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This invention is concerned with the art of clectric

switches, particularly magnetic switches having a snap-
action. )

Whenever switch contacts in an electrical circuit carry-
ing a substantial load are moved to make or break the
circuit, there occurs a certain amount of arcing across
the contacts. This burns the contacts, deforms their origi-
nal optimum surface contour, and eventually changes the
operating characteristics of the switch to an cxtent that it
becomes inoperative. for its intended purpose. Various
expedients have been developed for actuating such
switches in a manner to cause a substantial snap-action
to minimize this arcing. Most attempts to solve the arc-
ing problem, and thereby extend the useful life of these
switches, have utilized spring-loaded elements and these
elements have created secondary problems due to their
susceptibility to fatigue and the difficulties encountered in
maintaining consistent contact alignment and pressure un-
der such conditions. :

Accordingly, it is an object of this invention to provide
an improved and simplified magnetic switch having a
snap-action.’

Furthermore, it is an object of this invention to provide
such a switch which has no components under substantial
compression Or tension, thereby eliminating most fatigue
malfunctioning thereof. )

It is another object of this invention to provide an im-
proved structural arrangement for a switch whereby a
magnetic actuator on one side of a rugged hermetically
scaled wall will control switch contacts within a hermeti-
caily sealed compartment on the other side of said wall.

Still another object of this invention is to provide an
improved structural arrangement for a very small switch
for all types of load requirements, and specifically adapted
for loads in the 10 to 20 ampere range.

A more specific object of this invention is to provide
an electric switch incorporating a pivotable permanent
magnet on one side of a barrier to control a pivotable
armature on the other side of this barrier. )

A further specific object of this invention is to provide

a switch with a rugged hermetically sealed non-corrosjve
contact chamber without organic contaminants therein
to facilitatc the provision of the optimum atmosphere
therewithin for the reduction of arcing, and thereby main-
tain predetermined operational characteristics at tempera-
tures up to 500° F. for periods substantially longer than
other prior art switch structures,
. These, together with other objects and advantages
which will become subsequently apparent, réside in the
details of construction and operation as more fully here-
inafter described and claimed, reference being had to
the accompanying drawings forming a part hereof,
wherein like numerals refer to like parts throughout, and
in which: )

FIG. 1 is a partially sectional perspective. view of a
switch incorporating the principles of this invention;

FIG. 2 is a partially sectional side elevational view
thereof;

FIG. 3 js a partially sectional front elevational view
thereof; '

FIG. 4 is a top plan view thereof;
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FIG. 5 is a bottom plan view of the actuator assembly
thereof;

FIG. 6 is an end elevational view of the actuator as-
sembly shown in FIG. 5;

FIG. 7 is a top plan view of the armature
the switch shown in FIGS. 1 to 3; k

FIG. 8 is a fragmentary partially sectional side ele-
vational view of the armature assembly shown in FIG.
7; and

FIG.9isa fragmentary perspective view of the actua-
tor assembly shown in FIGS. 7 and 8, with the ferrite
blocks and contacts removed to more clearly illustrate
the interlocking of the actuator assembly support ele-
ments,

Referring now in greater particularity to the drawings,
and first to FIGS. 1 to 4, there will be seen a switch con-
structed in accordance with the principles of this inven-
tion and designated generally by the numeral 1. ‘The
switch 1 includes four unitary subassemblies; the actua-
tor assembly 2, the armature assembly 3, the header as-
sembly 4, and the shell assembly 5. The switch 1 shown
is provided with threads 40, annular shoulder 41, and a
pair-of parallel flat surfaces 42 io facilitate the rigid
moisture-proof installation thereof into larger assemblies,
However, ‘this particular mounting adaptation forms no
part of this invention and those skilled in the art can
provide switches constructed in accordance with this
invention with various other mounting means.

