -opposite directions -in relation
to said base, the recited magnetic configuration effective
to inhibit spurious.actuation of a relay upon the actua-
tion of an adjacent relay, and a mechanical configura-

‘tion in ‘which the various elements are mounted exclusive-
1y-on header pins embedded in an insulator having the -

electrical and physu:al properties. of glass, said msulator
disposed i in holes-in said common base.
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