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9 Claims. (Cl 200—122)

Matter enclosed in heavy brackets £ 1 appears in the
original patent but forms no part of this reissze specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to delay switches.

Delay switching mechanisms have heretofore been dom-
inated by varied forms of the conventional clock escape-
ment mechanisms and synchronous motor mechanisms.
The aforesaid umnits are expensive to manufacture, cum-
bersome in size, and subject to stoppage and/or inaccuracy
because of dust or dirt accumulations within the moving
parts of the individual mechanisms. The conventional
clock escapement mechanism has further disadvantages
in that variations in ambient temperature adversely affect
the operation of the unit.

It is an object of the present invention to provide [aj
an improved delay switch which is compact in structure,
inexpensive to manufacture and positive in action.

It is a further object of the invention to provide [a}
an improved delay switch wherein the effects of ambient
temperature are minimized.

It is a further object of the invention to provide [aJ
an improved switch wherein variations of applied line
frequency of the electrical current operating the device
may be limited.

Other objects and advantages of the invention will be
apparent to those skilled in the art after a reading of the
following specification and the claims.

In general, the invention comprises a thermally operated
device, electrically actuated, and enclosed in an evacuated
or inert gas filled envelope, as hereinafter described with
reference to the accompanying drawings, wherein—

Figure 1 is a plan view, with the sealed envelope shown
partially in section, of one structure embodying the in-
vention.

Figure 2 is a view in projection of the structure em-
bodying the invention as illustrated in Figure 1.

Figure 3 is a plan view of an alternate structure em-
bodying the invention as enclosed in an envelope.

Figure 4 is a plan view of the invention including an
inductance provided for frequency limit control.

Similar reference characters are utilized in the above
described views, to indicate corresponding parts.

Referring to the drawing in detail, character 10, rep-
resents a sealed envelope, preferably formed from a hard
glass such as Nonex or Pyrex. Several connmector pin
leads of a conductive material known to the art and illus-
trated as A, B, C, D, E, F and G are sealed through the
envelope wall to provide means for obtaining electrical
circuit connections between the operative elements within
the envelope and an appropriate electrical circuit located
without the envelope.

The switch 14, within the envelope of Figure 1, com-
prises a base member 12, of an insulation material, to
which is secured a first bi-metallic element 16 and a sec-
ond bi-metallic element 18. The first and second bi-
metallic elements are substantially identical in size and
are mounted upon said base in parallel planes to provide
similar warping action of the elements with variations in
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temperature of the volume immediately adjacent the ele-
ments under “normal” conditions.

The first bi-metallic element is provided with an elec-
trical heater element 20 formed of a resistive material
such as Nichrome wire. An insulating member of a ma-
terial such as mica, 22, is positioned between the heater
element 20 and the first bi-metallic element 16, electrically
insulating the bi-metallic element from the electrical cir-
cuit.

Heater element 20 is provided with terminal ends 24 and
26, which are connected to pin leads A and B by means
of wires 28 and 30 respectively, providing an electrical
circuit path from without the envelope to the heater ele-
ment. ;

The switch structure further includes a spring yoké 32
secured to the second bi-metallic element 18. The spring
yoke is provided with an aperture 34, through which is
fitted a spring holder 36, the remote end whereof rests
upon the second bi-metallic element 18. A spring element
38 formed with a tongue member 40, which may be ad-
vantageously formed as a cutout of the central portion of
the spring element, and having a recess adapted to accept
spring holder 36, as at X Figure L1} 2 is positioned to
pivot about the spring holder arm 36. The spring element
38 at the recess X seats on the spring holder 36 so that the
latter forms a fulcrum for the spring element. Tongue
member 40 is positioned in a recess formed in the under-

_side of yoke 32 to form a tensioning bias away from said

tongue and toward said second bi-metallic element 18.
A first contact point 42 is secured to spring element 38
at or near the extremity thereof remote from yoke 32,
and is adapted to contact a second fixed contact point 44
in “normal” position, and a third fixed contact point 46,
also mounted in base 12, when spring element 38 is flexed.
Contactor 42 is provided with an electrical circuit path
to the exterior of the envelope through tongue 40, spring
yoke 32 and wire 48 and pin E. Contact point 44 is pro-
vided with an electrical circuit path to the exterior of the
envelope through wire 50 and pin D, and contact point
46 is provided with an electrical circuit path to the exterior
of the envelope through wire 52 and pin F.

