[

Nov. 20, 1962 C. D. AINSWORTH 3,065,321
VACUUM‘SWITCH’ACTUATED BY FLUID PRESSURE IMPULSE MEANS

Filed Nov. 6, 1959

Sz

Kt

\
|
|
b
|
/ N |
AA | | L
A U
M ,l\l l 20
AN g'l u\{\
RN AN
y N IN
WA
) a
| 7 I rid
/)
P 4
4 V.
7~ ///
/// //
a4
/{//
£7
Fes
3
2
éhwu@ﬂib&
Lheoker 1O, Sinomonthi

/%57%£4vhw/€72 .
. PMRY



LA

v

ELVan )

United States Patent OfFf

3,065,321
Patented Nev. 20, 1962

1CC

1

3,065,321
VACUUM SWITCH ACTUATED BY FLUID
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11 Claims. (Cl 200—144)

This invention relates to electric devices employing a
movable element therein and more particularly to a new
and improved vacuum switch employing relatively mov-
able cooperating coatacts which are actuated by fluid
under pressure.

eretofore electric devices such as vacuum switches
employed a plurality of sliding members for controlling
the axial and lateral movement of the movable contacts.
These sliding members not only are costly to manufacture
but require bearings and make the vacuum switch highly
susceptible to shock and vibration. Further, the axial
movement of a movable contact extending through a bel-
lows attached in fiuid tight engagement to the walls of a
vacuumized envelope makes the envelope susceptible to
air leakage and increases the possibility of a short life
for the switch.

In accordance with the invention claimed there is pro-
vided a new and improved electrical device such as an
electric switch, a vacuum condenser or an electron dis-
charge device comprising in combination an envelope and
a hollow member extending within the envelope. The
hollow member employs a deformable portion arranged
within the envelope for movement from a first position to
a second position upon application of fluid under pressure
to the interior of the member. The deformable portion
returns to its first position upon predetermined reduction
of fluid pressure therewithin. As set forth in some of the
claims the deformable portion of the hollow member may
comprise one of a pair of cooperating contacis arranged
within the vacuumized envelope. An overcenter toggle is
arranged within the envelope and connected at one end to
the movable end of the hoillow member and at the other
end to a fixed member of the electrical device within the
envelope. The toggle is biased to its overcenter position
when the hollow member is deformed to contact ciosed
position. Means are arranged te extend into the envelope
through an opening therein for engaging the toggle when
in its overcenter position and biasing it back to its col-
lapsed position,

It is, therefore, one object of this invention to provide
a new and improved electric device embodying an enclos-
ing envelope in which a hollow member extending therein
is caused to deform to perform a useful function.

Another object of this invention is to provide a new and
improved device of tiie character described in which a
hollow, deformable contact member mounted for move-
ment within a vacuumized envelope and actuated by inter-
nal pressure is retained in contact closed position when
moved thereto and released at will for movement to con-
tact open position upon predetermined reduction of said
internal pressure.

A further object of this invention is to provide a new
and improved vacuumized electric switch in which an
overcenter toggle is utilized to retain a hollow, deformable
contact member in contact closed position when said con-
tact member is actuated thereto by a fluid impulse applied
to the hollow interior thereof.

A still further object of this invention is to provide a
new and improved vacuumized electric switch in which an
overcenter toggle is utilized to retain a hollow, deform-
able contact member in contact clesed position and a
second hollow, deformable member within the envelope is
arranged to deform and engage the toggle to collapse it.

A still further object of this inventicn is fo provide a
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new and improved vacuumized electric switch in which an
overcenter toggle is utilized to retain a hollow, deform-
able contact member in coatact closed position and a
second hollow, deformable member witiin the envelope
is arranged to form a stop for the toggle in its overcenter
position and to engage and collapse the toggle when the
second member is deformed by internal pressure.

Obijects and advantages other than those set forth will
be apparent from the following description when read in
connection with the accomgpanying drawing, in which:

FIG. 1 is an elevational view partly in axial section of
a vacuum switch embodying the invention;

FIG. 2 is a top cross sectional view of FIG. 1 taken
along the line II—I¥; and

FIG. 3 is a partial cross sectional end view of FIG. 1
taken along the line JII—III.

