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This invention relates generally to pressure 
controlled operating mechanisms and more 
specifically to an improved apparatus which is 
operable in response to action of pressure exist 
ing within parts of the apparatus to regulate 
flow of fluid which serves to actuate a device 
whose operation is controlled by the improved 
Operating apparatus, the predominant object of 
the invention being to provide an improved ap 
paratus of the type referred to which is of simple 
construction and is capable of performing its in 
tended function in a highly efficient manner. 
The improved apparatus of the present in 

vention is adapted for various uses, and in order 
that its operation may be understood we choose 
to describe herein, in brief form, a use of the 
improved apparatus where it is employed with 
a submarine boat for the purpose of automati 
cally actuating valves, or other operable parts 
of the boat structure, in response to differences 
in pressure of atmosphere within the interior of 
the boat and water exterior of the boat, the par 
ticular function performed by the improved ap 
paratus in the use thereof which is described 
herein being to control actuation of valves which 
regulate passage of water into and out of the 
ballast tanks of the submarine boat. 

Fig. i is a vertical section of the improved 
apparatus. 

Fig. 2 is a plan view of the apparatus illus 
trated in Fig. 1. 

Fig. 3 is a diagrammatical view showing one 
use of the improved apparatus where it is emi 
ployed in association with a Submarine boat. 

In the drawings, Wherein is shown for the 
purpose of illustration, merely, One emobdiment 
of the invention, A designates the improved ap 
paratus gradually. The apparatus A includes a 
pressure regulator which is produced by a lower 
body portion 2 and an upper body portion 3. The 
lower body portion 2 is of hollow formation, pro 
viding a chamber 3’ therein, and extended trans 
versely of said chamber is a bridge portion 4 
which extends from one to an Opposite side wall 
portion of the lower body portion 2. The bridge 
portion 4 is substantially smaller in cross-sec 
tion than the diameter of the chamber 3' so that 
portions of the chamber which are disposed at 
opposite sides of the bridge portion serve to con 
nect the portions of the chamber that are lo 
cated below and above the bridge portion. The 
chamber 3' is closed at the bottom of the lower 
body portion 2 by a cap 5 which is disposed in 
screwthreaded engagement with the lower por 
tion of said lower body portion. 

5 

10 

20 

25 

3 5 

40 

The upper body portion 3 of the regulator is 
in the form of a ring which is provided with out 
wardly projected ears 6 that are located at op 
posite sides of said upper body portion 3, said 
upper body portion being Supported by an an 
nular seat which is formed at the upper por 
tion of the lower body portion 2, and an annular, 
upstanding, marginal flange 8 being formed on 
said lower body portion at the top thereof which 
embraces the lower part of the upper body por 
tion and centers said upper body portion with 
respect to the upper part of the lower body por 
tion. The pressure regulator includes a dia 
phragm 9 which is provided with a lower, out 
wardly projected, annular extension fo that is 
clamped between the lower and upper body por 
tions 2 and 3 of said pressure regulator , a 
plurality of fastening devices being employed 
to secure the lower and upper body portions 
together and to clampingly engage the annular 
extension fo of the diaphragm therebetween. 
The diaphragm 9 is produced by an assembly of 
diaphragm Sections suitably secured together, 
said diaphragm including an upper Wall, an an 
nular side Wall of corrugated formation, and the 
outwardly projected extension O previously 
mentioned, and the interior of said diaphragm 
is in communication with the chamber 3' of the 
body portion of the pressure regulator . 
Formed longitudinally through the bridge por 

tion 4 is an inlet passageway 2 which at its 
outer end is in the form of an enlarged portion 
f2' provided with a screwthreaded wall. The 
inlet passageway f2 terminates at its inner end 

