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11, Winnetka, and William A. Marshall, Jr., Chi-
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to Stewart-Warner Corpora-

“tion, Chicago, 1IL, & corporation of Virginia »
Application June 16, 1945, Serial No. 599,846
16 Claims. (Cl 200—-81.4)

This invention relates to electric switches and
it has a wide range of application in the control
of electric circuits employed for various pur-
poses. Particularly on airplanes or other ve-
hicles in which there is considerable vibration it
is important to provice a switch having its con-
tact elements held either in or out of contacting
position positively or with sufficient definiteness
so that vibration of the structure on which the
switch is mounted shall not disturb the condi-
tion of the switch. Otherwise the device con-
trolled by the switch mray operate intermittently
instead of continuously as intended or may be
placed in operation at times when it should be
de-energized.

One object of this invention is to provide a new
and improved pressure actuated electric switch
having means to prevent unintended operation
thereof in response to vibration. :

Another object of the invention is to provide a
new and improved pressure actuated electric
switch having a confined hydraulic fluid serving
as a cushioning medium to prevent abnormal op-
eration of the switch. .

A further object of the invent’on is to provide a
new and improved electric switch having hy-
draulic: cushioning means for its movable parts
and in which the cushioning means will be effec-
tive. independently. of the position in which the
switch is mounted. or carried.

1t is also an object of the invention to provide
a new and improved electric switch in which the
contact making and preaking means operates
within a sealed chamber.

An additional object of the invention is to pro-

vide a new and improved electric switvh having

means for actuating the contact making and
breaking eléments mechanically but by remote
control as for example through the medium of
a confined fluid. .

Other obiects and advantages will appear from
the following description taken in connection
with the drawings, in which:

PFig. 1 is an axial sectional view showing the
internal construction of a pressure actuated
switch embodying this invention;

Flg. 2 is an axial sectional view showing a
modified construction, taken at line 2—2 on

Fig. 3 is a plan section taken substantially as
indicated at line 3—38 on Fig. 2;

" Pig., 4 is a detail section taken as indicated
at line 4—& on Fig. 2;

Fig. 5 is a detail section taken as indicated at

line 5—5 on Fig. 2;

Pig. 6 is a detail section taken as indicated at
line 8-—6 on Fig. 2.

As shown in Fig.°l, the switch mechanism is
enclosed in a housing comprising an end wall

10 and an end wall 12 with interposed fllter mem-

. bers: {4 and 16 which engage the peripheral por-
tions of the end walls and are secured between

10

15

20

them by clamping bolls or screws {8. The end
walls 10 and 12 will usually be of cast metfal con-
struction although for some purposes synthetic
plastics might be employed for these parts. The
fillers (4 and I8 are preferably of electrical in-
sulating material because there {s secured be-
tween them a partition member 20 which is pref-
erably of electrically conductive material. and
which has & lug 22 extending outside the casing
and beyond the peripheral outlines of the flllers
14 and (6 for attachment of a circuit lead wire .
24 by means of a binding screw 26. A palr of
flexible diaphrasms 28 and 30 extend across the
chamrber formed between the end walls 10 and 12,

© the perivheral portions of the diaphragms being
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clamped between the fillers 14, 16 and the end
walls 10 and 12 by the clamping action of the
bolts 18. The diaphragms are spaced apart from
each other and the end walls 10 and 12 are formed
to provide spaces 32 and 34 between the outer
faces of the diaphragms and the respective end
walls. :

The wall 10 includes a centrally disposed recess
or pocket 36 which houses a light spring 38 en-
gaging the central portion of the diaphragm 28
for stabilizing it; and the wall 12 is formed with &
centrally disposed recess or pocket 40 which en-
closes a somewhat heavier spring 42 reacting be-
tween the diaphragm 30 and a plate or disc 44 car-
ried by an adjusting screw 46 having threaded en~ -
gagement with the end wall of the pocket 40 with
a lock nut 48 for retaining the screw in adjusted
position. Each ‘diaphragm is secured between
reinforcing plates 50 and 52; and both dia-
phragms carry centrally disposed insulating
washers 64 for seating the springs 38 and 42 re-
spectively. At the center of each diaphragm &
bolt 56 secures the plates 50 and 52 and the
washer 54 in assembled relation. :

The bolt 56 in the diaphragm 28 carries an elec-
trical contact button 58 and the bolt 56 in the
diaphragm 30 carries a contact button 60 while
the partition 20 supports & double-faced contact
button 62 adapted to engage either the contact 58
or the contact 60.. The contact 58 is connected
to a lead wire 64 secured to a binding post 66, the

