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My invention relates generally to pressure-
responsive switches, and more particularly to a
bressure-responsive swifch having the electrical
contact elements located within a hermetically
sealed chamber that is unaffected by variations
in operating pressures so as to maintain optimum
switching conditions.

Pressure-responsive switches are utilized in a
wide variety of control systems, and have ex-
tensive application in high altitude aircraft to
control motor driven mechanisms in accordance
with a selected pressure relationship, as for ex-
ample that existing between the cabin pressure
and the reduced external pressure. Devices
of this type include two major components, a
pressure-operated actuator mechanism and an
electrical contact switch of conventional design.
In prior pressure-responsive switches, the elec-
trical switch has been exposed to one or the other
of the operating pressures, and as can be under-
stood, may thus be subjected to a wide pressure
variation.

As is well known in the electrical switch art,
there is a direct relationship between the pres-
sure and the dielectric strength of air. At re-
duced pressures there may be excessive arcing
at the switch contacts causing pitting and a pos-
sible fire hazard. In addition, the moisture vapor
of the air may be condensed upon a pressure
or temperature change so as to collect around
the switch contacts. This leads to further trouble
such as insulation deterioration or fungus growth
experienced under tropical conditions, and may
render the switch completely inoperative. When
it is further considered that many such switches
are located in inaccessible positions on aircraft,
it can be seen that expensive upkeep work may
be necessitated unless the electrical switch con-
tacts are properly protected. It can also be
understood that a heavy and complex structure
is highly undssirable in a device of this character
and must be avoided particularly in aircraft in-
stallations.

It is therefore a major object of my invention
to provide an improved pressure-responsive
switeh of light weight and durable construction
which will overcome the aforementioned opera-
tional difficulties.

It is also an object of my invention to provide
an improved pressure-responsive switch having
the electrical switch located within a hermeti-
cally sealed chamber so as to be unafiected by
changes in the operating pressures.

A further object of my invention is to provide
an improved pressure-responsive switch which
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may be easily adjusted and accurately calibrated
to maintain a predetermined operating relation-
ship between two different pressure conditions.

It is another object of my invention to provide
a switch of the character described having a
hermetically sealed chamber adapted to be pres-
surized with an inert gas for maintaining the
electric switch under optimum operating condi-
tions, unaifected by external moisture, dirt or
other harmful substances.

A still further object of my invention is to
provide a device of the character described hav-
ing a light weight pressure-balanced housing
construction which is capable of withstanding
substantial pressure changes and yet remain
sensitive fo slight operating variations therein.

These and other objects and advantages of
my invention will become apparent from the
following detailed description of a preferred form
thereof, and from an inspection of the accom-
panying drawings, in which:

Fig. 1 is an end elevation of a preferred em-
bodiment of my improved pressure-responsive
switch;

PFig. 2 is a vertical section taken along the
longitudinal axis of the preferred device show-
ing the operating plate in a position to actuate
the switch button; and

Fig. 3 is a vertical section similar to Fig. 2
with the operating plate and switch button shown
in a normal position.

Referring now to the drawings and particularly
to Fig. 1 thereof, the numeral 1§ indicates gen-
erally a cylindrical housing which encloses a
preferred embodiment of my device. The hous-
ing 10 includes a horizontally disposed rigid shell
I1 which is closed by a flexible end wall or dia-
phragm 12 and a central flexible diaphragm 13
to define an inner chamber i4. An electrical
switeh 15, preferably of the miniature snap-act-
ing type, is mounted within the chamber 14 and
is provided with an operating lever or button (6
which faces the central diaphragm {3. The but-
ton 16 is movable towards or away from the
switch i85 to open and close electrical contacts
within the switch, and is normally spring-urged
to an outwardly projecting position. As can be
understood, with the button 18 in its normal posi-
tion the electrical circuit through the switeh {5
may be either open or closed, depending upon the
desired construction of the latter.

At the opposite end of the shell {i from the
diaphragm 12 is a cap or rigid outwardly convex
end wall 17 which defines with the central dia-
phragm i3 a pressure chamber {8 that is adapted
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to be connected to a selected pressure source.
Since the cap 17 is rigid while the diaphragm {3
is flexible, it can be seen that pressure variations
within the chamber {8 will tend to cause move-
ment of the diaphragm along the axis of the
housing 18. This movement of the diaphragm {3
is utilized to actuate the switch button {6 for
opening and closing the electrical contacts of the
switeh (8.

