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This invention relates to an improved pressure actuated 
valve, particularly to a valve in a form of a pilot or 
relay of the supply and exhaust type which is utilized for 
varying an output pressure, the valve being adapted to 
be opened wide and permit fluid under pressure from a 
Source of Supply to pass through the valve until the pres 
sure from an independent source reaches a predeter 
mined maximum, at which time the supply valve is 
closed and the exhaust valve is opened wide to reduce 
the output pressure to 0 p.s. i. until the pressure in such 
independent source drops to a predetermined minimum, 
thereupon to raise the output pressure to the supply 
pressure and maintain the output pressure at that value 
until the independent pressure again returns to the pre 
determined maximum. 
The valve embodying this invention has many useful 

applications wherein it is desirable to provide sudden 
changes in output pressure between minimum and maxi 
mum whenever the pressure from an independent source 
reaches either one of two selected limit values. 
ample, the valve may be used in connection with a 
pneumatic instrument which varies a controlling pressure 
in response to changes in the value of a variable, wherein 
it is desirable to permit the variable value to change be 
tween two selected limits. Since the instrument output 
or controlling pressure varies between selected limits 
each of which are representative of a limit of variable 
value change, the instrument controlling pressure may 
be utilized to govern the valve embodying this inven 
tion on a snap-action basis for actuating a control value 
or the like, governing the value of a variable, between 
fully open and closed positions to permit the variable 
value to change between selected limits. This form of 
control is commonly known to those skilled in the art 
as snap-action and may be utilized in many control ap plications. 
The valve or relay embodying this invention employs 

two opposed diaphragms having different effective areas. 
The diaphragm with the larger effective area is subjected 
to pressure from the independent source, and that having 
the smaller effective area is subjected to relay output 
pressure. By means of a biasing spring which adds to the 
force generated by the diaphragm having the smaller 
effective area and a valve member which is actuated by 
the combined action of the diaphragms and spring, the 
relay may be arranged to provide Snap-action at each of 
two selected limits of independent pressure change with 
out any possibility of a throttling or proportional re 
sponse. 

It is an object of this invention to provide a snap 
acting pressure control valve or relay which is of simple 
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with the accompanying drawing, in which the figure is 
an elevation in section of a valve structure embodying 
this invention. 

Having reference to the drawing, the valve therein 
illustrated consists of a body member 10 on which is 
mounted an intermediate plate 11 which in turn carries 
an end plate 12. The parts may be secured together in 
any well-known manner, not shown, in sealed relation . 
with flexible diaphragms 13 and 14 therebetween. The 
body member 10 is provided with an inlet pressure cham 
ber 15 of cylindrical shape which is closed at its outer 
end by means of a threaded plug 16 and at its inner end 
terminates in a valve seat 17. The seat 17 fits snugly 
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construction, may consist of standard parts, is capable of 
being manufactured at reasonable cost, and at the same 
time is positive in action and is reliable in its operation 
over long periods of time. 

Other objects of this invention will more fully appear 
from the following description when taken in connection 

70 

within a cylindrical recess having a diameter greater than 
that of the chamber 15 to provide an annular shoulder 
18 which engages the lower surface of the seat, the parts 
being secured in fluid tight relation by any well-known 
means. The body member 10 is also provided with a 
cylindrical output pressure chamber 20, having a diameter 
greater than that of the seat 17 to form an annular 
shoulder 27, into the lower end of which chamber the 
valve seat extends as shown. Centrally disposed in the 
seat 17 is an orifice 21 which is enlarged at its upper end, 
as indicated at 22, to provide a seating surface 23 for 
the inlet valve 24 of a supply and exhaust valve, gen 
erally indicated at 5 to be described. The upper end 
of the output pressure chamber 20 terminates in an en 
larged cylindrical portion 26 which is disposed beneath 
the diaphragm 13. - 
The intermediate plate 11 includes an exhaust cham 

ber 30 comprising a lower cylindrical portion 31 which 
corresponds in diameter to the enlarged cylindrical por 
tion 26 of the output pressure chamber, and also in 
cludes a cylindrical portion 32 of still larger diameter, 
the exhaust chamber being located between the dia 
phragms 13 and 14 and partially defined thereby. The 
end plate 12 includes a cylindrical controlling pressure 
chamber 33 which corresponds in diameter to that of 
the cylindrical portion 32 of the exhaust chamber and 
is located between the diaphragm 14 and the end wall 34 
of the plate. 
The inlet chamber 15 communicates through a port 35 