. connection being conveniently completed through

55

g flexible conducting wire 68 extending from the
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binding post 88 to the reinforcing plate 580 which
is in contact with the bolt 56 at the center of the
diaphragm 28. The contact 60 is similarly con-
nected to a lead wire 70 through a binding post 12
and flexible conductor 14 extending inside the
housing from the binding post 12 to the plate 50
associated with diaphragm 30. The binding posts
68 and 72 are secured in Insulating bushings 16
which are set in suitable bosses formed in the end
walls {0 ang 12 respectively,

As Indicated in the drawing the space between
the diaphragms 28 and 30 contains a fluid me-
dium 78 which is of the general character of the
hydraulic fluid employed in brake systems and
the like for transmitting movement and this fluid
completely fills the space between the dia-
phragms and is confined by them. A small port
80 In the partition 20 affords restricted communi-
cation through the partition.

In the particular switch lustrated in Plg. 1
the spring 42 normally holds the contact 60 in
engagement with the contact §2 on the partition
20, the diaphragm 30 being flexed toward the par-

. titlon in this position of the parts, while the con-
tacts 62 and 58 are shown separated. The space
32 between the diaphragm 28 and the end wall
10 is connected by g pipe or tube 82 with a source
of pressure which may be gas or air pressure
involved in the operation of an apparatus, as,
for example, an interns] combustion heater in
which it is desirable that the igniter circuit shall
not be closed until an air supply at a certain pres-
sure is available for combustion or for circula-
tion, or both. On the other hand, the air or gas
supplied under pressure through the pipe 82 may
be simply an operating medium for transmitting
movement from a manual control device or other
mechanism to the diaphragm 28. When 1 pre-
defermined pressure is applied to the chamber
32 by the fluld medium acting through the pipe
82, the diaphragm 28 will be moved toward the
partition 20. This will gradually force the fluid
18 through the restricted orifice 80, thus increas-
ing the volume of fluid on the other side of the
partition and forcing the diaphragm 30 away
from the partition so as to separate the contacts
60 and 62, opening a circuit which includes the
lead wires 24 and 70. Continued pressure on the
diaphragm 28 will bring the contact 58 into en-
gagement with contact 62, thus closing the circuit
which includes the lead wires 24 and 64,

In some instances there may be only one circuit
involved and the lead wire 10 may be omitted so
that no particular result follows the separation
of contacts 60 and: 62, but for other purposes it
may be desirable to control two circuits or elec-
trical devices In the manner described. In some
cases the tube 84
between the diaphragm 30 and the end wall {2
will be merely a vent to provide atmospheric pres-
sure for the space 34; in other cases the control
of the electrical circuits connected with the switch
device may depend upbon & differential, as between
variable pressures applied respectively to the two
diaphragms through the pipes 82 and 84. In
elther case, when the pressure through the pipe
82 is no longer sufficient to overcome the pres-
sure applied through pipe 84 plus the force of the
spring 42, the fluid 18 will be returned through
the orifice 80 to the space between the partition
20 and the diaphragm 28, causing the contacts
§8 and 62 to be separated and finally permitting
the contact 69 to again engage contact §2.

In Figs. 2 to 5 inclusive there is shown a modi-
fled construction in which the contact elements

leading from the chamber 34 .

. 4
of the circult making and breaking devices are
located within the same enclosing housing as the
diaphragms and retarding fluld but not within
the body of the fluid itself. The housing is shown
5 at 90 as of cylindrical form and it encloses a
Spacer ring 82 secured in place by bolts 84 which
extend through the marginal portion of the head
or bottom wall 88 of the cylindrical casing and
are threaded into g flanged ring 88 permanently
10 secured, as by welding, to the cylindrical wall 80
of the housing. The bolts 94 thus serve to hold
end wall 96 in place . At the same time the clamp-
ing action of the bolts 84 secures marginal por-
tions of a partition wall 108 between the ring 82
15 and the part 98 and similarly secures the mar-
ginal portions of diaphragms 102 and 104 which
are located respectively above and below the wall
100, A central orifice {08 affords communication
between the space above the partition 100, and the
20 Sbace below it enclosed within the two dia-
phragms, and the entire space between the dia-
phragms is filled with g fluid 108 which may be
in the nature of the fluld employed in hydraulic
brake systems, '

The two diaphragms {02
coupled together by means of g threaded rod 110
which engages a threaded button (2 clamped
In & central opening in the diaphragm 102, and
a button {14 similarly clamped in the central
30 opening of the diaphragm {04, Stiffening discs

