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tary of the Navy
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3 Claims. (Ci 200—82)

The present invention relates to electrical switches, and

nore particularly to a fast-acting circuit breaker adapted

to operate in response to changes in pressure developed
therewithin.

Switches employed in environments where operating
conditions are extremely severe must be designed to
incorporate a number of features which would not be
required in less demanding situations. For example, elec-
trical circuit breakers utilized on aircraft and underwater
missiles must withstand extremely severe shocks without
change in circuit status, particularly when an aircraft is
engaged in combat or when an underwater missile is being
launched or fired, as the case may be. To the above
requirement is frequently added the necessity of conduct-
ing large currenis, especially during that period of time
when a conirol impulse is transmitted therethrough. It
is also apparent that switches to be employed for military
purposes must be compact, light in weight, and seli-
contained. Still further, it is essential that when the
switch is incorporated as part of the structure of a missile,
no fragmentation or venting of gases can occur, since this
would have an adverse effect upon other components of
the assembly. If the switch is to be employed in any
considerable nuombers, the cost thereof should be rea-
sonably low and it should be capable of being readily
fabricated without employing any special equipment or
tools. As a final factor, the extreme complexity of con-
temporary missile design will not allow the use of any
component the operating reliability of which does not
reach an arbitrarily high level. All of the above points
must be taken into consideration in the design of a circuit
breaker of the type to which the present invention relates.

Many circuit breakers employed in underwater tor-
pedoes, for example, are required to carry relatively high
currents (such, for example, as 600 amperes) and to
interrupt this current while, at the same time, remaining
watertight both before and after operation. As hereto-
fore designed, such circuit breakers were frequently based
upon principles carried over from aircraft techniques, and
made of a plurality of individual contacts arranged in
series relationship. 'This was considered necessary to
assure sufficient interrupting capability. Subsequently,
this type of breaker was modified to consist of a number
of groups of parallel contacts with the groups connected
in series. However, these arrangements did not eliminate
such disadvantages as pitting and burning of the contact
surfaces. Still further, it was extremely difficult to pro-
vide a satisfactory mechanical laiching mechanism to hold
the contacts closed.

To overcome the above disadvantages, a number of
expedients were investigated, such as the use of knife-~
blade type contacts, coaxial tubes, and so-called “stud-
driven” arrangements. Bach of the above, however, was
either impracticable from a design standpoint or else
could not be manufactured in the required quantity.

The means for actuating the circuit breaker was also
placed under intensive study. Various types of controlling
mechanisms were reviewed, among which were the use
of compressed gas for breaking the electrical circuit
through the actuation of a piston. This proposal was dis-
carded due to the difficulty of electromechanically con-
trolling the gas flow. Flash heating of carbon dioxide
was also considered, as was the use of mechanical springs
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for energy storage. The latter, it was found, require the
adgied coemplication of some type of electrical trip mech-
anism.

It was decided that the most feasible method of actuat-
ing a circuit breaker having the stated requirements was
to employ means which would generate a relatively high
pressure within the circuit breaker so as to move a con-
tact from closed to open position. It was found that such
a pressure-generating means was readily available in the
form of a so-called “squib” containing a charge of powder
which is caused to explode upon the application thereto
of an eclectrical impulse. Extensive tests of a circuit
breaker incorporating such a squib gave excellent re-
sults, and hence this component was integrated into the
circuit breaker described herein.

In accordance with one feature of the present invention,
there is provided a circut breaker of the pressure-actuated
type, this circuit breaker incorporating a generally tubular
body member composed of elecirically non-conductive
material, a first terminal element partly contained within
this body member and extending axially outwardly frem
one end thereof, and a second terminal element also partly
contained within the body member and extending axially
outwardly from the opposite end thereof. These two
terininal elements are spaced apart to define a closed
chamber within the tubular body member, and a generally
cylindrical contact is disposed within this chamber and
designed for slidable movement axially of the body mem-
ber. The contact is initially positioned to be in electrical
engagement with both of the terminal elements so as to
complete an electrical circuit through the breaker. - Means
are then provided for producing a pressure within the
closed chamber to effect a slidable movement of the con-
tact so as to terminate the electrical engagement .of the
contact with one of the terminal elements, thereby inter-
rupting the electrical circuif through the breaker.

One object of the present invention, therefore, is to
provide an improved form of electrical circuit breaker of
the pressure-actuated type.

Another object of the present invention is to provide
a pressure-actuated circuit breaker in which an explosive
pressure generated within the circuit breaker body causes
the circuit breaker to operate from an initially closed posi-
tion to an electrically open position.