Bi-metallic element 16 is further provided with a
threaded screw member 53, which extends through a
thread formed in said element and rests against one €x-
tremity of spring element 38, as at the extremity remote
said contact point 42. Use of the threaded screw member
permits adjustment of the delay action of said switch, as
will hereinafter be described.

Retention of the base within the envelope may be ac-
complished by supplying the base member with a concave
collar around which the envelope may be formed as shown
at Y of Figure 1.

An alternate structure embodying the invention, as il-
lustrated in Figure 3, comprises a sealed envelope 103,
having a plurality of pins A’, B’, C’, D’, E’ and ¥’ and
G’ sealed through the envelope wall. A base member
12a, of an insulation material, is secured within the en-
velope as hereinbefore described with reference to Fig-
ure 1. A first bi-metallic element 54 is provided with a
heater 58 coiled about said bi-metallic element and spaced
therefrom by means of mica or asbestos spacers 60. A
second bi-metallic element 18a is secured to szid base at
one extremity thereof in the same manner as heretofore
described for the second bi-metallic element 18 of Fig-
ures 1 and 2. The first bi-metallic element 54 is anchored
within base member 12af,J at 56, and generally extends
through an aperture 34a in member 38a of slightly larger
size than said first bi-metallic element 54 and falls short
of reaching bi-metallic element 18a. First bi-metallic
element 54 shown partially warped by the heater is further
provided with a projecting member 55, which is adapted
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to €ngage Spring member 38a and cause the same to flex
upon heating of said first bi-metallic element 54, said
spring member 38a being of similar structure to spring
member 38 of Figures 1 and 2, and is secured in position
in a similar manner as said spring element 38. Corre-
spondingly numbered parts of Figure 3 and Figures 1 and
2 perform like functions in like manners.

The illustrative embodiment of the invention as shown
in Figure 4 includes the internal switch structure of Fig-
ures 1 and 2, and further contains an additional adjust-
ment feature and frequency control featurs as herein-
after described.

Referring to Figure 4, an inductance L is secured with-
in the envelope, and may be printed thereon if desired.
The inductance is designed to present an impedance at a
desired frequency. As the frequency of the current ap-
plied to said inductance is varied upward or higher, the
inductive reactance of said coil increases and the cwur-
rent therethrough at a given frequency decreases. Op-
eration of this feature with the device herein is more
fully explained hereafter in a discussion of the operation
of the device.

The feature of a further adjustment of the delay op-
eration of said switch is accomplished by .adjustable
contact point 46b. Contact point 46b is formed as a
threaded member which may preferably pass through an
insulated threaded member affixed to first bi-metallic ele-
ment 16.

Referring to the invention as illustrated in Figures 1
and 2, operation of the device is as follows: A current is
caused to flow through heater element 28, causing bi-
metallic element 16 to warp toward second bi-metaliic
element 18. The warping action of first bi-metallic ele-
ment 16 forces threaded screw member £52] 53 against
spring member 38, which under normal conditions is
biased to retain first contact point 42 in contact with
second contact point member 44. Upon application of
a predetermined pressure upon said spring element 38 by
means of threaded screw member 53, spring element 38
is caused to flex[,J with respect to the fulcrum at holder
36, snapping contact 42 out of engagement with contact
point 44 and into contact with contact point 46. Thus it
will be seen that the first bi-metallic element 16 is the
primary switch operator or driver and the second bi-
metallic element 18 that carries the switch is for the pur-
pose of ambient femperature compensation. As previ-
ously explained, the two bi-metallic elements 16 and 18
have similar warping action with variation in tempero-
ture of the surrounding medium so that a variation in
ambient temperature has little or no effect on the relative
spacing of the warped or free ends of the bi-metallic ele-
ments. Therefore, since the switch member 38 is mount-
ed on and carried by the second or compensating. bi-
metallic element so that its mounting is positioned there-
with according to variations in ambient temperature, the
arrangement provides for uniform operation of the switch
by the driver, or first, bi-metallic element 16 withour
reference to ambient temperature. Thus, the invention
functions to eliminate ambient temperature. errors which
cause variable and unsatisfactory switch operation. Uti-
lization of the aforesaid structure results in a fast break
switch and eliminates the chatter normally associated
with switches operated by means of an inductive relay.