The shell assembly 5 comprises a generally cup-shaped
body 6 formed from easily machinable nonmagnetic stain-
Iess steel, such as Standard Type Number 303, and four
flux buttons 7 hermetically sealed within four apertures
provided at the closed end of cup-shaped body 6. These
apertures are arranged in.the form of a rectangle, as best
seen in F1G. 4. Buttons 7 are in the form of small cylin-
ders of ferromagnetic stainless steel, such as Standard -
Type Number 416 of high permeability. Care must be
excrcised in assembling the buttons 7 with body 6 in
order to insure a hermetic seal therebetween which can
be indefinitely maintained at the wide temperature range
for which these switches are intended. A convenient as-
sembly process is to form the apertures in body 6 slightly
larger than the diameter of buttons 7 and to silver braze
buttons 7 in place utilizing the controlled clearance be-
tween buttons 7 and their respective apertures to form a
hermetic seal by the capillary action inherent in such a
method as is well known in the brazing art. It is sig-
nificant to note that in. order to preserve the corrosion
resistance of body 6 and buttons 7, a low melting tem-
perature silver solder, such as a compound of 45% silver,
24% cadmium, 16% zinc, and 15% copper, and a low
temperature brazing flux, such as that distributed under
the trade name “Handy Flux,” should be used. The
above-described solder compound is solid at 1125° F.
and liquid at 1145° F. The above-identified flux starts
to liquify and become active at 800° F. and is entirely
liquid and active at 1100° F." In this way, the silver
brazing of buttons 7 intobody 6 may be carried out by
a very short application thereto of a minimum of heat,
such as by RF induction heating at 1150° F. for 20 sec-
onds. The corrosion resistance characteristics of the en-
tirely stainless steel shell assembly are thereby retained.
While body 6 and battons 7 may be formed to size prior
to brazing, it has been found expedient to leave excess
metal on both sides of the body surfaces which receive
buttons 7 which are over-length when assembled.. Body
6 and buttons 7 are finished after brazing to provide
smooth flux free surfaces on both the upper and Jower
surfaces of buttons 7 and the surfaces of body 6 fiush
therewith. :

Referring further to FIGS. 1 to 4 and more specifically

asse'fnbly of
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to FIGS. 5 and 6, the finished actuator assembly 2 com-
prises; a permanent magnet 10 formed of a material such
as distributed under the trade name *“Alnico V,” two mild
steel pole pieces 8 formed into the configuration shown
in FIGS. 5 and 6 and a non ferrous protecting strip or
- cover 9 which surrounds the top and both ends of magnet
10 and pole pieces 8 to protect them from inadvertent
damage during handling and usage. This assembly is
formed by forming oversize pole pieces 8 to have an in-
terior angle “C plus 90°,” as best seen in FIG. 5, between
their flat side portions 27 and their depending actuating
portions 28; soft soldering polepieces 8 to magnet 10 at
a temperature below 700° F. in such a manner as to insure
that no substantial air gap exists between pole pieces 8 and
surfaces of magnet 10 adjacent thereto; finishing the top
and ends of this intermediate assembly to exact size; soft
soldering protective cover 9 to these three finished surfaces
at a temperature below 700° F.; finishing the remaining
surfaces of pole pieces 8 to provide a central transverse
channel and an angle A of approximately 20°; cleaning
the finished assembly; bright chrome plating the entire as-
sembly after copper and nickel undercoats; and thereafter
magnetizing the magnet in the direction to provide a N
pole at one pole piece 8 and a S pole at the other pole
piece 8. It should be noted, that at no time during the
fabrication of the actuator assembly does the temperature
of the magnet 10 exceed 700° F., thereby retaining the
required operational characteristics thereof.

Referring further to FIGS. 1 to 3 and more specifically
to portions of FIG. 8, the header assembly 4 comprises
two conducting contact pins 13, a center conducting pin
12, and an exhaust tube 14 integrally bonded within a
compressive-type glass insulator 16. Insulator 16 is sur-
rounded by a ring 15 also integrally bonded thereto.
Conducting pins 12 and 13 are stainless steel clad upon a
copper core, and exhaust tube 14 and-ring 15 are stainless
stee]l. The intermediate assembly comprising ring 15,
pins 12 and 13, tube 14, and insulator 16 hermetically
bonded together may. be procured commercially. How-
ever, to adapt this component for the purposes of this in-
vention, the upper end of pin 12 is flattened and a center
bearing pin 19 of stainless steel is resistance welded per-
pendicular thereto, as best shown in FIG. 8, and contact
pins 13 are flattened on their upper end and silver-cadmi-
um oxide-steel contact buttons 17 resistance welded there-
to. It will be noted that pin 19 is upset to provide a
larger diameter at the end 25 and thereby provide a bear-
ing shoulder thereon.