5 in a cavity 3 provided with a screwthreaded 
wall and threaded into the open lower portion 
of said cavity 3 is a nozzle 4 provided with an 
opening formed therethrough which terminates 
in a discharge orifice 5. The pressure regulator 
includes, also, a discharge passageway 6 which 

opens into the chamber 3' at its inner end and 
terminates at its outer end in an enlarged por 
tion 6' provided with a screwthreaded wall. 
Arranged in embracing relation with respect 

to the bridge portion 4 of the pressure regulator 
is a yoke , the portion of said yoke which 

overlies said bridge portion 4 having an exten 
sion 8 projected upwardly therefrom which 
terminates at its upper end in a conical valve 
stem 9. At the lower end portion of the yoke 
f7 a member 20 is suitably fixed thereto and 
this member is provided with a downwardly ex 
tended guide 2 having an enlarged head por 
tion 2' which is disposed for sliding movement 

55 in a guideway 22 which is projected upwardly 



2 
from the cap 5. A coil spring 23 is arranged in 
embracing relation with respect to the guide 
way 22, and the opposite ends of said coil spring 
contact, respectively, with a portion of the mem 
ber 20 and with a portion of the cap 5. The 
coil spring 23 serves to stabilize movement of 
the lower portion of the yoke . Additionally, 
the member 20 has formed therein a cavity in 
which is disposed an insert 24 that serves as a 
valve seat which is adapted to contact with the 
discharge end of the nozzle 4. 

Disposed at the upper end of the apparatus 
A is a plate 25 which in plan is of generally cir 
cular shape and which has extended outwardly 
from opposed sides thereof a pair of ears 25'. 
Likewise, the apparatus A includes a similar plate 
26 which is spaced downwardly from the plate 
25 and is provided with a pair of ears 26' extend 
ed outwardly from opposed sides thereof. The 
plates 25 and 26, and the upper body portion 3 
of the pressure regulator are rigidly connected 
together by a pair of tie rods 2 having portions 
which extend through openings formed through 
the ears 25, 26', and 6 of said plates 25 and 26 
and said upper body portion 3, said tie rods be 
ing provided with flanges 2' which contact with 
the top faces of the ears of the upper body por 
tion 3, and nuts 28, which are mounted on said 
tie rods, being arranged in engagement with 
the bottom faces of the ears of the upper body 
portion 3, with the top faces of the ears of the 
plate 25, and with top and bottom faces of the 
ears of the plate 26. 
Secured to and disposed beneath the plate 

26 is a diaphragm 29 which is made up of an 
assembly of diaphragm Sections Suitably secured 
together, said diaphragm including a top Wall, 
a botton Wall and an annular side Wall of cor 
rugated formation. The diaphragm 29 is secured 
to the plate 26 by a bolt 30 which is provided 
with an enlarged head portion 30', the shank 
of Said bolt extending upwardly through a lined 
openings formed through the top wall of the 
diaphragm 29 through the plate 26, and through 
aSSOciated parts of the apparatus and a nut 3 
being screwed on the upper screwthreaded shank 
of the bolt 30 so as to clamp a portion of the 
top Wall of the diaphragm 30 between the head 
of the bolt and the lower face of the plate 26. 
The plate 26 has formed therein an inlet pas 
sageway 32 which leads from an upwardly ex 
tended projection 33 which is formed on the 
plate 26 at the top face thereof and is provided 
With an opening 33' that communicates with the 
inlet passageway 32 and is provided with a screw 
threaded Wall, said screwthreaded opening being 
adapted, if desired, to receive a screwthreaded 
end portion of a pipe or other conductor (not 
shown). The inner end portion of the inlet 
passageway 32 terminates at an annular chan 
nel 34 formed at the surface of the shank of 
the bolt 30, there being a cross passageway 35 
which connects said annular channel 38 with 
a passageway 36 that extends longitudinally of 
the stem of the bolt and which is open at the 
lower surface of the head of the bolt. 
Secured to the lower wall of the diaphragm 