Contact points 42 and 44 may be arranged in a series
electrical circuit including heater element 20 so as to
cause the opening of the heater circuit as said contacts
are taken out of engagement with one another. This
feature permits the use and re-use of the device. In
equipment which by its very nature is destroyed after the
first action of the switch, connection is had to the heater
directly, and the switch contact points may be utilized to
perform another function.

The invention as embodied in Figure 3 of the drawing,
operates. in the following manner: The spring element
38a which fits through a slot on each side of yoke 32a
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(not shown in the drawing) pivots about said yoke, and
is forced to flex as a result of the force exerted upon the
upper extremity of said spring member 383 by projec-
tion 55 as a current is passed through heater element 58.
In all other aspects, operation of the switch contact
points 42, 44 and 46 is similar to operation of the switch
contact points 42°, 44’ and 46’ of Figures 1 and 2.

The invention as embodied in Figure 4 of the drawing,
operates in similar fashion to that of Figures 1 and 2,
and includes an additional adjustable feature, that formed
by the adjusiment of contact point 46b with respect to
contact point 42 of Figure 4. The inductance is in-
cluded within the envelope and may be formed upon the
surface of the envelope as a printed circuit. Inclusion
of the inductance in KaJ series in the heater circuit is
beneficial to maintain operation of the unit at a given
frequency, and limits operation of the unit when the
frequency increases materially, the increase in frequency
leading to a decrease in current through the circuit, and
consequently through the heater elementL.J, thereby con-
trolling the time delay switch accordingly for control
purposes.

The delay switch disclosed herein is believed by appli-
cant to be beneficial in replacement of clock escapement
mechanisms and synchronous motor mechanisms - here-
tofore utilized for delay actuated devices utilized in the
defense program.

Although I have described my invention as embodied
in the structures illustrated, and have referred to an
evacuated envelope, I desire it understood that the evac-
vated envelope may be replaced by an envelope filled
with an inert gas under predetermined pressure if it is
so desired. I further desire it understood that variations
of my inventicn as embodied in the foregoing specifica-
tion and drawing will readily be apparent to those skilled
in-the art, and I therefore intend that the claims be read
and interpreted in the spirit and scope of the invention.

What is claimed ‘is:

1. A delay switch ‘including an envelope, a plurality
of conductive lead wires sealed through a wall of said
envelope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-
metallic element each having one of their respective ex-
tremities secured to said base member, said other ex-
tremities extending away therefrom in the same direction
and in substantially parallel planes, a heater element ad-
jacent said first bi-metallic element and adapted to warp
said first bi-metallic element toward said second bi-metal-
lic element upon passage of a current through said heater
element, conductive means between said heater element
and a pair of conductive lead wires sealed through said
envelope, a switch comprising a first contact point se-
cured to said base member, a second contact resiliently
secured to said second bi-metallic element, and a third
contact point secured to said base member, said first,
second and -third contact points-each having electrical
conductive means therebetween and a conductive lead
respectively sealed through said envelope, said second
contact being disposed between said first and third con-
tact points, and ‘'means secured to said first bi-metallic
element in contact with said second bi-metallic element
and adapted to move said second contact point out of
engagement with said first contact point and into engage-
ment with said third contact point upon passage of a
predetermined current through said heater element.

2. A delay switch including an envelope, a plurality
of conductive lead wires sealed through a wall of said
envelope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-
metallic element each having one of their respective ex-
tremities extending away from said base in substantially
the same direction, o heater element adjacent said first
bi-metallic element and adapted to warp said first bi-
metallic element toward said second bi-metallic element,
a snap action switch secured to said second: bi-metallic
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element, a plurality of leads from said switch to said lead
wires, and means secured to said first bi-metallic element
for operating said switch as said first bi-metallic element
is warped toward said second bi-metallic element.

