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Our invention relates to a vacuum relay or switch of
special usefulness as a transmitting and receiving switch
in the communication field.

One of the objects of our invention is the provision
of a switch of the type described of low contact resist-
ance, and free of tendency to arc over.

Another object of our invention is the provision of a
small size, low operating power, 4-pole double throw
switch capable of safely handling comparatlvely high
voltages.

Another object of our invention is the provision of a
multi-polar vacuum relay in which the contact resistance
remains substantially constant for the life of the imple-
ment.

Still another object is the provision of a multi-pole
double throw switch with very few moving parts, but all
of these arranged in a vacuumized chamber to be oper-
ated by electro-magnetic means outside the chamber and
in which the energizing coil is readily replaceable with
ione of like or different characteristics.

Another object is the provision of a switch of par-
ticular usefulness in radio frequency work because of
very low inductance in its contact parts.

Still another important ob]ect of our invention is the
provision of a vacuum switch in which the electrical de-
mands in aviation use are fully met, as well as those
imposed by mechanical shock and vibration. This switch
may be immersed in an insulating liguid if the need
arises, since the external resistance path is lower than
the internal resistance.

A very important object of our invention is the pro-
vision of a switch which can be operated with no de-
pendence whatever upon surrounding atmospheric pres-
sure; and which can therefore be used with uniform
operating certainty and efficiency at any altitude either
in fixed or aircraft installations.

Other objects will be brought out in the following
description of the invention. We do not limit ourselves
to the showing made by said description ‘and the draw-
ings, since we may use variant forms of the invention
within the scope of the appended claims.

Referring to the drawings: :

Fig. 1 is a vertical sectional view taken in the long
axis of the switch.

Fig. 2 is an end elevation of our relay, the end wall
being partly broken away to disclose the underlying
parts. .

Fig. 3 is a detail on an enlarged scale, of part of the
armature assembly.

Fig. 4 is a perspective view on an enlarged scale of
a pair of contact points on their mounting brackets.

In terms of broad inclusion our switch comprises a
glass bulb closed on one end with a metallic wall to
form a vacuumized envelope. The wall is formed in
part by a ferrous cylindrical housing concentric with
the long axis of the bulb and on which the bulb is se-
cured by a copper seal ring, and in part by a copper
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transverse wall across the adjacent end of the housing.
The copper wall is brazed to the housing and forms the
bottom of a coil chamber therein, lying on the side op-
posite to the vacuum chamber. A ferrous cylindrical
core concentric with the housing is integrally united with
the copper wall, extending on one side into the vacuum-
ized chamber and on the other side in to the coil
chamber.

Coil means for energizing the core is disposed -in the
coil chamber of the housing, preferably being mounted
on the core itself. A cover plate closing the coil chamber
and housing is secured by a single screw into the end
of the core so that the coil may be quickly removed and
replaced.

Within the vacuumized chamber are a plurality of
groups of three contact rods, spaced apart and fixedly
mounted in the glass bulb. Each rod is provided with
leads external to the chamber and passing through the
glass bulb.

A disk or plate armature slidably mounted within the
vacuumized chamber is responsive to a. compression
spring in one direction, and tot he energized coil in the
opposite direction, and carries a dielectric disk on which
are mounted a pair of spaced contact points adjacent
each group of rods. The parts are so arranged that with
movement of the armature in one direction, one of the
contact points of each pair firmly engages the central
contact rod and one side contact rod of the adjacent
group of three rods; and with movement of the arma-
ture in the opposite direction, the other contact point
of each pair engages the same central contact rod and
the other side contact rod of the same group of rods.

The armature and dielectric disk are slidably but non- -
rotatably arranged on a tungsten stem rigidly fixed in the
inner end of the core and extending concentrically there-
with and with the long central axis of the implement into
the vacuumized chamber past the plane through the
central contact rods.

A compression coil spring is interposed between the
armature and the copper end wall of the vacuumized
chamber, and stop means on the free end of the stem
retains the contact points in open circuit position rela-
tive to the contact rods.

The energizing means for the core is a coil arranged
to fit closely over the core and entirely within the hous-
ing. When the cover plate is fastened in place by a
single screw the magnetic path around the coil is closed
so that magnetic efficiency is assured. Since the mov-
able contact points are insulated from their actuating
assembly, the latter and its connected housing is never
part of the controlled circuit which includes only the
fixed contact rods and the movable contact points. In
this construction no pigtails are necessary internally, no
electrical loops are set up, and clean contacts are as-
sured.

In greater detail, our vacuum relay comprises 2
vacuumized chamber 1, within a glass or other dielectric
bulb 2, closed at its base end with the copper wall 3,
brazed into the cylindrical ferrous housing shell 4. The
shell is joined to the glass bulb in hermetically tight
unions by the intervening copper seal 5, brazed to the
shell and united to the bulb edge in a well known metal-
to-glass seal.