with a pipe 36 which connects with a suitable source of 
operating fluid, not shown, such as air or the like, pref 
erably under regulated pressure. The output, pressure 
in the chamber 20 may be utilized for any suitable pur 
pose, such as to actuate a fluid pressure operated motor 
for governing the value of a variable condition, and to 
this end, the chamber communicates with a pipe 37 
through a port 38 in the wall of the body member. Be 
tween the diaphragms 13 and 14 an exhaust block or 
spacer 40 is disposed which functions in a manner to be 
described. The exhaust pressure chamber 30 has a port 
41 which connects the chamber with atmosphere, and 
the controlling pressure chamber 33 may be connected 
with an independent pressure source through a port 42 
and pipe 43. 
The spacer 40 is generally of T shape in cross section 

and has a valve spring chamber 45 which is provided 
by an axially disposed bore included in a disc shaped 
head 46 and in a depending section 47 having an in 
wardly extending annular flange 48 which surrounds an 
exhaust port 49 and at its upper end affords a seating 
surface 50 for the exhaust valve 7 of the supply and ex 
haust valve 5. The spacer 40 has side passages 53. 
which communicate through the exhaust chamber 30 
with the atmosphere. The outside diameter of the de 
pending section 47, which extends through a central 
opening in the diaphragm 13, is less than that of the 
head 46 and thereby provides an annular shoulder 54. 
which engages the diaphragm and is secured thereto in 
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fluid tight relation by means of a washer 55 which may 
be made fast to the section in any well-known manner. 
The supply and exhaust valve 5 has a stem section 6 

which is preferably integral with the exhaust valve 7 and 
with the inlet valve 24 to provide a double valve stric 
ture. The exhaust valve 7 includes, as herein illustrated, 
a cone-shaped seating surface 8 for cooperation with the 
exhaust seat 50 carried by the spacer 40, and the inlet 
valve has a cone-shaped seating surface 9 which is adapted 
to cooperate with the seat 23 in the fixed inlet seat mem 
ber 17. The inlet valve 24 is also preferably integral 
with a guide stem 59 which extends through the lower 
end of the inlet port 21 into the inlet chamber 15, the diameter of the guide stem being such that ample space 
is provided for fluid flow through the port. The supply 
and exhaust valve 5 is normally held closed by means of 
a light compression spring 60 which is confined between 
the exhaust valve and a diaphragmplate 61 against which 
the central portion of the diaphragm 14 rests. Extensions 
62 and 63 on the exhaust valve 7 and plate 61, respec 
tively, serve as guides for the ends of the spring 60. 

For purposes of assembly, the inlet valve 24 is adapted 
to pass through the exhaust port 49 and the diaphragm 
plate 61 is detachably secured to the spacer head 46 by 
screws 64 so that before the plate is attached, the supply 
and exhaust valve may be inserted through the spring 
chamber 45, the spring 60 then installed, and the assem 
bly completed by attaching the plate to the head. 

in actual practice the upper diaphragm 14 has an effec 
tive area which is approximately 3.4 times the effective 
area of the lower diaphragm 13. Thus on this basis for 
every 1 p.s. i. pressure change in the controlling cham 
ber 33, a 3.4 p. s. i. pressure change would be required 
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which results in increasing the opening of the exhaust 
valve and accelerating the reduction in output pressure so 
that after the exhaust valve starts to open, the action is 
essentially instantaneous, thereby reducing the output 
pressure to 0 p.s. i. Since the upward thrust developed 
by the output pressure acting on the lower diaphragm 13 
has been removed, the downward thrust developed by 
the independent control pressure acting on the upper dia 
phragm 14 must be reduced below the upward thrust de 
veloped by the biasing spring 70 acting alone for the 
reverse action to occur. When this occurs, the exhaust 
block 40 is raised, thereby closing the exhaust port 49 
and opening the supply port 21 to admit supply pressure 
to the output pressure chamber and complete the cycle. 
Thus the output pressure change is utilized to assist any 
change in valve action dictated by the independent con 
trol pressure. 

It will be clear from the above, that the spread between 
the independent pressure low limit and high limit may be 
adjusted to that desired by varying the value of the sup 
ply pressure. As the supply pressure is increased, the 
spread is increased, and vice versa. 