29 and extended downwardly therefrom is a 
member 37, said member being provided with an 
annular flange 37a at its upper end, a portion 
of the lower wall of the diaphragm 29 being 
clamped between said flange and a plate 37' by 
a nut 3. ''. At its lower end the member 3 
is provided with an outwardly extended, annu 
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2,802,024. 
of the diaphragm 9. The lower portion of the 
member 37 has a cavity 38 formed therein which 
is open at the lower end of said member, and 
arranged in communication with said cavity 
at its upper end is an angular passageway 39, 
the outer end of said angular passageway being 
open at a side of the member 37. As is shown 
in Fig. 1 the angular passageway 39 is of sub 
stantially less diameter than the cavity 38 and 
the junction of the wall of the angular passage 
way 39 and the top wall of the cavity 38 pro 
vides a rectangular valve seat with which the 
conical valve stem 9 of the extension 8 of the 
yoke A is adapted to contact. Also, the top 
wall of the diaphragm 9 has secured thereto a 
tubular element 40 which is provided at its up 
per end with an annular, outstanding flange 40', 
Said tubular element and the member 37 being 
Secured to the top wall of said diaphragm 9 by 
fastening devices 4 which extend through alined 
apertures formed in the flanges of said tubular 
element and said member and in the top wall 
of Said diaphragm 9. The tubular element 
Supports a transversely extended pin 42 which 
passes through an enlarged opening 43 formed 
through the extension 8 of the yoke 7. 
The member 37 has formed therethrough 

an opening 44 through which is extended the 
-central portion of a plate 45, said plate being 
Secured to said member 37 by a pin 46 that 
passes through an opening formed through the 
central portion of the plate and is seated in ap 
ertures formed in portions of the member 37 
located at opposite sides of the opening 44. 
Arranged in vertical spaced relation with re 
Spect to the plate 45 is a somewhat similar plate 
4 which has formed therethrough centrally 
thereof an opening 48. The opposite end por 
tions of the plates 45 and 47 are connected to 
gether by tie rods 49 and the nuts 50 asso 
ciated therewith, and the plate 47 is secured 
by a pin 5 to an element 52 which is extended 
through the opening 48 of said plate 47. 
The element 52 is provided at its lower end 

With an outstanding flange 52', between which 
flange 52 and a plate 52a is secured a portion 
of the top Wall of a diaphragm 53, said dia 
phragm being made up of a plurality of assem 
bled diaphragm sections suitably secured to 
gether. The diaphragm 53 includes the top wall 
referred to, a bottom wall, and a side wall of 
corrugated formation, the bottom wall of said 
diaphragm being clamped between a spacer 54 
Which contacts with the top face of the plate 
26 and a plate 54a, and said spacer being pro 
Vided with a centrally located opening 4 
through which the bolt 30 extends. The plate 
5a contacts with the top face of the bottom 
Wall of the diaphragm 53 and the shank of the 
bolt 30 extends through an opening located cen 
trally of Said plate 54a, the nut 3 of said bolt 
30 contacting with the top face of said plate 54a. 
The element 52 has formed therein in its lower 
portion a passageway 55 which is Open at the 
lower face of said element, and said element 52 
has also formed thereon a screwthreaded Open 
ing 56 which extends at an angle to said paSSage 
Way in Communication therewith, and a screw 
threaded end portion of a conductor 57 is screwed 
into said screwthreaded Opening. 

Disposed between the plate 25 and the plate 
47 is a diaphragm 58 which is formed from a plu 
rality of assembled diaphragm sections Suitably 
Secured together, said diaphragm comprising a 

lar flange 37b which is secured to the top wall 75 top wall, a bottom wall, and an annular Side wall 
  



2,302,014 
of corrugated formation. The bottom Wall of 
the diaphragm 58 is secured to the element 52 by 
a flanged, clamping member 59 which is screw 
threadedly mounted on an upstanding, threaded 
stem 60 formed on the element 52, said bottom 
wall of the diaphragm being provided with an 
opening through which said stem 60 extends and 
a portion of said bottom wall of the diaphragm 
which surrounds said opening being clamped be 
tween the lower face of the clamping member 59 
and the top face of the element 52. The top 
wall of the diaphragm 58 is secured to the plate 
25 by a clamping member 6 which includes a 
lower flange portion and a stem extended up 
wardly from said flange portion, said stem be 
ing extended through alined openings formed 
through the top wall of the diaphragm 58 and 
the plate 25. The upper portion of the stem of 
the clamping member 6 is screwthreaded and a 
nut 62 is mounted on this screwthreaded portion 
of the stem, said nut contacting with the top 
face of said plate 25 and serving to draw the 
clamping member upwardly So that a portion 
of the top wall of the diaphragm 58 is clamped 
between the top face of the flange portion of the 
clamping member and the lower face of the plate 
25. 
The stem portion of the clamping member 6 