Referring more particularly to the drawing by charac-
ters of reference FIG. 1 iilustraies an electric switch 19
comprising a cylindrical envelope 11 which may be
formed, for example, of a suitable vitreous material. The
ends of envelope 1 are provided with annular rims 32
and 13 to which are fixedly secured in gas tight connec-
tion thereto metallic caps 14 and 15, respectively. The
caps 14 and 15 may be relatively flat and protruding, as
shown or reentrant if so desired.

Cap 15 supports in gas tight connection therewith a
contact mounting or bushing 16 to which is secured in
gas tight connection one end of a fixed contact member 17.
Contact member 17 is arranged to extead longitudinally
of envelope 11 and is substantially rigidly supported so as
to restrict longitudinal or lateral movement taereof. Cap
14 supports in gas tight conmection therewith a comntact
mounting or bushing 18 to which is fixedly secured in gas
tight connection a hollow fluid conducting coantact mem-
ber 19. Contact member 19 is arranged to extend into
envelope 11 longitudinally thereof and is substantially
rigidly supported so as to restrict longitudinal or lateral
movement thereof at the point at which it enters envelope
1i. Fither of caps 14 or 15 supports a tubular venting
passage (mnot shown) through which envelope X1 may be
evacuated and sealed off in the usual way.

The hoilow, tubular, deformable curved member 19
comprises a relatively fixed first hollow portion 2§ and a
relatively movable hollow, tubular, deformable second
portion 21 both together called a hollow deformable arm
portion, an arcing tip porticn 22 and a resilient unitary
diaphragm spring washer or portion 23. Although curved
member 12 may be of any geometrical cross sectional area
an oval cross sectional area is preferable. The upper por-
tion 25 of the unitary diaphragm type spring washer 23 is
conductively secured to the end of the second portion 21
of the curved member 19. To the lower portion 25 of
washer 23 the arcing tip 22 is conductively secured. The
arm portion is connected in vacuum tight seal to the enve-
lope and particularly cap 14 through bushing I8 and is
normally curved and biased to contact open position and
deformable to contact closed position. When suitable
fluid under pressure, such as air, is applied to the open
end of hollow, tubular contact member 19 outside of the
confines of envelope 11, the deformable arm portion is
flexed or actuated for movement through an arcuate path
from a first curved lccation in contact open position to a
second less curved contact engaging position in contact
with the arcing tip 27 of relatively stationary contact 17.

Upon movement to contact closed position the arcing
tip portion 22 engages the arcing tip 27 of stationary
contact 17 whereupon the diaphragm spring portion 23
is compressed until a contact retaining means is actuated
for keeping or locking the contact elements 17 and 19
in contact closed position.

The contact retaining means may comprise, as shown
by way of example in the drawing, a latching toggle 39
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comprising a pair of pivotally connected toggle arms 31
and 32 and a spring 33. Toggle arm 32 is pivotally
connected at its free end to a bracket 35. Bracket 35 is

xedly attached to the inside of envelope 11 and more
particularly to the inside of cap 14. In order to support
contact member 19 bracket 35 and a resilient insert pad
35’ arranged within the contact surrounding portion of
bracket 35 are arranged to surround and hold contact
element 19 firmly adjacent bearing 18. The free end 36
of toggle arm 31 is pivotally connected to the bifurcated
end 37 of the relatively movable end of contact element
19. Spring 33 is connected in the usual manner to bias
toggle 39 to its overcenter position. When the contact
element 19 is biased to contact closed position by fluid
under pressure the toggle 3¢ is biased to its overcenter
position by spring 33 (shown in dot dash lines in FIG. 1)
thereby locking contact elements 17 and 19 in contact
closed position and permitting immediate cessation of
the fluid pressure.

In order to collapse toggle 30 a hollow, tubular, de-
formable disengaging member 40 is provided to extend
into envelope 11 through cap 14. Member 48 may have
any suitable cross sectional area configuration although
an oval cross sectional shape is preferable. Cap 14 sup-
ports a bushing 41 to which is secured in vacuum tight
engagement one end of member 46. The other end of
member 40 is closed and comprises a prong 42 arranged
in the path of movement of toggle 3¢ to function as a
stop for toggle 3¢ when in its overcenter position. When
suitable fluid under pressure, such as air which may be,
for example, in the form of a pulse or of a longer dura-
tion, is applied to the open end 44 of member 4¢ inside
of the confines of envelope 11 the deformable portion
of the hollow, tubular, member 48 flexes and moves the
end or prong 42 thereof against toggle 39 forcing it back-
‘wards through its center position thereby releasing tubular
member 19 and permitting the retracting bias of tubular
member 19 to.return it and its arcing tip pertion 22 to
contact open position, against the bias of spring 33.