I am aware that various devices of a mechanical nature 
have heretofore been utilized to provide snap-action, such 
as spring loaded detents, resilient diaphragms arranged for 
snap-action, and other like mechanical arrangements, but 

- such devices are subject to wear, their operating power 

be more or less unreliable in operation. 
30 

in the output pressure chamber 20 to bring the parts to 
balance. However the effect of this pressure relation 
ship is changed by a biasing spring 70 which together with 
the output pressure in the chamber 20 opposes the con 
trolling pressure in the chamber 33. The biasing spring 
70 is confined between the shoulder 27 at the lower end 
of the chamber 20 and the disc 55 by which the spacer 
head 46 is clamped to the diaphragm 13. At its lower 
end the spring 70 surrounds the upper part of the seat 
member 17, and at its upper end the spring surrounds 

35 

factor is relatively low, and therefore they may tend to 
On the other 

hand, the device embodying this invention is of rugged 
construction, can be manufactured at reasonable cost, and operates under a high power factor, thereby providing 
positive and reliable operation. 

Having set forth the operating principles of my inven 
tion and shown and described a practical embodiment of 
same, what I claim and desire to secure by Letters Patent 
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an annular depending part 71 of the disc 55, said parts 
functioning as means for centering the spring in the cham 
ber 20. The biasing spring 70 functions to establish the 
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value of the low limit in the range of independent pres 
sure change at which it is desirable to change the cutput 
pressure in the chamber 20 from 0 p.s. i. to the full sup 
ply pressure. On the other hand, the difference in the 
effective area of the diaphragms, the force generated by 
the spring 70, and the p. s. i. value of the supply pres 
sure, establish the high limit of independent pressure 
change at which it is desirable to change the output pres 
sure from full supply pressure to 0 p.s. i. - 

In operation, with the independent control pressure be 
low the selected low limit, the biasing spring 70 exerts 
a thrust on the exhaust block 49 so that the inlet and 
exhaust valve 5 is lifted from the inlet seat 23, the ex 
haust valve 7 being held closed by the valve spring 60. 
The full supply pressure is admitted to the output pres 
sure chamber 20 and it exerts a force on the lower dia 
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1. In a snap-acting pneumatic relay, the combination 
of a first member having a selected effective area and 
responsive to a controlling pressure, a second member 
having a selected smaller effective area acting in opposi 
tion to said first member and responsive to an output pres 
sure, a spacer operatively connecting said members for 
simultaneous movement having an exhaust port connect 
ing the output pressure with atmosphere, an inlet connec 
tion for communication with a supply of fluid operating 
pressure, a partition downstream of the inlet connection 
having an inlet port connecting the supply pressure with 
the output pressure, independent means coacting with 
the output pressure in opposition to the controlling pres 
sure, a valve member including an exhaust valve cooperat 
ing with the exhaust port and an inlet valve cooperating 
with the inlet port, said valve member being operative 
ly connected to said spacer and actuated by the independ 
ent means in opposition to the controlling pressure to 
close the exhaust valve and open the inlet valve when 
said controlling pressure is below a selected minimum 
value, and when said controlling pressure tends to ex 
ceed a selected maximum value said valve member, be 
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phragm 13 adding to the total upward thrust acting on - 
the exhaust block 40. This condition is maintained until 
the independent control pressure in the chamber 33 rises 
above its selected high limit, at which time the thrust 
developed on the upper diaphragm 14 exceeds the com 
bined thrust of the biasing spring 79 and the output pres 
sure acting on the lower diaphragm 13. This condition. 
causes the exhaust block to move downward allowing the 
supply and exhaust valve to close the supply port 21 and 
begin to open the exhaust port 49 permitting the output 
pressure to start to escape to atmosphere. The result 
ing reduction in output pressure in the chamber 20 de 
creases the upward thrust of the lower diaphragm 13 
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ing actuated by said controlling-pressure in opposition 
to the combined effect of said independent means and out 
put pressure to close said inlet valve and open said ex 
haust valve. - - 2. In a snap-acting pneumatic relay, the combination 
of a first member having a selected effective area respon 
sive to a controlling pressure, a second member having a 
selected smaller effective area acting in opposition to said 
first member and responsive to an output pressure, a 
spacer operatively connecting said members for simul 
taneous movement having an exhaust port connecting the 
output pressure with atmosphere, an inlet connection for 
communication with a supply of fluid operating pressure, 
a partition downstream of the inlet connection having an 
inlet port connecting the supply pressure with the output 
pressure, an exhaust valve actuated by said pressure re 
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Sponsive members and cooperating with said exhaust port, 
an inlet valve actuated by said pressure responsive mem 
bers and cooperating with said inlet port, and independent 
means in operative connection with said pressure respon 
sive members and operating in conjunction with the out 
put pressure in opposition to the controlling pressure, said 
output pressure and independent means tending to close 
the exhaust valve and open the inlet valve and said con 
trolling pressure tending to close the inlet valve and open 
the exhaust valve, said independent means being effec 
tive when the controlling pressure is below a selected 
minimum value to actuate said pressure responsive mem 
bers in opposition to the controlling pressure to close the 
exhaust valve and open the inlet valve to increase the out 
put pressure and together with the increase in output pres 
sure to snap the inlet valve wide open and provide a 
maximum output pressure, and said controlling pressure 
being effective when it exceeds a maximum value to ac 
tuate said pressure responsive members in opposition to 
the combined effect of said independent means and output 
pressure to close the inlet valve and open the exhaust 
valve to reduce the output pressure and together with the 
reduction in output pressure to snap the exhaust valve 
wide open and reduce the output pressure to a minimum 
value. 