3. A delay switch including an envelope, a plurality
of conductive lead wires sealed through a wall of said
envelope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-
metallic element each having one of their respective ex-
tremities extending away from said base in substantially
the same direction, a heater element adjacent said first
bi-metallic element and adapted to warp said first bi-metal-
lic element to warp said second bi-metallic element, a
threaded member mounted through a thread in said first
bi-metallic element and-adapted to operate said switch
as said first bi-metallic element is warped toward said
second bi-metallic element.’]

4. A delay switch including an envelope, a plurality
of conductive Jead wires sealed through a wall of said en-
velope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-
metallic element each having one of their respective ex-
tremities secured to said base member, said other ex-
tremities extending away therefrom in substantially pa-
rallel planes, a heater element adjacent said first bi-
metallic element and adapted to warp said bi-metallic
element toward said second bi-metallic element upon
passage of a current through said heater element, conduc-
tive means between said heater element and a pair of
wires sealed through said envelope, a switch comprising
a first contact point secured to said base member, a sec-
ond contact resiliently secured to said second bi-metallic
element, and a third contact point, means for adjusting
the distance between said third and second contact points,
said second contact being disposed between said first and
third contact points, and means secured to said first bi-
metallic element, said means being adapted upon heating
of said heater element to move said second contact point
out of engagement with said first contact point and into
engagement with said third contact point.

5. A delay switch including an envelope, a plurality of
conductive lead wires sealed through a wall of said en-
velope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-
metallic element each having one of their respective ex-
tremities secured to said base member, said other ex-
tremities extending away therefrom in substantially par-
allel planes, a heater element adjacent said first bi-metal-
lic element and adapted to warp said first bi-metallic ele-
ment toward said second bi-metallic element, conductive
means between said heater and said conductive wires
sealed through said envelope wall, a switch comprising
a first contact point secured to said base member, a
second contact resiliently secured to said second bi-metal-
lic element, said first and second contact points béing in
contact with one another, and means secured to said
first bi-metallic element and adapted to move said first
contact point out of engagement with said second con-
tact point upon passage of a predetermined current
through said heater element.

6. A delay switch including an envelope, a plurality of
conductive lead wires sealed through the wall of said en-
velope, an insulation base member secured within said
envelope, a first bi-metallic element and a second bi-metal-
lic element each having one of their extremities secured
to said base member, said other extremities extending
away therefrom in the same direction and in substantially
parallel planes, a heater element adjacent said first bi-
metallic element and adapted to warp said first bi-metal-

lic element upon passage of a current through said heater -

element, conductive means between the extremities of
said heater element and a pair of the conductive lead
wires sealed through the wall of said envelope, a switch
comprising a first contact point secured to said base mem-
ber, a second contact point resiliently secured to said

5

10

15

20

25

30

40

50

55

60

65

5

second bi-metallic element, and a third contact point se-
cured to said base member, said second contact point be-
ing disposed between said first and third contact points,
a spring yoke secured to said second bi-metallic ele-
ment proximate the free extremity thereof, said spring
yoke including an aperture therein, a spring holder ex-
tending through said aperture and having one extremity
thereof resting against said second bi-metallic element, a
spring element including a tongue and an aperture, said
spring holder extending through said aperture, and said
tongue at its free extremity being positioned against said
yoke and applying a tensioning bias upon said spring
member element, and a member extending from said first
bi-metallic element proximate the free extremity thereof,
said member being positioned to move, upon movement
of said first bi-metallic element, said spring member and
snap said second switch contactor to another position.