The use of the Bourdon tube principle of straightening
out a curved section of a hollow tube closed at one end
by the application of fluid under pressure thereto makes
it possible to interrupt high voltage circuits in a vacuum-
ized envelope with the usual contact gap of about 1 kv.
per mil without requiring axial movement of the movable
contact member through the vacuumized envelope. As
noted from FIGS. 1-3 of the drawing cooperating con-
tact members 17 and 19 perform their cpening and clos-
ing switching function without the use of a flexible seal
such as ‘bellows or diaphragms. No sliding movable
contacts are required. Thus, the prior art bearings, guid-
ing means and the associated shunt current conducting
braids are eliminated.

In accordance with the invention claimed the vacuum
switch 18 is closed by forcing fluid under pressure, for
example, an impulse of a relatively short duration into
hollow, tubular, deformable contact member 12. The
hollow arm portion thereof deforms by tending to
straighten out causing the arcing tip portion 22 to engage
the arcing tip portion 27 of the stationary contact element
17.  When arcing tip portion 22 engages the arcing tip
portion 27 the resilient diaphragm spring 23 compresses.
This action makes possible some overtrave]l of the mov-
able arm portion of contact element 19 and insures a
strong, firm contact tip engagement of the two contact
elements in contact closed position. Upon such over-
travel of the movable arm portion the latching toggle
1s' actuated by’ the toggle closing bias of spring 33 to its
overcenter position thereby firmly holding contact ele-
ments 17 and 19 in contaét closed position. When it is
desired to actuate the contact elements to contact open
position fluid under. pressure is applied to the tubular,
deformable member 40 which tends to straighten out and
.moves transversely to the longitudinal length of the
toggle 30 thereby engaging toggle 3¢ and forcing it back-
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wards through its center pesition from which position it
will be biased back to its initial contact open position_ by
the retractive force within its arcuate structure, against
the bias of spring 33. )

Although but one embodiment of the present invention
has been illustrated and ‘described it will be apparent to
those skilled in the art:that various chariges and miodifica-
tions may be madé therein without departing from the
spirit of the inveation or from the scope of the appended
claims.

Having now particularly déscribed and ascertained the-

nature of my said invention and the manner in which it
is to be performed, I declaré that what I claim i8:

1. An electric device comprising a vacuumized en-
velope, a pair of relatively movable cooperatirig contacts
mounted within said envelope, at least one of said con=

tacts comprising a hollow member extending into said °

envelope through an opening therein, said member being
connected in vacuum tight seal to said envelope and com=
prising a cortact engaging portion within said envelope
which is biased to contact open position and deformable

to contact closed position, means for applying fluid under-

pressure to the interior of said member outside of said
envelope for deforming said portion to contast ¢losed
position, passive retaining means arranged withifi 'saigl
envelope for keeping said member in contact closed posi-
tion when actuated thereto by said pressure means, an
disengaging means arranged adjacént said retaining means

- within' said envelope for releasing said retaining means
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causing-said member to mové to-its contact open position,

2. An electric device comprising a vacuuihized en-
velope, a pair -of relatively movable cooperating contacts
mounted ‘within said envelope, at least one of said con-
tacts -comprisinig a ‘hollow member extending into said
envelope through an opening therein, said member being
connected in vacuum tight seal to said envelope and
comprising a contact engaging portion within-said ‘en-
velope which is ‘biased to contact open position and
deformable to contact closed position, mearts for applying
an impulse of fluid under pressure to the interior of said
member outside of said envelope for deforming said:por«
tion to contact closed position, passive means arranged
within said envelope for onmly retaining said portion in
contact closed position-when actuated thereto by said
pressure means, and disengaging means arranged adjacerit
said passive means within said envelope for releasing
said passive ‘means causing said member to move to its
contact open position.