A magnetic core 6 of ferrous metal is brazed to the
wall 3, extending on both sides of the wall and concen-
tric with the shell in the long axis of the implement. A
plate 7, secured to the core at its outer end, by a screw
8, provides a closure for the open end of the shell 4, with-
in which is the coil 9 for energizing the core. Lead wires
10 extending through insulating sleeves arranged in the
cover plate provide means for connecting the coil into
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a control circuit through external lead screws 11 which
extend through the side of the copper mounting flange 12
extending from the plate 7. It is noted that this arrange-
ment facilitates the replacement of the coil assembly
with the same or differing electrical values, without dis-
turbing the relay otherwise.

Adjacent the inner end of the core and within the
vacuum chamber is a ferrous armature disk 13 fixed on
a cylindrical copper sleeve 14, slidably mounted on ths
stem 16 extending rigidly and concentrically from the
end of the core, and prevented from rotation on the stem
by the stop pin 17 which engages a slot in the rim of
the armature.

A spring 18 surrounding the inner end of the core and
bearing against the wall 3 normally presses the arma-
ture and sleeve away from the core and against a fixed
stop 19 on the stem. The stop is conveniently a wing
collar spot welded to the end of the shaft in a position
to provide the critically accurate position of the ceramic
disk shown in Fig. 1.

The copper sleeve 14 is formed with a flange 21
against which a ceramic plate or disk 22 is firmly se-
cured by a nut 23, threaded on the end of the sleeve and
fixed thereon by distortion of the threads against the
nut.

The ceramic disk carries on its periphery four evenly
spaced groups of pairs of contact points. Riveted rigid-
ly by pins 27 around the perimeter of the ceramic disk
at 90° intervals, and arranged in pairs on opposite sides
of the disk, are four pairs of oppositely facing identical
tungsten bracket plates 28. Each plate is provided along
its outer edge with a substantially perpendicular flange
29; and the flanges on each pair extend across the disk
in opposite directions to provide a mount for the Inconel
U-shaped spring bracket arms 31. Two of these arms
oppositely arranged and opening inwardly toward each
other, are brazed or spot welded to the flanges of each
pair of plates 28; and at the free ends of each arm 31, a
short cylindrical tungsten contact point 32 is brazed.
These short rods constitute the eight movable contact
points of our switch. Inconel is used for the spring
bracket arms because it can be annealed, and hclds iis
shape; and most important of all, it retains its spring
tension after the bake-out of the implement. The func-
tion of the springs which mount the movable contact
points on the brittle ceramic disk is to cushion their im-
pact with the fixed contact rods and also compensate for
unavoidable minute imperfection in the setting of the
moving parts, thus contributing largely to a long opera-
tive life.

it will be observed that because of the mounting of
each pair of plates 28, the movable contact points of
each pair lie on opposite sides of and equally spaced from
a plane 33 perpendicular to the central axis 34 of the
ceramic disk and its shafts 16. This plane intersects the
glass envelope 2 in a line marking the locus of the axes
35 of the fixed contact rods which are sealed into the
glass wall of the bulb in groups of three. The exterior
parts 36 of these rods constitute leads for connection
with the circuits to be controlled. The axis of the en-
tire central rod 37 of each group lies in the plane 33,
which defines a position midway between the extended
and retracted positions of the armature assembly.

On the inside of the bulb, the central rod 37 is fiat-
tened on opposite sides in planes perpendicular to the
axis 34 of the implement. On the sides of the central
rod of each group are the side rods, each one sealed in
the glass wall of the bulb in a radial line, but inside the
bulb, bent to lie at right angles to the central rod in

end portions 38 and 39. These rods are flattened on one 7

side, rod 38 in planar alignment with the flat near side
of the central rod (as viewed in Fig. 2); and rod 39 in
planar alignment with the far flat side of the central rod.
The flattened ends of the contact rods provide contact
surfaces for line engagement by the cylindrical contact
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points 32 when the latter are moved by the armature
to open and close selected circuits.

Fig. 1 shows the parts with four circuits closed, the
armature assembly having responded to the pressure of
the spring 18, and moved out on the stem 16 against the
stop 9. With energizing of the coil 9, the armature as-
sembly is pulled back to seat the armature against the
rim of the housing shell, breaking the first four contacts
and closing four new ones. In each closing of a cir-
cuit, the engagement is that of a straight line on a cylin-
drical surface with a planar surface.