has formed therein at its Outer face an annular 
channel 63, and extended transversely of said 
stem portion of said clamping member is a pas 
sageway 64 which communicates at its opposite 
ends with said annular channel, said clamping 
member 6 also being provided with a duct 65 
which communicates with said transverse pas 
sageway 64 and is open at the lower face of the 
clamping member 6. Formed in the plate 25 is 
a passage 66 which communicates at its innel 
end with the annular channel 63 and terminates 
at its outer end in an enlarged portion 66' formed 
in an upwardly projected extension formed on the 
plate 25. 
In Fig. 3 is illustrated a diagrammatical view 

Which illustrates one use for the improved ap 
paratus of the present invention, and with re 
gard to this view it will be assumed that the 
compartment B is the interior of a submarine 
boat, that the space C is the interior of a ballast 
tank of a Submarine boat, and that the Valve ID 
controls passage of water from the exterior of 
the submarine boat through the opening E into 
the ballast tank C. It is to be noted from in 
spection of Fig. 3 that the passageway 66 lead 
ing to the interior of the diaphragm 58 has sealed 
therein sufficient pressure to make it operable, 
and its is to be noted also that the conductor 57 
is open at its outer end to the exterior of the 
submarine boat, or, at least, is subject to pres 
sure influence of Water exterior of the submarine. 
Also, the passageway 32 leading to the diaphragm 
29 conducts operative pressure into said dia 
phragm 29 to provide a predetermined pressure 
in said diaphragm. 29. Likewise Fig. 3 illustrates 
a container F for air, or other medium, under 
pressure, with a conductor F leading from said 
container F to the inlet passageway 2 of the 
pressure regulator of the apparatus A, and also 
this view illustrates a conductor G, which leads 
from the discharge passageway 6 of the pres 
sure regulator to a cylinder H. The cylinder 
H has arranged therein for reciprocatory move 
ment a piston J to which is fixed for movement 

. therewith a piston rod K that passes through an 
opening formed through an end wall of the 
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cylinder, said piston rod having pivotally at- 5 

3 
tached thereto a link L which is pivoted at its 
opposite end to the valve D. Additionally, the 
piston rod K supports a pin M that provides an 
abutment for a coil spring N whose opposite end 
abuts against the end wall of the cylinder through 
which the piston rod extends. The coil spring N 
is maintained under compression so that it tends 
to move the piston to the left in Fig. 3. 
In the use of the improved apparatus dis 

closed herein and as illustrated in Fig. 3, the 
diaphragm 29 contains therein a predetermined 
pressure which, when said pressure is greater 
than the pressure within the chamber 3', flexes 
or expands the diaphragm 29 downwardly. Such 
downward movement of the lower portion of the 
diaphragm 29 transmits corresponding down 
ward movement to the yoke 7, thereby moving 
the valve seat 24 away from the lower end of 
the nozzle f4 and permitting high pressure gas 
or liquid to flow into the chamber 3 of the pres 
sure regulator f. When the pressure within the 
chamber 3' equals the pressure within the dia 
phragm 29, the diaphragm 9 flexes upwardly 
thereby restoring the diaphragm 29 to its 
original condition and the coil spring 23 seats 
the valve seat 24 against the lower end of the 
nozzle 4 to interrupt passage of high pressure 
gas or liquid into the chamber 3. This sequence 
of operations is followed through each time 
pressure is withdrawn from the chamber 3’ to 
perform work, the reduced pressure within the 
chamber 3' permitting the diaphragm 29 to be 
flexed downwardly by the greater pressure con 
tained therein to open the nozzle 4 and cause 
high pressure fluid to flow into the chanber 3" 
until the pressure within the chamber 3' equals 
the pressure within the diaphragm 29, where 
upon the diaphragm 9 is flexed upwardly to re 
store the diaphragm 29 to its original condition 
and the coil spring 23 seats the valve seat 24 
against the lower end of the nozzle 4 to inter 
rupt passage of high pressure fluid into the 
chamber 3. 
The diaphragm 58 has sealed therein atmos 