3. An electric device comprising a vacuumized en-
velope, a pair of relatively movable cooperating contacts
mounted within said envelope, at least one of said cori«
tacts comprising a hollow member extending into said
envelope through an opening therein, said member being
connected 'in° vacuum tight seal to said envelope and
comprising a contact engaging first portion within said
envelope which is biased to contact open position and
deformable to contact closed position, means for apply-
ing gas under pressure to the interior of said member
outside of said envelope for deforming said first portion
to contact closed position, an overcenter passive toggle
arranged within said envelope and connected. at one end
to the movable end of said member, said toggle being
biased to its overcenter position when said member is
deformed to contact closed position to retain said mem-
ber in contact closed position, and means extending into
said envelope through an opening therein for engaging
said toggle when in its overcenter position and biasing
it back to its collapsed position.

4. An electric device comprising a vacuumized enve-
lope, a pair of relatively movable cooperating contacts
mounted within said envelope, at least one of said con-
tacts comprising a hollow member extending into said
envelope through an opening therein, said member being
connected in vacuum tight seal to said envelope and com-
prising a contact engaging portion within said envelope
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which is biased to contact open position and deformable
to contact closed position, means for applying an impulse
of gas to the interior of said member outside of said en-
velope for deforming said portion, an overcenter passive
toggle arranged within said envelope and connected at
one end to the inside of said envelope and at the other
end to the movable end of said member, said toggle being
biased to its overcenter position when said member is
deformed to contact closed position to retain said mem-
ber in contact closed position, and means extending into
said envelope through an opening therein for engaging
said toggle when in its overcenter position and biasing it
back to its collapsed position.

5. An electric device comprising a vacuumized enve-
lope, a pair of relatively movable cooperating contacts
mounted within said envelope, at least one of said con-
tacts comprising a first hollow member extending into
said envelope through an opening therein, said first mem-
ber being connected in vacuum tight seal to said envelope
and comprising a contact engaging portion within said
envelope which is biased to contact open position and
deformable to contact closed position, means for applying
gas under pressure to the interior of said first member
outside of said envelope for deforming said contact en-
gaging portion, an overcenter toggle fixedly arranged at
one end within said envelope and connected at the other
end to the movable end of said first member, said toggle
being biased to its overcenter position for holding said
contacts in engagement when said first member is de-
formed to its contact closed position, and a second hollow
member extending into said envelope through an opening
therein, said second member being connected in vacuum
tight seal to said envelope and comprising toggle engag-
ing portion deformable to engage said toggle when said
toggle is in its overcenter position for biasing said toggle
back to its collapsed positicn, said toggle engaging por-
tion being deformed upon reduction of pressure in said
contact engaging portion.

6. An electric device comprising a vacuumized enve-
lope, a pair of relatively movable cooperating contacts
mounted within said envelope, at least one of said con-
tacts comprising a first hollow member extending into
said envelope through an opening therein, said first mem-
ber being connected in vacuum tight seal to said envelope
and comprising a contact engaging portion within said
envelope which is biased to contact open position and
deformable to contact closed position, means for applying
gas under pressure to the interior of said first member
outside of said envelope for deforming said contact en-
gaging portion to actuate it from contact open to contact
closed position, an overcenter toggle arranged within said
envelope and connected at one end to the inside of said
envelope and at the other end to the movable end of said
first member, said toggle being biased to its overcenter
position when said first member is deformed to contact
closed position, and a second hollow member extending
into said envelope through an opening therein, said sec-
ond member being connected in vacuum tight seal to said
envelope and comprising a toggle engaging portion de-
formable to engage said toggle when in its overcenter
position and biasing it back to its collapsed position, said
toggle engaging portion forming a stop for said toggle
when biased to its overcenter position.

7. An electric device comprising a vacuumized enve-
lope, a pair of relatively movable cooperating contacts
mounted within said envelope, at least one of said con-
tacts comprising a first hollow member extending into
said envelope through an opening therein, said first mem-
ber being connected in vacuum tight seal to said envelope
and comprising a contact engaging portion within said
envelope which is biased to contact open position and
deformable to contact closed position, means for applying
gas under pressure to the interior of said first member
outside of said envelope for deforming said contact en-
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gaging portion to actuate it from contact open to contact
closed position, an overcenter toggle arranged within said
envelope and connected at one end to the inside of said
envelope and at the other end to the movable end of said
first member, said toggle being biased to its overcenter
position when said first member is deformed to its con-
tact closed position and locking said contacis in contact
closed position, and a second hollow member extending
into said envelope through an opening therein, said sec-
ond member being connected in vacuum tight seal to said
envelope and comprising a toggle engaging poriion which
is deformabie to engage said toggle when in its overcenter
position and biasing it back to its collapsed position, said
toggle engaging portion forming a stop for said toggle
when moved to its overcenter position, said toggle en-
gaging portion being deformed upon reduction of pressure
in said contact engaging portion to cause said comtacts
to return to their contact open position.