Because the movable points meet the fixed contact
rods firmly with direct linear motion, having no lateral
or grinding component, and in line contact within a
vacuum, there is a very minimum of wear and sparking,
50 that our relays have an extremely long useful life. Our
relay measuring about 4%4" in diameter by 4% long
and as illustrated and described herein is conservatively
rated for 10 amperes R. F. current and a static voltage
rating of 10,000 volts per contact. These are safe oper-
ating values. In our experiments we have operated cur
relays with 30 amperes and they will withstand static
voltages to 20,000 volts.

We claim:

1. A switch comprising a vacuumized envelope, a plu-
rality of spaced contact rods hermetically extending
through the wail of the vacuumized envelope 2nd con-
stituting terminal leads on the outside of the envelope
and fixed contact rods on the inside thereof, a fixed stem
inside the envelope, a movable resiliently supported con-
tact peint slidably arranged on the stem to selectively
engage resiliently and disengage the fixed contact rods,
and means to move the movably resiliently supperied
contact point to its selected positicn.

2. A switch in accordance with claim 1 in which the
contact point is a cylinder and the contact rods present
adjacent and aligned planar surfaces meeting the con-
tact point in line engagements.

3. A switch in accordance with claim 1 in which the
means for moving the contact point in one direction is a
compression spring within the vacuumized chamber and
for moving the contact point in the opposite direction
is an armature within the chamber and a magnetic coil
outside the chamber.

4. A switch comprising a vacuumized envelope, a
group of three spaced contact rods extending through the
wall of the envelope and constituting terminal leads on
the ouside of the envelope and fixed contact rods on the
inside thereof, a fixed stem inside the envelope, a dielec-
tric plate slidably arranged on the stem, a pair of spaced
contact points mounted on the plate to engage one of
the peints with the center rod and one side rod when
the plate is moved forward and engage the other point
with the center rod and the other side rod when the
plate is moved backward, and means toc move the plate
selectively backward and forward.

5. A switch in accordance with claim 4 in which the
means for moving the contact point in one direction is
a compression spring within the vacuumized chamber
and for moving the contact peint in the opposite direc-
tion is an armature within the chamber and a magnetic
coil outside the chamber.

6. A switch in accordance with claim 4 in which the
spaced contact points of the pair are resiliently mounted
on the dielectric plate.

7. A switch in accordance with claim 4 in which means
for moving the dielectric plate inciudes a magnetic coil
and means responsive thereto for effecting backward
mevement and a spring for effecting forward movement.

8. A swilch comprising a vacuumizad envelope having
a metallic end wall, a magnetic core integral with the end
wall and extending on both sides thereof, a stem within
the envelope and fixed on the core. a sleeve slidable on
the stem, an armature disk fixed on the sleeve, a compres-
sion spring interposed between the wall and armature disk
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and urging the armature away from the core, a dielectric
disk fixed on the sleeve, a contact point mounted on the
dielectric disk, a plurality of spaced contact rods extending
through the wall of the envelope and constituting terminal
leads on the outside of the envelope and fixed contaci
rods on the inside thereof in position to be engaged by
the contact point when the armature responds to the
spring, and a magnetic coil around the outer end of the
core for energizing the core to pull the armature toward
the core and disengage the contact point from the rods.

9. A switch comprising a vacuumized envelope, a group
of three spaced contact rods extending through the wall
of the envelope and constituting terminal leads on the
outside of the envelope and fixed contact rods on the
inside thereof, a fixed stem inside the envelope, a dielec-
tric plate slidably arranged on the stem, a pair of spaced
contact points within the envelope adapted to engage one
of the points with the center rod and one side rod when
the plate is moved forward and engage the other point
with the center rod and the other side rod when the plate
is moved backward, means for mounting the pair of con-
tact points on the dielectric plate comprising a pair of
like bracket plates fixed to opposite sides of the dielectric
plate, a flange on each bracket plate of the pair extending
in a direction opposite to the flange on the other plate
and U-shaped resilient bracket arm interposed between
the flange of each plate and its associated contact point,
and means to move the plate selectively backward and
forward.

10. A switch comprising a vacuumized envelope having
a metallic end wall, a magnetic core integral with the
end wall and extending on both sides thereof, a stem
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within the envelope and fixed on the core, a sleeve slid-
able on the stem, an armature disk fixed on the sleeve,
a compression spring interposed between the wall and
armature disk and urging the armature away from the
core, a dielectric disk fixed on the sleeve, first and second
contact points mounted on the dielectric disk, three spaced
contact rods extending through the envelope wall to pro-
vide fixed central and two side contact rods on the inside
thereof in such position that when the armature responds
to the spring the first contact point engages the central
contact rod and one of the side rods, and a magnetic coil
around the outer end of the core for energizing the
core to pull the armature toward the core to disengage
the first contact point and engage the second contact point
with the central contact rod and the other side red.
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