Referring further to FIGS. 1 to 3 and more specifically
to FIGS. 7 to 9, the armature assembly comprises two fer-
rite blocks 18, two silver-cadmium oxide-steel contact but-
tons 23, a silver-graphite bushing 20, a bracket 21 of sub-
stantially rigid beryllium copper and two mirror image
contact support leaves 22 also of substantially rigid beryl-
lium copper interlocked together. Leaves 22 are resist-
ance welded together to form a contact support arm and
contact buttons 23 resistance welded to each other through
an aperture in leaves 22, thereby integrally locking these
four elements together. The ferrite blocks 18 and bracket
21 are interlocked with leaves 22 by the insertion of bush-
ing 20 between the ears 30 provided at the upper ends of
leaves 22 when ears 30 are within a rectangular aperture
31 in bracket 21. Ferrite blocks 18 are formed from
a4 nickel-zinc ferrite selected for its characteristics of
high resistivity of 10° ohm-centimeters, Curie point above
500° F., high permeability at low flux density, and low
coercive force. Further, each side of ferrite blocks 18
is grooved at 32 to interlock with ears 30 of Jeaves 22 and
the inwardly sloping retaining edges 33 of bracket 21
when assembled therewith. It will be noted that bushing
20 performs the function of a locking pin to retain the
relative positions of the components of this assembly.
Bushing 2¢ is formed of silver-graphite and has an in-
ternal diameter approximately .001 inch larger than the
diameter of bearing pin 19 of header assembly 4 and

c

10

15

20

30

40

4

will thereforc freely pivot thereon with a substantial wip-
ing action when in actual use. It will be noted that the
flat upper surfaces of ferrite blocks 18 form an angle of
“180° minus B.” This angle is formed in practice by
the natural bowing of bracket 21, but may be formed by
bending a bracket of more rigid material through a suit-
able angle or by using a flat rigid bracket and forming
ferrite blocks 18 to have a top surface angled by one half
of angle B.

Referring further to FIGS. 1 to 3, the final assembly of
the four subassemblies described hereinabove will be set
forth. Armature assembly 3 and header assembly 4 are
cleaned; armature assembly 3 is slipped upon pin 19 of
header assembly 4 with one end of bushing 20 in contact
with the shoulder formed on pin 1% by upset end 25
thereof welded to center pin 12; retaining washer 24 is
placed on pin 19 in contact with the other end ‘of bushing
20; and the protruding end of pin 19 is deformed or
crimped at 29 to maintain the desired alignment between
these two assemblies. This results in the formation of an
armature-header subassembly.

Further, it will be noted that body 6 has an internal
shoulder 26 at the end thereof remote from buttons 7,
and that the distance from shoulder 26 to the internal
flat surface of body & which includes the inner surfaces
of buttons 7 must be carefully maintained.

The armature-header subassembly and shell assembly 5
are next carefully cleaned to remove any contaminants;
the armature-header subassembly then is inserted within
the generally cylindrical cavity of body 6 until the upper
flat surface of ring 15 mates with internal shoulder 26 of
body 6; and this position is maintained while ring 15
is silver brazed to body 6 by any convenient process, the
RF induction heating method described hereinabove with
respect to the joining of body 6 and buttons 7 being satis-
factory. It should be noted that no flux or other con-
taminants must be allowed to leak into the internal por-
tions of the contact chamber thus formed. Following
this assembly operation, this major assembly is placed in
an evacuated chamber heated to approximately 400° F.
for a period of several hours. It is to be noted that the
internal contact chamber is still open to the external
environment through exhaust tube 14. This major as-
sembly is then permitted to cool in a nitrogen atmosphere
and is cycled several times between nitrogen at 10 p.sd.
gage and a vacuum. Individual assemblies are next pres-
surized to 10 p.s.i. gage with a 93% nitrogen—7% helium
mixture and thereafter exhaust tube 14 is resistance welded
closed and the excess tube removed; or alternatively
crimped closed, cut, and capped with soft solder.

Following this, actuator assembly 2 is pivotally posi-
tioned upon this assembly with pins 11 inserted through

~ holes in body 6 and pole pieces 8, care being exercised
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so that no air gap exists between the top surface of
buttons 7 and the actuating portions 28 of pole pieces
8 immediately adjacent to buttons 7. It will be noted
that while the holes in body 6 are substantially the same
diameter as pins 11, the holes in pole pieces 8 are ap-
proximately .002 inch larger in diameter than pins 11
to provide for the necessary pivotal action therebetween.
Pins 11 are lightly staked in place at the end where they
are substantially flush with the flat surfaces 42 of body
6. It will be noted that while no air gap exists between
pole pieces 8 and buttons 7 whenever the actuator is in
either of the switch positions, there is always an air gap
of approximately .003 inch between the top surface of
the raised ferrite block 18 and the underside of buttons
7 substantially parallel thereto. This air gap is required
in order that the contact pressure between contacts 23
and 17 may be maintained even though a slight deforma-
tion thereof occurs during the operational life of the
switch.’

1t will be noted that in the assembled switch, the four
buttons 7 are opcratively divided into two pairs, each
of these pairs operatively associated with a single ferrite
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block 18 and the pair of depending actuating portions
28 of pole pieces 8 comprising one N pole and one S
pole which are closest thereto. Further, it will be seen
that magnet 10, pole pieces ‘8, buttons 7, and ferrite
blocks 18 form two magnetic circuits.