116 and 118 are secured respectively against the
upper face of the diaphragm 102 and the lower
face of the diaphragm 104 by the buttons {12 and
{14. The upper end of the rod 110 is screwed into
35 the hub 120 of 8 flexible three-armed spider (22,
having the outer ends of its arms secured by
screws 124 to g supporting member 126 mounted
In the housing and attached to the cylindrical
wall 80 thereof. The spider (22 thus centers and
4¢ steadies the rod 110 throughout the vertical range
of its movement which results from flexing of the
diaphragms 102 and 104,
Such movement of the diaphragms occurs in
response to changes of pressure acting against
45 them within the housing 80: an inlet pipe 128
tapped into the bottom wall 86 will connect the
housing with a source of pressure which may be
8as or alr pressure involved in the operation of
an apparatus. The upper portion of the housing
50 90 is provided Wwith an opening in the top wall
87 which may be merely a vent to atmosphere or
which may be connecteq by pipe 1308 with a second

-Source of pressure when the device is to be re-

Sponsive to the differential between the two pres-
§5 sures,

The vertical movement of the rod (10, in re-
sponse to variations of pressure acting against
the diaphragms 102 and {04, may be utilized to
actuate several electric switches or contact de-
60 Vices; as shown, the housing 80 encloses two such

- devices, each comprising a movable contact arm

132 and a pair of fixed contacts |34 and {38. The
arms 132 are clamped to g block 138 of insulating
materia] supported by a bracket arm 140 which
65 extends from the ring 98, and suitable conductor
wires {42 and 144 provide electrical connections
from the arms 132 extending outside the housing
88. Thearms (32 are fairly flexible adjacent their
Securement to the block {38 but between this
70 point and their free ends they are somewhat
stiffened by margina] flanges 148 and these stiff-
ened portions are engaged by an actuating bar
148 of insulating material which is attached to
the diaphragm (02 by a bracket 1850, Vertical
.75 movement of the diaphragm 102 is thys trans-

25 and 104 are positively
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mitted to the arms' 132 for causing them to en-
gage either the contacts t34 or the lower con-
tacts 136 for closing the circuits corresponding
respectively to said contacts. The contacts 134
are provided with conductor wires 152 and (54
leading outside the housing 90 and the contacts
138 are shown with conductors 188 and 158 simi-
larly extending outside the housing 80.

The member 26 which is anchored in the hous-
ing 90 includes radial arms 121 extending in-
wardly to form a substantially rigid spider and &
coil spring 182 is arranged to react between this
spider and a nut 164 which is adjustable on the
threaded rod/llo. Preferably, cupped washers
166 and 188 dre interposed between the ends of
the spring and the spider and nut respectively.
Thus the spring may be adjusted to provide an
initial- biasing force operating downwardly
against the diaphragms 102 and 104 in opposi-
tion to an actuating fluid pressure entering the
housing through the pipe 128 and operative
against the diaphragm 104, and in this manner
the device may be set to respond to a predeter-
mined pressure in that direction. If there is also
a variable pressure supplied through the pipe
130 the operation of the diaphragms and actu-
ation of the switch arms (32 will depend upon
the differénce between the two pressures modified
by the force of the spring {62 in one direction.
In any event. the movement of the diaphragms in
either direction can ocecur only as rapidly as per-

mitted by the transfer of fiuid 108 through the’

orifice 106 and the dash pot effect thus produced
will prevent movement of the rod {10 and bar
148 in response to vibration or jarring of the
structure upon which the switch device is carried.

As shown in Figs. 2 and 4, the contacts 136 are
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definitely located by mounting them on & bar -

of insulating material 170 which is bolted to a
bracket 141 extending from the ring 98. To per-
mit adjustment of the distance between the con-
tacts 136 and 134, the latter are secured to a bar
1712 of insulating material which rests upon
spacer springs IT4 disposed between the bar 112
and the bar 170. The securing bolts 116 which
extend through both bars are provided with nuts
118 bearing against the upper face of the bar
112 so that adjustment of these nuts will com-
press the springs 174 to a greater or less degree
and thus shift the bar 172 and the contacts 134
vertically with respect to the contacts 136. Cor-
responding adijustment of the range of movement
of the diaphragms (02 and {04 is effected by
means of a stop nut {80 on the threaded rod 110
and a lock nut 182 associated therewith. The
stop nut 180 positively limits upward movement
of the diaphragms when it engages the washer
{86 which abuts the under surface of the spider
126; downward movement of the diaphragms is
checked when the button 112 encounters a boss
{84 upraised from the surface of the partition
100 adjacent the port 106 incidentally preventing
closure of the port by the button 112,

While there is shown and described herein cer-
tain structure embodying this invention, it is
to be understood that the invention is not lim-
ijted thereto or thereby but may assume numerous
other .forms and that it includes all modifica-
tions, variations and equivalents coming within
the scope of the claims.