Likewise, it can be seen that since the flexiblé
diaphragm 2 is exposed to the ambient or ex=
ternal pressure without the housing {8, variations
in the ambient pressure will tend to cause move-
ment of this diaphragm alo the ams of the
nousing. Insofar as the pressure-responsive op-
eration of the device is concerned, it is desired
to control the operation of the Switchr {5 in re-
sponse to the pressure differential between the
ambient pressure and the pressure within the
chamber I8

ess_aie varlatxons in éither of the ope1at1ng
S , To accomphsh thls end I prov1de

dlaphL agm walt and mamtam a constant Volume
within the chambér i ‘whilé moving axially of
the Housing {6 in responsé to the pressure differ-
ential between tbe chamoer {9 and the ambient
pressare

The shell H 1s formed as & uhl’} walled rigid
ders 20 and 2! pL esséd therem to oY ov1de opnased
séats for the didphragms §2 and {3, resrectlvelv
Preferably the diaphragnig #2 and {8 are formed
a5 fAexible metal disks curved conéavely towards
the chamber 4. in opposed relai’nonchlp, and
having. substantml‘y équal -areds to create a Lal-
ancsd total pressuré: thereon. 'Fhe edges of the
diaphragms {2 and & aré brazed or otherwise
sultably secured to. the shell &1 to seal the cham-
ber. £4, and- the center portion. of edch. diaphr agm
is supported by an expansible arcuate rim por-
tion 22.s0.as.to. be.free for a greater amount. of
movement alcgg the. axis of the.shell i, The
use. of the expansiple rim. portion 22: permits a
greater flexure of the diaphragm. cénters without
exceeding. the. elastic. limits of. the. diaphragm

material and hence provides for a more-accurate.

calibration of the device.
Extending axially: through the chamber (4.is.a
linking: rreans such as & shaft.25 which centrally

connects. the. diaphragms {2 and. 3. for unitary.

or- parallél movement. 'To support the shaft 2%
an internally thregded.hoss or sleeve 28.is moung-
ed: on. the. diaphragm.
thieaded. gocket. or. cap.21. is similarly mounted
on: the., diaphtagm. {3z

within the. sleeve 28:and socket 27 so as to lock
the digphtragms. (2. and: {3 together. An operat-
ing. platé or. cirenlar disk 38 is fixed to the.shaft
25.adjacent the switch {5 and extends radially a

sufficient: distance to engage the switch ope*‘atme»

button [8: As thé shaft 25 moves in accordance
with:the movement of thé diaphragms- 12 and {3,
the opera‘mng plate 30 causes mévement- of- the
button: 6 to efféct- openlno and closing of the
switch eontacts:

The outer end of- the shaft 25 is provided with
a tool-engagmg slot 32 for adjustment- of the
shaft -relativeé to the diaphragms #2- and- {3:
When the shaft 25 18 rotated relative to the sleeve

26 and-socket 21, thé operating plate 38 is moved-

A‘ the same txme i 1s desired that

{2 and an internally.

The shaft. 25:.is provided:
with. threaded. end: portions 28 which. engage.
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axially with respect to the operating button (8.
Thus a simple means is provided for calibration
of the device after assembly. After a proper ad-
justment of the device is obtained, the shaft 2§
may he soldered or otherwise sealed within the
sleeve 26 to fix the adjustment and prevent any
pressure leakage across the d1aphrafrm i2.

In order to connect the chamber 1§ with an
operating pressure source, the cap 17 has a cen-
tr¥al opening 35 defined by an inturned flange 36.
A coupling bosg &7 is welded within the flange 36
#¥d projects outwardly for threaded engagement
with the end of a conduit 38 which leads from
the s€ ected press ¢ source. The outer edges of
the cap {7 are t ned to form a rim $8 which fits
tightly within the end of the shell {{ and is sealed
into place by brazing or similar operation to seal
the chamber 12 from external pressure. As can
bé undérstood, since the: -cap member {7 is of rigid
construction the pressure within the.chamber 18
wﬂl act only on the ﬂex1b1e dlaphraﬂm i3, and,
the' movemﬂnt of the latter will acetrately xeﬂect.
the pressure d1fferent1a1 ex1stmg between the.
ehamber pﬁ‘essme and the amb1ent p1essure -

Aoove the
the shell i
io

e of 4 type prowdmo a- helmeuc se
chambér- 1 4-and the outelde of the shell ! 5
the' connector 83 and-the gaskct 54 P 1df> press
sure seals into the chamber {4, and theré is Tigtle
or-Nno ro~51b111ty of:préssure Jeakage thérein.

In the manufacfﬂue of My improved: a\VltCh a
capillary connection- 58 ig: passed thy olUg¥ the sh "1»* '

, and- the. chamber 4 is: évacuated and: filleq:

Wl.th an inert gas. "The: choice of & $uitable inert:
gas and the pr essurlzabzon oOf the chamber 14 will-
be détermined. largely by the- antmlpated condi=
tions. undér which the devicz is t6 be used:
Moderate pressurlzatlon wilk be suitable for most
uses, and will provide digleetric cenditions. such:
that there will: not' be any avcing at the contdets-

of the switch 15 or. any deférioration. of: the.
switeh becduse.of moisture.condénsation; fungus.
growth. or: other well- -Enown. difficulties.