A further object of the invention is to provide an
elecirical circuit breaker of the pressure-actuated type, in
which a pair of terminal elements are spaced apart to
establish a closed chamber within the circuit breaker, and
in which a contact is slidably disposed within this closed
chamber and movable upon the detonation of an ex-
plosive charge within this chamber from a position where
it electrically engages both terminal elements to a posi-
tion where the electrical engagement with one of these
terminal elements is broken.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings wherein:

FIG. 1 is a longitudinal sectional view of a pressure-
actuated circuit breaker designed in accordance with a
preferred embodiment of the present invention, this view
showing the circuit breaker in its initially closed position;

FIG. 2 is a view of the circuit breaker of FIG. 1 follow-
ing its actuation to electrically open position; and

FIG. 3 is a sectional view of FIG. 2 taken along the
line TTI-—TIL

Referring now to the drawing, there is shown in FIG.
1 a preferred form of pressure-actuated circuit breaker
designed in accordance with the present invention. This
circuit breaker includes a generally tubular body member
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10 composed of some electrically nonconductive material
such, for example, as a nylon-base Micarta. At one end
of the tubular body member 18 is a first terminal element
12, which is partly contained within the body member
16, as illustrated, and which extends axially outwardly
to permit connection thereto of a conductor (not shown)
forming pert of an electrical circuit. At the other end
of the body member 39 is second terminal element 14,
also partly contained within the body member and simi-
larly extending axially outwardly therefrom. As will
be seen in the drawing, the two terminal eiements 12 and
14 project toward, and are spaced apart from, one another
so as to define therebetween a closed chamber 16 within
the body member 10.

Disposed within this chamber 16 is a movable contact
assembly, generally identified by the reference numeral
$8. This contact assembly 18 is designed for slidable
movement axially of the body member 10 and is initially
positioned as shown in FIG. 1, in which position an elec-
trical circuit is established through the assembly in a

nanner to be set forth below.

The first terminal element 12 is generally cylindrical
in configuration, and is provided with a central recess or
re-enirant portion 29, The terminal element 12 is also
formed with a plurality of circumferentially-arranged fin-
gers 22, which extend inwardly as shown essentially par-
aliel to the longitudinal axis 24 of the body member 10.
The arrangemeni of these fingers 22 will be better un-
derstood by reference to FIG. 3. Since the material of
which the terminal element 12 is composed may be, for
example, commercial hard tempered copper, the fingers
22 will possess a small amount of resiliency, and hence
will act to securely grip therebetween a portion of the
slidable contact assembly 18.

The second terminal element 14 is generally tubular in
design and also incorporates an axial recess arranged to
receive therewithin a portion of the slidable contact 18
when the latter is actuated from a closed to an open po-
sition. However, in the closed position shown in FIG.
1, one portion 26 of the contact assembly 18 is securely
gripped by a plurality of inwardly-extending fingers 28
formed integrally with the terminal element 14. As
shown in FIG. 1, these fingers 28 are gemerally similar
to the fingers 22 formed on the first terminal element 12,
but extend in a direction opposite thereto. Since the
terminal element 14 is also preferably composed of some
material such as commercial hard copper, the fingers 28
exert a gripping force upon the contact porticn 25 to
maintain the contact 18 in its closed position of FIG. 1
prior to the generation of a pressure within chamber 16 in
a manner to be set forth below.

The contact assembly 18 is designed to incorporate a
core of conductive material, one end of this core com-
prising the portion 26 and the remaining end of the core
being of reduced diameter so as to be gripped by the
terminal fingers 22. The latter core portion is identified
by the reference number 36, and has attached thereto
an axial extension 32 composed of some non-conductive
substance such, for example, as Teflon. A sleeve 33 also
of non-conductive material encircles the contact 18 be-
tween the contacting surfaces 26 and 39 to prevent arcing
or flash-over between the contact 18 and the remaining
portions of the circuit breaker. Two other non-conduc-
tive tubular sieeves 33a¢ and 33b are provided within
chamber 16 for the same purpose.

When the assembly is in its closed position illustrated
in FIG. 1, an clectrical circuit is established through the
Grst terminal 12, fingers 22, contact portion 30, contact
poriion 26, fingers 28, and the second terminal element
14. This condition is maintained in the face of any severe
shocks or vibration which the assembly might encounter
by the inward radial pressure of the fingers 22 and 28
acting upon their respective portions of the slidable con-
tact 18.