‘The operation of switch 1 will be apparent from the
-following description. Whenever actuator assembly 2
is in contact with a first pair of buttons 7, the ferrite
block 18 closest thereto and the entire armature assem-
bly 3 will be strongly biased in a first direction toward
said. first pair of buttons 7 to minimize the small parallel
air gap in this first magnetic circuit. At the same time,
the other:pair of buttons 7 are physically separated from
the actuator assembly 2 by the angular configuration
thereof and the other ferrite block 18 is separated from
said other pair of buttons 7 by a relatively large angular
air-gap. This second magnetic circuit having these sub-
stantial air gaps biases said other ferrite block 18 and
the entire armature assembly 3 toward said .other pair
of ‘buitons 7 in a direction opposite to said first direction.
From the above, it will be seen that one of these two
magnetic circuits is always much stronger than the other
whenever actnator assembly 2 is pivoted into direct con-
tact with shell assembly 5, and therefore, armature as-
sembly 3 will be rotated until a button 23 contacts a
corresponding button 17 to complete an external circuit
connected thereto, and thereafter retained in this con-
tact” position with a substantial contact pressure due to
the stronger of said two magnetic circuits.

The operation of switches constructed in accordance
with this invention is simplified since there are only two
moving parts, actuator assembly 2 on one_ side of the
closed end of shell assembly 5 and armature assembly
3 on the wother side thereof.

Alternative structures within the scope of applicants’
invention include an armature -assembly similar to that
described hereinabove, but with the followirig modifica-
tions: resilient conductive material substituted for the
rigid material for leaves 22; soft iron blocks substituted
for ferrite blocks 18; and non-conductive material sub-
stituted for the material for bracket 21 or the iron blocks
insulated therefrom by other insulating means, such as
coating the front, rear, and bottom of these iron blocks
with a ceramic material. It will be seen that with this
modification, the parallel air gap may be eliminated and
the contact pressure aintained by the resiliency of the
leaves. ) .

- Additional modifications of applicants’ devices include’
the use of a spot of soft solder between bushing 20 and
leaves 22 to improve the conductive characteristics of the
armature assembly, o

Further, it will be understood that the fabrication proc-
esses set forth hereinabove have been selected to mini-
mize alignment problems. However, all the elements
could be formed to exact size before assembly, provided
that sufficient care is eéxercised to maintain the precise
alignment of the component parts during assembly.

Although specific: materials and fabrication processes
have been set forth in describing an exemplary embodi-
ment of applicants’ invention, it is to be understood that

this embodiment is given by way of illustration and not
" limitation; changes and modifications in the details of
the apparatus can be made without departing from the
spirit of the invention as defined in the appended claims.

We claim: . ;

1. In an electrical switch, the combination comprising:
a supporting housing, said housing comprising a sealed
switching cavity and a rigid wall, said wall comprising
a body portion of non-magnetic material with four aper-
tures therein arranged in a generally quadrangular con-
figuration and an insert of magnetic material sealed with-
in each of said apertures; a magnetic actuator mounted
on said housing externally of said cavity for movement
between two switching positions, said actuator compris-
ing a permanent magnet having N and S poles, each of
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said poles having a pair of actuating portions, said ac-
tuating portions aligned so that one actuating portion of
each of said poles is in substantial contact with said
wall whenever said actuator is in one of said switching
‘positions, each of said actuating portions aligned with
-one of said inserts; an armature within said cavity sup-
ported by said housing for pivotal movement between
two switching positions, said armature magnetically as-
sociated with said” actuator - so that said armature as-
sumes a predetermined angular position for each of said
two switch positions, said armature comprising two sepa-
rate blocks of magnetic material, a non-magnetic support-
ing means for said blocks, and first contact means mount-
ed thereon; and second contact: means within said cavity
supported by said housing, whereby one actuating por-
tion of each of said poles of said magnet, two of said in-
serts, and one of said blocks form a strong magnetic
circuit to maintain contact between said first and second
contact means whenever said actuator is positioned in
one of said switching positions.

2. The .combination set forth in claim 1 wherein said
blocks have the characteristics of high resistivity, high
curie point, high permeability at low flux density, and low
coercive force.

3. The combination set forth in claim 2, wherein said
strong -magnetic circuit comprises a small ajr gap be-
tween said -two inserts and said block for every. position
of said armature,

4. The combination set forth in claim 1, wherein said
blocks are mild steel, ;

5. The combination set forth in claim 1 wherein said

_strong magnetic circuit comprises a small air gap between

said two inserts and said block for every position of said
armature.