7. A delay switch comprising an envelope having a plu-
rality of conductive lead wires sealed through a wall
thereof, a first bi-metallic element and a second bi-metallic
element mounted within said envelope, said elements hav-
ing substantially the same order of thermal expansion and
extending generally in parallel directions and each secured
at one end in fixed relation to said envelope so that the
free ends thereof are in spaced opposing relation to each
other, a heater element adjacent said first bi-metallic ele-
ment arranged to cause warping of the free end there-
of toward the free end of said second bi-metallic element,
said second bi-metallic element being influenced primarily
by ambient temperature so as to warp in the same di-
rection as the first element for a given change in ambient
temperature, a movable switch member having a mouni-
ing carried by said second bi-metallic element adjacent
the free end thereof so as to be positioned therewith, a
plurality of coacting switch contacts, one of which is
mounted on said switch member and another being
mounted in fixed relation to said envelope, means for
connecting the movable and fixed contacts and said heater
element to said lead wires, and means operatively relat-
ing said first bi-metallic element to said switch member
for causing the movable contact to coact in snap action
with the fixed contact, said second bi-metallic element
causing positioning of said switch member mounting so
as to compensate for ambient temperature.

8. A delay switch comprising a first bi-metallic element
and a second bi-metallic element, said elements having sub-
stantially the same order of thermal expansion and each
fixed at one end and extending therefrom generally in
parallel directions with the free ends thereof in spaced
relation, a heater element adjacent said first. bi-metallic
element arranged to cause warping of the free end there-
of toward the free end of said second bi-metallic ele-
ment, said second bi-metallic element being influenced
primarily by ambient temperature so as to warp in the
same direction as the first element for a given change in
ambient temperature, a movable snap-switch member
having a fulcrum of the knife edge type mounted on and
carried by said second bi-metallic element adjacent the
free end thereof so as to be positioned therewith, a plu-
rality of coacting switch contacts, one of which is mounted
on said switch member and another being in fixed rela-
tion thereto, and means operatively relating said first
bi-metallic element to said switch member for causing
the movable contact to coact in snap action with respect
to the fixed contact, said second bi-metallic element
causing positioning of said fulcrum so as to compensate
for ambient temperature.

9. A delay switch comprising an envelope having a
plurality of conductive lead wires sealed through a wall
thereof, a first bi-metallic element and a second .bi-
metallic element mounted within said envelope, said ele-
ments having substantially the same order of thermal
expansion and each secured at one end in fixed relation
to said envelope and extending therefrom generally in
parallel directions so that the free ends thereof are in
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spaced relation, a héater element adjacent said first bi-
metallic element arranged to cause warping of the. frec
end thereof toward the free end of said second bi-metallic
element, said second bi-metallic clement being influenced
primarily by ambient temperature so as to warp in the
same direction as the first element for a given change in
ambient temperature for temperature compensation, a
movable switch member including a snap-over spring
pivotally mounted with respect to o fulcrum on said sec-
ond bi-metallic element adjacent the free end thereof
so that said fulcrum is positioned ‘therewith, a plurality
of .coacting switch contacts, one of which is mounted on
said switch member and anoiher being mounted in fixed
relation to said envelope, means for connecting the mov-
able and fixed contacts and said heater element to said
lead wires, and an operative connection between said
first . bi-metallic element and said switch member for
causing operation of said snap-over spring and coaction
of the movable and fixed contacts, said second -bi-metallic
element causing positioning of said fulcrum so as to com-
pensate for ambient temperature.

10. A delay switch comprising .a- stationary - base, a
first bi-metallic element and a second bi-metailic ele-
ment, said elements having substantially the same order
of thermal expansion and arranged so as to extend gen-
erally in the same direction in spaced relution to each

other and each element being fixed with respect to said’

stationary base at one end so that the free ends are mov-
able relative to each other and the fixed ends are station-
ary, .a heater element adjacent said first bi-metallic ele-
ment arranged -to-cause warping of the free end thereof
relative to the free end of said second bi-metallic ele-
ment, said second bi-metallic element being influenced
primarily by ambient temperature so as to warp in the
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same direction as said first element for a given change in
ambient temperature, @ movable switch member having
a fulcrum support mounted on and carried by one of said
bi-metailic elements adjacent the free end- thereof so as
to be positioned therewith, a plurality of coacting fixed
and movable contacts positioned in proximity to the fixed
ends of said elements and controlled by the other switch
member, and means operatively connecting said first bi-
metallic element o said switch member for causing the
movable contact to coact in snap action with the cor-
responding fixed contact, said one of said bi-metallic ele-
ments causing positioning of said fulcriim support so as
to compensate for ambient temperature.
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