When it is desired that the circuit breaker of FIG. 1
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changss from a closed to an electrically open position,
a pressure is generated within the chamber 16, and spe-
cifically within that portion of chamber 16 constituted
by the re-entrant portion 28 of the terminal element 12.
Although this pressure may be generated in any suitable
manner, a preferred means for accomplishing this objec-
tive includes the detonation of an explosive charge form-
ing part of a squib 34, which is positioned and supported
by the body member 19 and which communicates with
the recess 20 through a radialiy-extending opening 36.
As shown in the drawing, the squib 34 is held in place
by a lock nut 38, and is energized by an electrical im-
vpulse applied thereto from a suiiable source (not shown)
over conductors 49. Purely by way of illustration, the
squib 34 may be of a type known as the Model 1440,
manufactured by Holex, Inc. of Hollister, California, al-
though, obviously, cther types may be substituted there-
for if desired. It has been found in practice that a charge
of 20 mg. of bulls-eye powder yields sufficient force for
actuation of the contact assembly 18.

When the sguib 34 fires, pressure within the recess
28 acts upon the extending porticn 32 of the contact as-
sembly 18 to force the latter to move to the right (as
iewed in the drawing) along the axis 24 of the as-
sembly., In order to bring this about, the frictional pres-
sure of the fingers 22 and 28 must be overcome. Follow-
ing such a slidable movement of the contact assembly
18, the components of the device assume a final relation-
ship as shown in FIG. 2 of the drawings. In this position,
clectrical engagement between the fingers 22 and the con-
tact portion 39 is terminated, as is the elecirical engage-
ment bstween the fingers 28 and the contact portion 28.
As the contact assembly 18 approaches the limit of its
movement, a raised annular boss 42 on the insulating
sieeve 33 (which encircles the contact 18 between the
exposed electrically conductive portions 26 and 39) is
gripped by the fingers 25 of terminal element 14, This
gripping or wedging action securely holds the contact 18
in its electrically open position, and precludes any subse-
quent movement of the contact 18 back (to the left)
o re-establish electrical contact with terminal element 12.

It should be emphasized that a circuit breaker designed
in accordance with the present invention is unusually re-
sistant to severe shocks and vibration which might cause
it to inadvertently move from cone condition to the other.
Actual tests have demonsirated that a particular circuit
status of the assembly is maintained in the face of extend-
ed shocks ranging as high as 135 g’s, such shocks being
applisd to the braker longitudinally in an open circuit
position in a direction which would cause the circuit to
close, and in a closed circuit position in a direction which
would cause the circuit to open. Resistive loads of 225
volts, 600 amperes D.C. were applied to the breaker dur-
ing such tests. An operating reliability in excess of
99.99% was achieved, with no discernible fragmentation
or gas venting.

Cbviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefor to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

We claim:

i. In an electrical circuit breaker of the pressure-ac-
tuated type, the combination of a generally tubular body
member composed of electrically non-conductive material,
a first terminal element parily contained within said body
member and extending axially outwardly from one end
thereof, said first terminal element being of gereraily
tubular copfiguration and having a plurality of circum-
ferential fingers extending inwardly parallel to the longi-
tudinal axis of said tubular body member, a second termi-
nal element also partly contzined within said body mem-
ber and extending axially outwardly from the opposite
end thereof, said second terminal element also Leing of
generally tubular configuration and having a plurality of
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circamferential fingers extending inwardly parallel to the
longitudinal axis of said tubular body member, the two
said terminal elemenis being spaced apart to define a
closed chamber within said tubular body member, a gen-
erally cylindrical contact disposed within said chamber
and designed for slidable movement axially of said body
member, said contact being initially positioned to have
one portion thereof encircled and electrically engaged by
the fingers of said first terminal element and to have
another portion thereof encircled and electrically engaged
by the fingers of said second terminal element so as to
complete an electrical circuit through said breaker, and
means for producing a pressure within said chamber to
effect a slidable movement of said contact to terminate
the electrical engagement between such contact and the
said first terminal element, thereby interrupting the elec-
trical circuit through said breaker.

2. A circuit breaker according to claim 1, in which said
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cylindrical contact is formed with a raised annular boss
of insulating material, said annular boss being designed
to be gripped by the fingers of said second terminal ele-
ment upon a slidable movement of said contact following
operation of said pressure-producing means.

3. A circuit breaker according to claim 2, further com-
prising a sleeve of insulating material encircling said cy-
lindrical contact in the region between the portions
respectively engaged by the fingers of said first and second
terminal elements.
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