phere, gas, or other medium under a predeter 
mined pressure, and the diaphragm 53 receives 
pressure in response to water pressure exterior 
of the submarine boat through the conductor 57 
which is subject to pressure influence exterior 
of the Submarine boat. It is to be noted that the 
diaphragm 53 operates in the opposite direction 
to the direction of operation of the diaphragm 
29; that is to say the diaphragm 29 expands 
downwardly while the diaphragm 53 expands 
upwardly. This is true also of the diaphragms 
29 and 9 and of the diaphragms 53 and 58, the 
diaphragm 29 expanding downwardly and the 
diaphragm 9 expanding upwardly, while the dia 
phragm 53 expands upwardly and the diaphragm 58 expands downwardly. 

It will be assumed, in the use of the improved 
apparatus disclosed herein, that it is desired to 
submerge a submarine boat equipped with the 
apparatuS to a depth of one hundred feet. In 
this event pressure is introduced into the dia 
phragm 29 to produce therein a pressure equal 
to the Water pressure at a depth of one hundred 
feet and such pressure within the diaphragm 29 
Will expand said diaphragm downwardly to move 
the yoke 7 downwardly and consequently move 
the valve seat 24 away from the lower end of 
the nozzle.f4. As the pressure builds up within 
the chamber 3 of the pressure regulatcr the 
piston J will be moved to the right in Fig. 3 to 
open the Valve D and thus admit water exterior   



4. 
of the submarine boat into the ballast tanks of 
the boat to cause the submarine boat to Stub 
merge. During downward submerging movement 
of the submarine boat the pressure Within the 
diaphragm 53, which is influenced by pressure 
influence exterior of the submarine boat will in 
crease in accordance with the increased Water 
pressure at the lower levels through which the 
submerging boat passes until the Submarine boat 
reaches the desired one hundred feet level When 
the pressure within the diaphragm 55 will be 
approximately the same as the pressure within 
the diaphragm 29. As the pressure within the 
diaphragm 53 increases slightly beyond the pres 
Sure within the diaphragm 29 it Will over-balance 
the pressure of said diaphragm 29 whereby the 
diaphragm 53 will expand upwardly to collapse 
the diaphragm 29 and draw the valve seat 24 
against the lower end of the nozzle 4 to inter 
rupt flow of pressure producing medium into the 
chamber 3' and into the cylinder H. As the 
valve seat is seated against the lower end of the 
nozzle 4 by the greater pressure within the dia 
phragm 53 this greater pressure continues to 
move the member 37 upwardly, and flexes the 
diaphragm 9 in an upward direction, With the 
result that the valve seat Within the member 37 
is drawn upwardly away from the valve stem 9 
to open the bleeder port 39. With this situation 
prevailing the coil spring N will return the piston 
J to its left-hand position within the cylinder H. 
thereby closing the valve D and forcing the pres 
sure-producing medium from the cylinder and 
through the conductor G into the chamber 3 
whence said pressure-producing medium bleeds 
through the bleeder port 39. 
There is a possibility that the air pressure pre 

vailing within a Submarine having the improved 
apparatus associated thereWith may vary, and in 
order to compensate for such condition the dia 
phragms 9, 29, 53 and 58 are so related that 
Variation of air pressure within the Submarine 
is rendered ineffective insofar as its effect on the 
apparatus is concerned. This situation is brought 
about by the fact that the diaphragms 9 and 29 
are based on opposed bases and operate in oppo 
site directions and therefore external pressures 
acting on Said diaphragms are rendered ineffec 
tive by affecting both diaphragms to some degree. 
Likewise, the diaphragms 53 and 58 are based on 
opposed bases and operate in opposite directions, 
and therefore external pressure applied to said 
diaphragms 53 and 58 will affect both of said 
diaphragms equally so as to render such exter 
nal pressure ineffective. 
From the foregoing it is plain that the descent 