Iy operation; the. {,HEQSUIP within. the.chambeéy
M will be unaffected. by variations.in the opér at~

g pressures. The diaphragms {2 and move-.

as,a unitary. structure.becguse.of the provision. o6f
the. linking means. 25; snd. the voluwme. of: the-
chamber. 4. remains constant: In.Fig: 2:I have.
illustrated. the' condition under.which the pres-.
sure within the chamber {8 is greater thign that:
of the ambient pressure. without. the. diaphragin
12. Under. this. conditien theé. plessure acting-
against: the dlaprnagm (8- ovércomes- the preg-
sure acting agamst thé dxaphlagm ¥2; and both
d1anhragms ale ﬂexed towalds the rlght- anﬁ“

Ty

‘and the operating plecte 30 pUShes the sWiteh -
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button 16 inwardly to set the switch contacts into
either an “on” or “off” position. In Fig. 3 I have
illustrated the condition under which the ambient
pressure exceeds the pressure within the cham-
ber 18. The diaphragms 12 and {3 are flexed to
the left and the operating plate 38 moves there-
with, to allow the switch operating button 1% to
return to its normal outwardly projecting posi-
tion, and causes the switch contacts to be set
in the opposite position to that of Fig, 2.

In the foregoing I have shown and described
a preferred embodiment of my invention which is
simply and durably constructed and is fully capa-
ble of accomplishing the objects and advantages
of the invention. However, many changes of de~
sign and construction will be apparent to those
skilled in the art, and I do not wish to be limited
to the details herein described, except as defined
in the appended claims.

Iclaim:

1. A switch of the class deseribed which in-
cludes: a rigid housing having an open end; an
outer flexible diaphragm closing said housing and
sealed therewith; an inner flexible diaphragm
mounted within said housing parallel to said
outer diaphragm and having an ares substan-
tially equal to that of said outer diaphragm, said
inner diaphragm dividing said housing intc a first
sealed chamber closed by said inner and outer
diaphragms and a second sealed chamber be-
tween said inner diaphragm and the closed end
of said housing, said second chamber being
adapted to be connected to a selected fluid pres-
sure source; a linking shaft disposed axially
through said first chamber and extending out-
wardly through said outer diaphragm, said shaft
being threadedly connected to said inner and
outer diaphragms for axial adjustment there-
along while holding said diaphragms spaced a
constant distance apart for unitary parallel move-
ment to maintain a substantially constant volume
in said first chamber; switch means mounted in
said first chamber and externally connectible
through the wall of said housing, said switch
means having an operating member operable to
open and close switch contacts upon axial move-
ment thereof; and a generally circular operat-
ing plate secured to said linking shaft adjacent
said switch operating member to move said mem-
ber in response to movement of said diaphragms,
said plate rotating with said shaft as the latter
is turned to adjust the axial position of said plate,
whereby the operating range of said switch may
be adjusted, and said plate at all times presents
an area to said operating member.

2. A switch of the class described which in-
cludes: a rigid tubular housing; a rigid cap mem-
ber sealed to one end of said housing and adapted
to be connected to a selected fluid pressure
source; an outer flexible diaphragm sealed at the
other end of said housing and having an inwardly
concave center portion capable of limited axial
movement; an inner flexible diaphragm sealed
across the interior of said housing to divide said
housing into a first chamber closed by said dia-
phragms and a second chamber closed by said
inner diaphragm and said cap member, said
inner diaphragm being substantially equal in
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area to said first diaphragm and having an op=
posed concave center portion capable of limited
axial movement; a linking shaft disposed axially
through said first chamber and extending out-
wardly through said outer diaphragm, said shaft
being threadedly connected to said inner and
outer diaphragms for axial adjustment there-
along while holding said diaphragms spaced a
constant distance apart for unitary parallel
movement to maintain a substantially constant
volume in said first chamber; switch means
mounted in said first chamber and having an
operating button facing one of said diaphragms
and operable to open and close switch contacts
upon axial movement thereof; a sealed external
connector mounted in the wall of said first cham-
ber and connected to said switch means; and a
generally circular operating plate secured to said
linking shaft for movement therewith and ex-
tending outwardly therefrom to engage said
switch operating button and move said button in
response to the movement of said diaphragms as
the pressure differential between the pressure of
said second chamber and the ambient pressure
changes, said plate being adjustable axially with
respect to said button by external rotation of
said shaft, and presenting an area to said button
at all times regardless of the rotation of said
shaft.

3. A switch of the class deseribed which in-
cludes: a first chamber having a pair of movable
walls at opposite ends thereof, said chamber be-
ing hermetically sealed; a second chamber adja~
cent said first chamber and closed by a rigid
housing and one of the movable walls of said
first chamber, said second chamber being adapted
to be connected to a suitable fluid pressure
source; an internally threaded socket centrally
mounted on said one movable wall and opening
into said first chamber; an internally threaded
sleeve centrally mounted in the other of said
movable walls; a threaded rod extending through
said sleeve, through said first chamber, and into
said socket, said rod being axially adjustable with
respect to said movable walls by rotation of said
rod, and holding said walls spaced a constant dis-
tance apart regardless of the axial position of
said rod; switch means mounted in said first
chamber and externally connectible through the
wall of said first chamber; and a generally cir-
cular plate mounted on said rod for movement
therewith, said plate at all times presenting an
operating area to the actuating member of said
switch means regardless of the rotation or axial
position of said plate.

GEORGE A. STARBIRD.
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