6. In an electrical switch, the combination comprising:
a supporting housing, said housing comprising a hermeti-
cally sealed switching cavity and first and second rigid,
walls, said first wall comprising a body portion of non-
magnetic material with four apertures therein arranged in
a generally rectangular.configuration and an insert of mag-
netic material hermetically sealed within each of said aper-
tures; a magnetic actuator supported on a first axle mount-
ed on said housing externally of said cavity on one side
of said first wall for pivotal movement between two switch-
ing positions, said first axle having an axis, said actuator
comprising a permanent magnet having N and § poles and
a magnetic axis aligned parallel to said axis of said first
axle, said magnet having a pole piece integrally mounted
on each of said N and S poles, each of said pole pieces
having a pair of depending actuating portions, said actuat-
ing portions aligned so that one actuating portion of each
of said pole pieces is in substantial contact with said one
side of said first wall whenever said actuator is in one of
said switching positions, each of said actuating portions
aligned with one of said inserts; an armature within said
cavity supported on a second axle for pivotal movement
between two switching positions, said second axle having
an axis aligned parallel to said axis of said first axle, said
second axle mounted on.a pin supported by said second
wall, said ‘armature comprising two separate blocks of
magnetic material, a non-magnetic supporting means for
said blocks, a first.contact support means in contact with
said second axle, and first contact means mounted on said
first contact support means; and a second contact means
mounted within said cavity on a second contact support
means, said second contact support means supported by
said second wall, whereby one actuating portion of each
of said pole pieces, said magnet, two of said inserts, and
one of said blocks form a strong magnetic circuit to main-
tain contact between said first and second contact means
whenever said. actuator is positioned in one of said switch-
ing positions. _—

7. The combination set forth in.claim 6, wherein said
blocks have the characteristics of ‘high resistivity, high
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Curie point, high permeability at low flux density, and low
coercive force.

8. The combination set forth in claim 7, wherein said
strong magnetic circuit comprises a small air gap between
said two insets and said block for every position of said
armature.

9. The combination set forth in claim 6, wherein said
blocks are mild steel. o

10. The combination set forth in claim 6, wherein said
strong magnetic circuit comprises a small air gap between
said two inserts and said block for every position of said
armature.

11. In an electrical switch, the combination compris-
ing: a supporting housing, said housing comprising a her-
metically sealed switching cavity and first and second rigid
walls, said first wall comprising a body portion of non-
magnetic material with four apertures therein arranged in
a generally rectangular configuration and an insert of
magnetic material hermetically sealed within each of said
apertures; a magnetic actuator supported on a first axle
mounted on said housing externally of said cavity on one
side of said first wall for pivotal movement between two
switching position, said first axle having an axis, said ac-
tuator comprising a permanent magnet having N and S
poles and a magnetic axis aligned parallel to said axis of
said first axle, said magnetic having a pole piece integrally
mounted on each of said N and S poles, cach of said pole
pieces having a pair of depending -actuating portions, said

- actuating portions aligned so that one actuating portion
of each of said pole pieces is in substantial contact with
said one side of said first wall whenever said actuator is
in one of said switching positions, each of said actuating
portions aligned with one of said inserts; an armature
within said cavity supported on an electrically conductive
bearing for pivotal movement between two switching posi-
tions, said bearing having an axis aligned parallel to said
axis of said first axle, said bearing mounted on an elec-
trically conductive pin supported by said second wall, said
armature comprising two separate blocks of magnetic ma-
terial, a non-magnetic supporting means for said blocks,
an electrically conductive bushing concentric with said
bearing, a first contact support means in electrical contact

[43]

with said bushing, and first contact means mounted on
said first contact support means; and second contact means
mounted within said cavity on a second contact support
means, said second contact support means supported by
said second wall, whereby one actuating portion of each
of said pole pieces, said magnet, two of said inserts, and

- one of said blocks fonm a strong magnetic circuit to main-

10

15

20

30

40 .

tain contact between said first and second contact means
whenever said actuator is pivoted into one of said switch-
ing positions, and the pivotal motion of said bushing on

said bearing provides a substantial wiping action there- -

between.

12. The combination set forth in claim 11 wherein said
blocks have the characteristics of high resistivity, high
Curie point, high permeability at Jow flux density and
low coercive force. L

13. The combination set forth in claim 12, wherein said
strong.magnetic circuit comprises a small air gap between

said two inserts and said block for every position of said .

armature.

14. The combination set forth in claim 11, wherein said
blocks are mild steel. .

15. The combination set forth in claim 11, wherein said
strong magnetic circuit comprises a small air gap between
said two inserts and said block for every position of said
armature.
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