of a Submarine boat to a desired depth is con 
trolled automatically, all that need be done being 
to introduce the proper pressure into the dia 
phragm 29 by operating a Valve (not shown) 
which will control flow of the pressure-producing 
medium from a Source of Supply into said dia 
phragm and by Watching a gage (not shown) 
which Will indicate when the proper pressure has 
been established within the diaphragm 29. When 
the proper preSSure has been established within 
the diaphragm 29 the subsequent operation of 
the apparatus is automatic and the descent of 
the submarine will be arrested at the desired 
depth. When a submerged submarine equipped 
With the improved apparatus is to be brought to 
the Surface its ballast tanks are blown out in the 
usual manner to affect such ascent. 
We claim: 
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a pressure regulator having a chamber, said pres 
Sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by Way of said inlet passageway, and 
a diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm adapted to be acted 
on by pressure trapped at said second diaphragm 
for Operating Said controlling means to permit 
preSSure-producing medium to flow into the 
chamber of said pressure regulator by way of said 
inlet passageway, a third diaphragm adapted to 
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be acted on by a pressure-producing influence 
Originating external to the apparatus and oper 
able to actuate said controlling means to prevent 
flow of pressure-producing medium into said 
chamber of said pressure regulator by way of the 
inlet passageway thereof, a discharge passage 
Way by Way of which pressure-producing medium 
may escape from said chamber of said pressure 
regulator, and valve means operated by said third 
diaphragm for controlling passage of pressure 
producing medium from said chamber of said 
pressure regulator by way of said discharge pas 
SageWay. 2. A pressure-responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
Sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a Second diaphragm adapted to be acted 
on by pressure trapped at said second diaphragm 
for Operating said controlling means to permit 
preSSure-producing medium to flow into the 
chamber of said pressure regulator by way of 
Said inlet passageway, a third diaphragm adapted 
to be acted on by a pressure-producing influence 
originating external to the apparatus and oper 
able to actuate said controlling means to prevent 
flow of pressure-producing medium into said 
chamber of Said pressure regulator by way of the 
inlet passageway...thereof, a discharge passageway 
by Way of which pressure-producing medium may 
escape from Said chamber of said pressure regul 
lator, and valve means operated by said third 
diaphragm for controlling passage of pressure 
producing medium from said chamber of said 
pressure regulator by way of said discharge pas 
SageWay, Said diaphragm of said pressure regu 
lator and said second diaphragm being supported 
on independent bases and being adapted to be 
flexed in opposite directions. 3. A pressure-responsive apparatus compris 
ing a pressure regulator having a chamber, said 
pressure regulator including an inlet passage 
way leading into said chamber, an outlet pas 
Sageway leading from said chamber, means for 
controlling passage of pressure-producing medi 
um into said chamber by way of said inlet pas 
Sageway, and a diaphragm for actuating said 
controlling means in response to change in pres 
sure within Said chamber, a second diaphragm 
adapted to be acted on by pressure trapped at 
said Second diaphragm for operating said con 
trolling means to permit pressure-producing me 
dium to flow into the chamber of said pressure 
regulator by Way of said inlet passageway, a third 
diaphragm adapted to be acted on by a pressure 

1. A pressure-responsive apparatus comprising 75 producing influence originating external to the 
  



2,302,014 
apparatus and operable to actuate said control 
ling means to prevent flow of pressure-producing 
medium into said chamber of said pressure regul 
lator, by way of the inlet passageway thereof, a 
discharge passageway by way of which pressure 
producing medium may escape from said cham 
ber of said pressure regulator, and valve means 
operated by said third diaphragm for controlling 
passage of pressure-producing medium from said 
chamber of said pressure regulator by way of 
said discharge passageway, said diaphragm of 
said pressure regulator and said second dia 
phragm being supported on independent bases 
and being adapted to be flexed in opposite direc 
tions, and said third diaphragm being adapted 
to be flexed in a direction opposite to the direc 
tion in which said second diaphragm is flexed. 