We claim:

1. A pressure actuated switch device compris-
ing a closed chamber, & pair of flexible di-
aphragms extending across said chamber in
spaced relation

40
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-aphragms respectively,

between them, a relatively rigid partition in the
chamber disposed between sald diaphragms and
having a restricted orifice permitting limited -
flow of the fluid from one side of said partition
to the other side, an electrical contact element
carried by each of said diaphragms and electrical
contact means carried by the partition in position
to engage the other contacts, means for applying
pressure against one of said diaphragms and
yielding means reacting in the opposite direction
against the other diaphragm.

2. A pressure actuated switch device compris-
ing a closed chamber, & pair of flexible diaphragms
extending across said chamber in spaced relation
with a quantity of flu'd confined between them,
a relatively rigid partition in the chamber dis-
posed between said diaphragms and having a
restricted orifice psrmitting limited flow of the
fluid from one side of said partition to the other
side. an electrical contact element carried by each
of said diaphragms and electrical contact means
carried by the partition in position to engage
the other contacts, condult means communicat-
ing with the chamber at one side of one di-
aphragm for applying fluid pressure thereto, and
ylelding means reacting in the opposite direc-
tion against the other diaphragm.

3. A pressure actuated switch device compris-
ing a chamber, a pair of flexible diaphragms €x-
tending across said chamber in spaced relation
to each other and in spaced relation to opposite
walls of the chamber respectively, a relatively
rigid partition dividing the space between the
diaphragms and having a restricted orifice, a
quantity of fluid filling the space between the
diaphragms, separate pressure means in the
spaces between the diaphragms and sald opposite
walls of the chamber operative against the di-
electric contacts carried
by said partition, and electrical contact elements
carried by said diaphragms in positions to en-
gage the first said contacts and movable into and
out of their contacting positions by changes in
the relative force of the respective pressure
means.

4, A pressure actuated switch device compris-
ing a hollow body composed of opposed end walls
with fillers engaged between the peripheral por-
tions of said end walls and forming the lateral
walls of said body, clamping means securing said
parts together with a relatively rigid partition
dividing the space. between said end walls and
having its peripheral portion clamp between ad-
jacent fillers, a pair of flexible diaphragms spaced
from opposite sides of the partition respectively
and peripherally supported by said fillers, & quan-=
‘tity of fluid confined between the diaphragms,
caid partition having & restricted orifice, elec-
trical contact elements carried by said di-
aphragms, yielding means reacting between one
of the diaphragms and the adiacent end wall,
and means for applying fluid pressure between
the other diaphragm and the adjacent end wall
for shifting said contact elements. .

5. In a pressure actuated switch as defined in
claim 4, said yielding means comprising a spring,
and means accessikle outside the body of the
device for adjusting the tension of said spring.

6. In g pressure actuated switch device as de-
fined in claim 4, said fillers being of insulating
material and the partition being of electrically
conductive material with means for connecting
a lead wire thereto outside the body of the device,

with a quantity of fluid confined 75 whereby sald partition cooperates with the con-
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tact element of at least one of the diaphragms
to complete an electric circuit.

7. A switch device comprising & pair of flex-
ible diaphragms forming opposite walls of a
chamber with a quantity of substantially incom-
pressible fluid conflned between them, a rela-
tively rigid partition extending across the cham-
ber between said diaphragms and having a re-
stricted orifice, an electrical element carried on
the inner face of each diaphragm and an electrical
contact element carrled by said partition in posi-
tion to engage cither of the other contacts and
normally engaging one of them, and means ar-
ranged to apply pressure to the outer face of the
diaphragm which carries the other confact,

8. A switch device comprising a palr of flexible
diaphragms forming opposite walls of a cham-
ber with a quantity of substantially incompres-
sible fluid confined between them, a relatively
rigid partition extending across the chamber be-
tween said diaphrasms and having a restricted
orifice, an electrical contact element carried on
the inner face of each diaphragm and an elec-
trical contact element rarried by said partition
in position to engage either of the other contacts,
supporting structure for said chamber, yielding
means reacting between said structure and the
outer face of one dlaphragm normally holding its
contact in engagement with the contact on the
partition, and means arranged to apply pressure
to the outer face of the diaphragm. :

9. A pressure actuated switch device compris-
ing a sealed chamber with g pair of flexible dia-
phragms forming opposite walls of said cham-
ber, a relatively rizid partition spaced ‘between
said diaphragms with a quantity of fluid filling
the spaces between said partition and both dia-
phragms. said partition having a restricted orifice
to permit limited flow of the fluld from one side
of the partition to the ‘other side, a support for
said chamber. means for applying pressure against
one of said diaphragms, yvielding means reacting
against the support and opposing said pressure,
electrical contact means carried by said sup-
port, and means connecting one of said dia-
phragms to said contact means to produce actua-
tion of said contact means upon a predetermined
movement of said diaphragms. . .