8. An electric device comprising a vacuumized enve-
lope, a pair of relatively movable cooperating contacts
mounted within said envelope, one of said contacts com-
prising a hollow deformable arm portion extending into
said envelope through an opening therein and a resilient
diaphragm spring portion mounted at one end of said
arm portion within said envelope and an arcing tip por-
tion mounted on one side of said spring portion, said
arm portion being connected in vacuum tight seal to said
envelope and being biased to contact open position and
deformable to contact closed position, means for applying
gas under pressure to the interior of said arm portion
ouiside of said envelope for deforming said arm portion,
an overcenter toggle arranged within said envelope and
connected at one end te the movable end of said one of
said contacts and at the other end to said envelope, said
toggle being biased to its overcenter position when said
one of said contacts is deformed to its contact closed posi-
tion, and a holiow member extending into said envelope
through an opening therein, said member being connected
in vacuum tight seal to said envelope and comprising a
portion deformable to engage said toggle when said toggle
is in its overcenter position for biasing said toggle back
to its collapsed position, said toggle engaging portion
being deformed upon reduction of pressure in said one of
said contacts.

9. An electric device comprising a vacuumized en-
velope, a pair of relatively movable cooperating contacts
mounted within said envelope, one of said contacts com-
prising a hollow deformable arm portion extending into
said envelope through an opening therein and a resilient
diaphragm spring portion mounted at one end of said
arm portion within said envelope and an arcing tip por-
tion mounted on one side of said spring portion, said arm
portion being connected in vacuum tight seal to said en-
velope and being biased to contact open position and de-
formable to contact closed position, means for applying
gas under pressure fo the interior of said arm portion out-
side of said envelope for deforming said arm portion, an
overcenter toggle arranged within said envelope and
connected at one end to the movable end of said one of
said contacts and at the other end to said envelope, said
toggle being biased to its overcenter position when said
one of said contacts is deformed to its contact closed
position, and a hollow member extending into said en-
velope through an opening therein, said member being
connected in vacuum tight seal to said envelope and com-
prising a toggle engaging portion deformable to engage
said toggle when said toggle is in its overcenter position
for biasing said toggle back to its collapsed position, said
toggle engaging portion being deformed upon reduction
of pressure in said one of said contacts.

10. An electric device comprising a vacuumized en-
velope, a pair of relatively movable cooperating contacts
mounted within said envelope, one of said contacts com-

5 prising a hollow deformable arm portion extending into
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said envelope ‘through an opening therein and a resilient’

diaphragm spring portion mounted at one end of said.
arm portion within said envelope and an arcing tip por-
tion mounted on one side of said spring portion, said arm.
portion being connected in vacuum tight seal to said en-
velope and being biased to contact open position and de-
formable to contact closed position, means for applying:
gas under pressure to the interior -of said arm .portion
cutside of said envelope for deforming said arm portion,.
an overcenter toggle arranged within said envelope and
connected at one end to the movable end of said one of
said contacts and at the other end to said envelope, said
toggle being biased to its overcenter position when said
one of said contacts is deformed to its contact closed
position, and a hollow member extending into said en-
velope through an opening therein, said hollow member
" being conmnected in vacuum tight seal to-said envelope
and comprising a toggle engaging portion . deformable
fo engage said toggle when said toggle is in its. overcenter
position for biasing said toggle back to its collapsed posi-
tion, said toggle engaging portion forming a stop for
said toggle when said toggle is moved to its overcenter
position. :
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11. An electric device employing a vacuumized en-

8

velope for enclosing a pair of cooperating. arcing con-
tacts wherein ore of ‘said contacts comprises a hollow
member extending through said envelope, said member
being biased to contact open position and deformable
to contact closed position, means for applying fluid under

pressure to the interior of said member for deforming -

said ‘member to -contact closed position, and passive
means ‘within the envelope for only retaining said mem-
ber in contact closed position and actuable for releasing
said member for movement to contact open position::
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