4. A pressure-responsive apparatus compris 
ing a pressure regulator having a chamber, said 
pressure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm adapted to be act 
ed on by pressure trapped at said second dia 
pthragm for operating said controlling means to 
permit pressure-producing medium to flow into 
the chamber of said pressure regulator by way 
of said inlet passageway, a third diaphragm 
adapted to be acted on by a pressure-producing 
influence originating external to the apparatus 
and operable to actuate said controlling means 
to prevent flow of pressure-producing medium 
into said chamber of said pressure regulator by 
way of the inlet passageway thereof, a fourth 
diaphragm coacting with said third diaphragm 
and subjected to pressure trapped at said fourth 
diaphragm, a discharge passageway by way of 
which pressure-producing medium may escape 
from said chamber of said pressure regulator, 
and valve means operated by said third dia 
phragm for controlling passage of pressure-pro 
ducing medium from said chamber of said pres 
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pressure-producing medium may escape from 
said chamber of said pressure regulator, and 
valve means operated by said third diaphragm 
for controlling passage of pressure-producing 
medium from said chamber of said pressure reg 
ulator by way of said discharge passageway. 

6. A pressure responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm adapted to be act 
ed on by pressure trapped at said second dia 
phragm for operating said controlling means to 
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sure regulator by way of said discharge passage 
Way. 

5. A pressure-responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chambed by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm adapted to be act 
ed on by pressure trapped at said second dia 
phragm for operating said controlling means to 
permit pressure-producing medium to flow into 
the chamber of said pressure regulator by way 
of said inlet passageway, a third diaphragm 
adapted to be acted on by a pressure-producing 
influence originating external to the apparatus 
and operable to actuate said controlling means 
to prevent flow of pressure-producing medium 
into said chamber of said pressure regulator by 
way of the inlet passageway thereof, a fourth 
diaphragm coacting with said third diaphragm 
and subjected to pressure trapped at said fourth 
diaphragm, said third diaphragm and said fourth 
diaphragm being supported on independent bases 
and being adapted to be flexed in opposite direc 
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permit pressure-producing medium to flow into 
the chamber of said pressure regulator by way of 
Said inlet passageway, a third diaphragm adapt 
ed to be acted on by a pressure-producing medi 
um originating external to the apparatus and 
operable to actuate said controlling means to 
prevent flow of pressure-producing medium into 
said chamber of said pressure regulator by way 
of the inlet passageway thereof, a fourth dia 
phragm, coacting with said third diaphragm and 
subjected to pressure trapped at said fourth dia 
phragm, said diaphragm of said pressure regu 
lator and said second diaphragm being support 
ed on independent bases and being adapted to be 
flexed in opposite directions, said third dia 
phragm being adapted to be flexed in a direction 
Opposite to the direction in which said second 
diaphragm is flexed, and said third and fourth diaphragms being supported on independent 
bases and being adapted to be flexed in opposite 
directions, a discharge passageway by way of 
which pressure-producing medium may escape 
from said chamber of said pressure regulator, 
and valve means operated by said third dia 
phragm for controlling passage of pressure-pro 
ducing medium from said chamber of said pres 
sure regulator by way of said discharge passage 
Way. - 

7. A pressure responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm of hollow struc 
ture adapted to be acted on by pressure trapped 
therein for operating said controlling means to 
permit pressure-producing medium to flow into 
the chamber of said pressure regulator by way of 
said inlet passageway, a third diaphragm of hol 
low structure adapted to be acted on by a pres 
Sure-producing medium therein, said third dia 
phragm being open to a pressure-producing me 
dium external of the apparatus and operable 
to actuate said controlling means to prevent flow 
of pressure-producing medium into said charth 
ber of said pressure regulator by way of the in 
let passageway thereof, a fourth diaphragm of 
hollow structure coacting with said third dia 
phragm and subjected to pressure trapped there 
in, a discharge passageway by way of which pres 
Sure-producing medium may escape from said 
chamber of Said pressure regulator, and valve tions, a discharge passageway by way of which 75 means operable by said third diaphragm for con 
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6 
trolling passage of pressure-producing medium 
for said chamber of said pressure regulator by 
way of Said discharge passageWay. 