3. In a snap-acting pneumatic relay, including a cas 
ing having an inlet connection for communication with a 
source of fluid operating pressure, a first pressure re 
sponsive member secured to said casing and partially 
defining a controlling pressure chamber, a second pres 
sure responsive member spaced from said first member 
and partially defining an output pressure chamber, said 
members together partially defining an exhaust pressure 
chamber communicating with atmosphere, a spacer op 
eratively connecting said members for simultaneous 
movement, the effective area of the first member being 
greater than the effective area of the second member, said 
spacer having an exhaust port including an exhaust seat 
providing fluid communication between the output pres 
sure chamber and the exhaust pressure chamber, a parti 
tion having an inlet port including an inlet seat providing 
fluid communication between the inlet connection and 
the output pressure chamber, a valve member actuated 
by said spacer and including an exhaust valve cooperat 
ing with the exhaust seat and an inlet valve cooperating 
with the inlet seat, a fluid connection from the output 
pressure chamber for communication with a source of 
demand and a fluid connection from the control pres 
sure chamber for communication with a source of con 
trolling pressure, and independent means in the output 
pressure chamber biasing said pressure responsive mem 
bers against the pressure in said controlling pressure 
chamber, said means being effective when the controlling 
pressure is below a selected minimum value to close said 
exhaust valve and open said inlet valve to increase said 
output pressuire and together with the increase in output 
pressure to snap the inlet valve wide open to maintain 
the pressure in the output pressure chamber at the op 
erating supply pressure, and the controlling pressure 
being effective when it tends to exceed a selected maxi 
mum value to actuate said pressure responsive mem 
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6 
bers in opposition to the combined effect of said inde 
pendent means and output pressure to close the inlet valve 
and open the exhaust valve to reduce the output pressure 
and together with the reduction in output pressure to 
Snap the exhaust valve wide open to maintain the output 
pressure at a minimum value. 

4. A Snap-acting pneumatic relay including a casing 
having a control pressure chamber adapted to be con 
nected with a source of controlling pressure, an exhaust 
pressure chamber communicating with atmosphere, an 
output pressure chamber adapted to be connected with a 
Source of demand, and an inlet connection for commu 
nication with a source of operating pressure fluid, a first 
pressure responsive member having a selected effective 
area disposed between the controlling pressure chamber 
and the exhaust pressure chamber, a second pressure re 
Sponsive member having a lesser effective area spaced 
apart from said first member and disposed between the 
exhaust pressure chamber and the output pressure cham 
ber, a partition between the inlet connection and the out 
put pressure chamber having an inlet port providing fluid 
communication therebetween, a spacer operatively con 
necting said pressure responsive members for simultane 
ous movement, said spacer having an exhaust port provid 
ing fluid communication between the output pressure 
chamber and the exhaust pressure chamber, an exhaust 
valve actuated by the pressure responsive members and 
cooperating with the exhaust port to vary fluid flow 
therethrough, an inlet valve actuated by the pressure re 
sponsive members and cooperating with the inlet port to 
vary fluid flow therethrough, and independent means in 
operative connection with said pressure responsive mem 
bers and acting with the pressure in the output pressure 
chamber in opposition to pressure in the controlling pres 
Sure chamber, said output pressure and independent 
means tending to close the exhaust valve and open the 
inlet valve and said controlling pressure tending to close 
the inlet valve and open the exhaust valve, said inde 
pendent means in itself being effective when the con 
trolling pressure is below a selected minimum value to 
actuate said pressure responsive members in opposition 
to the controlling pressure to close the exhaust valve 
and open the inlet valve to increase the output pres 
sure and together with the increase in output pressure to 
snap the inlet valve wide open and provide a maximum 
output pressure, and said controlling pressure being ef 
fective when it exceeds a maximum value to actuate said 
pressure responsive members in opposition to the com 
bined effect of said independent means and output pres 
sure to close the inlet valve and open the exhaust valve 
to reduce the output pressure and together with the re 
duction in output pressure to snap the exhaust valve wide 
open and reduce the output pressure to a minimum value. 
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