-J0. A pressure actuated switch device com-
prising a sealed chamber with g pair of flexihle
diaphragms forming opposite walls of said cham-
ber. a relatively rigid partition spaced between
raid diaphragms with a quantity of fluid filling
the spaces between said partition and both dia-
phragms, said partition having g restricted orifice
to permit limited flow of the fluid from one side
of the partition to the other side, a support for
said chamber, switch means. including a fixed
contact element and 2 movable contact element
hoth mounted on the support, means for apply-
ing pressure against one of said diaphragms,
vielding means reacting against the support and
onnosire caid prescure, and means connecting
one of said diaphragms to said movable contact
member for actuating it.

11. A pressure actuated switeh device com-
prising a sealed chamber with g palr of flexible
diaphragms forming opposite walls of said cham-
ber. a relatively rigid partition spaced between
said diaphragms with g quantity of fluid filling
the spaces between said partition and both dia-
phragms, said partition having a restricted orifice
to permit limited flow of the fluid from one side

of the partition to the other side, a support for.

said chamber, switch means including a fixed

10

8
& movable contact element
both mounted on the support, means for apply-
ing pressure against one of ‘sald diaphragms,
yielding means reacting against the support and
opposing said pressure, g rigid member connect-
ing a movable portion of one diaphragm with a
movable portion of the other diaphragm and
also connecting said diaphragms to said movable
contact member for actuating it.

12. In a pressure actuated switch device as

contact element and

" defined in claim 9, adjustable stop means posi-

20

49

43

GO

tively limiting the movement of said diaphragm in -
response to said pressure,

13. A pressure actuated switch device compris-
ing a sealed chamber with & pair of flexible dia-
phragms forming opposite walls of said cham-
ber, a relatively rigid partition spaced between
said diaphragms with g quantity of fluid filling
the spaces between said partition and both dia-
phragms, the partition having a restricted orifice
to permit limited flow of the fluid from one side
of the partition to the other side, a support for
said chamber, switch means including a palr of
fixed contact elements spaced apart on the sup-
port and a movable contact element also mounted
on the support for engagement alternatively with
said fixed contacts, means for applylng pressure
against one of said diaphragms, ylelding means
reacting against the support and opposing said

-pressure, means connecting one of said dia-

phragr{xs to sald movable contact member for
actuating it, and stop means positively limiting
the movement of the diaphragm in either direc-
tion,

~ 14. In a pressure actuated switch device as
defined in claim 13, means for adjusting the spac-
ing of said fixed contact elements from each
cther, and adjustable stop means positively limit-
ing the movement of said diaphragm in both
directions. )

15. A pressure actuated switch device compris-
ing a closed chamber, a pair of flexible diaphragms
extending across said chamber in spaced rela-
tion, a relatively rigid partition in the chamber
spaced between ‘said diaphragms with a quan-
tity of fluid filling the space between said parti-
tion and both diaphragms, said partitions having
8 restricted orifice to permit limited flow of the
fluid from one side of the partition to the other
side, said chamber including a substantially gas
type compartment between its end wall and one
of said diaphragms and g second gas type com-
partment between its opbposite end wall and the
other diaphragm, an opening in each end wall
for applying fluld” pressure against said dia-
phragms respectively for moving them in accord-
ance with the differential between the respective
pressures in said compartments, and electrical
contact means housed in the chamber and con-

~ nected to one of the diaphragms for actuation

G5

75

thereby in response to changes In said pressure
differential.

16. In a pressure actuated switch device as de-
fined in claim 15, a threaded rod connecting the
two diaphragms and extending therefrom into
one of the compartments of the chamber, a
rigid spider supported in said compartment with
a clearance opening at its center through which
said rod extends, a flexible spider having arms
attached to the rigid spider and a central por-
tion threaded on to said rod, an adjustable nut
on said rod with a spring reacting betwesn said
nut and said rigid spider biasing the diaphragms
in one direction, and a stop nut on said rod en-
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_ gageable with the spider to limit movement of
the diaphragms in the opposite direction. UNITED STATES PATENTS
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