8. A pressure responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passageway of pressure-producing medium into 
said chamber by way of said inlet passageway, 
and a diaphragm for actuating said controlling 
means in response to change in pressure within 
said chamber, a second diaphragm of hollow 
structure adapted to be acted on by pressure 
trapped therein for operating said controlling 
means to permit pressure-producing medium to 
flow into the chamber of said pressure regulator 
by way of said inlet passageway, a third dia 
phragm of hollow structure adapted to be acted 
on by a pressure-producing medium therein, said 
third diaphragm being open to a pressure 
producing medium external of the apparatus and 
operable to actuate said controlling means to 
prevent flow of pressure-producing medium into 
said chamber of said pressure regulator by way 
of the inlet passageway thereof, a fourth dia 
phragm of hollow structure coacting with said 
third diaphragm and subjected to pressure 
trapped therein, said diaphragm of said pressure 
regulator and said second diaphragm being sup 
ported on independent bases and being adapted 
to be flexed in opposite directions, said third dia 
phragm being adapted to be flexed in a direction 
opposite to the direction in which said second 
diaphragm is flexed, and said third and fourth diaphragms being supported : on independent 
bases and being adapted to be flexed in opposite 
directions, a discharge passageway by way of 
which pressure-producing medium may escape 
from said chamber of said pressure regulator, 
and valve means operable by said third dia 
phragm for controlling passage of pressure-pro 
ducing medium from said chamber of said pres 
sure regulator by way of said discharge passage 
Way. 9. A pressure responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for controlling 
passage of pressure-producing medium into said 
chamber by way of said inlet passageway, and a 
diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm of hollow struc 
ture adapted to be acted on by pressure trapped 
therein for operating said controlling means to 
permit pressure-producing medium to flow into 
the chamber of said pressure regulator by way of 
said inlet passageway, a third diaphragm of hol 
low structure adapted to be acted on by a pres 
sure-producing medium therein, said third dia 

10 

20 

25 

30 

35 

40 

45 

55 

60 

2,302,014 
phragm being open to a pressure-producing me 
dium external of the apparatus and Operable to 
actuate said controlling means to prevent flow 
of pressure-producing medium into said cham 
ber of said pressure regulator by way of the in 
let passageway thereof, a fourth diaphragm of 
hollow structure coacting with said third dia 
phragm and subjected to pressure trapped there 
in, means for mechanically connecting said sec 
Ond, third, and fourth diaphragms to said means 
for controlling passage of pressure-producing me 
dium into the chamber of said pressure regula 
tor, a discharge passageway by way of which 
preSSure-producing medium may...escape from said 
chamber of said pressure regulator, and valve 
means operable by said third diaphragm for con 
trolling passage of pressure-producing medium 
from said chamber of said pressure regulator by 
Way of said discharge passageway. 

10. A pressure responsive apparatus comprising 
a pressure regulator having a chamber, said pres 
sure regulator including an inlet passageway 
leading into said chamber, an outlet passageway 
leading from said chamber, means for control 
ling passage of pressure-producing medium into 
said chamber by way of said inlet passageway, and 
a diaphragm for actuating said controlling means 
in response to change in pressure within said 
chamber, a second diaphragm of hollow structure 
adapted to be acted on by pressure trapped there 
in for operating said controlling means to permit 
pressure-producing medium to flow into the 
chamber of said pressure regulator by way of 
said inlet passageway, a third diaphragm of hol 
low structure adapted to be acted on by a pres 
Sure-producing medium therein, said third dia 
phragm being open to a pressure-producing me 
dium external of the apparatus and operable to 
actuate said controlling means to prevent flow 
of pressure-producing medium into said cham 
ber of said pressure regulator by way of the inlet 
passageway thereof, a fourth diaphragm of hol 
low structure coacting with said third diaphragm 
and subjected to pressure trapped therein, means 
for mechanically connecting said second, third, 
and fourth diaphragms to said means for con 
trolling passage of pressure-producing medium 
into the chamber of said pressure regulator, a 
coil spring for urging said means for controlling 
passage of pressure-producing medium into the 
chamber of said pressure regulator toward a po 
sition where such passage of said medium is pre 
vented, a discharge passageway by way of which 
pressure-producing medium may escape from 
said chamber of said pressure regulator, and valve 
means operable by said third diaphragm for con 
trolling passage of pressure-producing medium 
from said chamber of said pressure regulator by 
Way of said discharge passageway. 
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