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This invention relates to control apparatus and more 
particularly to a pressure responsive modulating control 
valve. Specifically, the invention relates to a pressure re 
Sponsive exhaust valve for use in controlling a main valve 
of the type having a main closure member which is 
Operated in response to the pressure in a pressure cham 
ber under the control of the exhaust valve, and wherein 
the exhaust valve is operated in response to the pressure 
at the outlet of the main valve so that the main valve is 
operated to maintain a substantially uniform outlet pres 
sure therefrom. The exhaust valve includes further pres 
sure operated means and time delay means associated 
therewith which is effective, a predetermined time after 
pressure is initially supplied to the valve, to vary the 
loading on the pressure responsive exhaust valve so that 
the exhaust valve then operates only in response to a 
Substantially greater pressure than that to which it in 
itially responds. This causes the main valve to open in 
itially to a minimum flow position and then, after a time 
delay, to open to a full flow position and to provide out 
let pressure regulation at each of the flow levels. 
The invention also provides means for selectively ad 

justing the minimum and full flow operating levels of 
the valve. Further, the invention contemplates the utiliza 
tion, with the structure discussed above, of a manually 
operable means selectively operable to render the pressure 
responsive additional loading means inoperative so that 
the valve will continuously respond to the relatively low 
pressure. 
My modulating exhaust valve is particularly useful in 

connection with a servo valve system wherein the main 
valve is operated by a movable wall which is responsive 
to fluid pressure in a main control or pressure chamber 
and wherein there is provided a first fluid passage be 
tween the inlet and the pressure chamber, a second fluid 
passage between the pressure chamber and the outlet, 
a two position valve in one of the passages and my ex 
haust valve in the other. The exhaust valve is connected 
so that it is operated by outlet pressure to maintain a uni 
form pressure at the outlet of the main valve. The further 
pressure operated means is connected either to the outlet 
or to the pressure chamber of the main valve so that, a 
predetermined time after the main valve opens, the ex 
haust valve is additionally loaded so that the valve oper 
ates at a greater pressure. 

Various objects and advantages of my invention will 
become apparent upon reading the following detailed de 
scription of two preferred embodiments thereof wherein 
reference is made to the accompanying drawing. In the 
drawing: 
FIGURE 1 is a schematic representation of a servo-type 

valve utilizing, as one of the controllers or pilot valves 
therefor, a modulating exhaust valve constructed accord 
ing to my invention. 
FIGURE 2 is a plan view of the interior of an exhaust 

valve constructed according to my invention and including 
a high-low selector member. 
FIGURE 3 is a cross-sectional view taken generally 

along line 3-3 of FIGURE2. 
FIGURE 4 discloses schematically the exhaust valve of 

my invention modified with another type of high-low se 
lector apparatus. 
FIGURE 5 discloses an exhaust valve constructed ac 

cording to another form of my invention. 
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FIGURE 6 is a longitudinal cross-sectional view taken 

generally along line 6-6 of FIGURE 5. 
FIGURE 1 discloses a servo-type pressure regulator 

valve which utilizes a modulating exhaust valve construct 
ed according to my invention as a pilot valve to control 
the position of the main valve. While my invention lies 
in the construction of the pressure operated modulating 
exhaust valve, it is believed necessary, in order to properly 
disclose my invention, to describe one environment in 
which it has utility. In FIGURE 1, reference numeral 10 
generally designates the servo-type pressure regulator. This 
regulator includes a main valve portion 11, a two posi 
tion servo control valve 12 and a modulating pressure 
responsive servo valve 13, the latter being constructed 
according to my invention. Main valve 11 has an inlet 14 
and an outlet 15 separated by a wall 16 having an aper 
ture 17 formed therethrough. Cooperable with aperture 
17 is a main valve closure member 20 which is operably 
connected to a diaphragm or other movable wall 21 which 
separates the body of the main valve, on the outlet side 
of wall 16, into an outlet chamber 22 and a pressure or 
control chamber 23. A spring 24 urges diaphragm 21 
toward chamber 23 and closure member 20 to a closed 
position. Between inlet 14 and wall 16 is an inlet cham 
ber 25 which may have a manually operable valve 26 
disposed therein. This manual valve may be a conven 
tional disk or plug type valve with any appropriate manual 
operator (not shown). Manual valve 26 may also control 
flow through a passage 27 which by-passes the main valve 
closure member and is adapted to be connected to a 
pilot burner (not shown). 
A passage 30, which may include a flow restriction 31, 

connects inlet chamber 25 to the interior of the two posi 
tion control valve 12. A further passage 32 connects the 
interior of control valve 12 to pressure chamber 23. A 
passage 33 in control valve 12 connects to a main chamber 
34 in the control valve which in turn is connected, by a 
passage 35, to outlet chamber 22 of the main valve. A 
valve closure member 36 is operably connected to an 
on-off type operator 37 in control valve 12 and has a 
normal position wherein passage 30 is closed off and 
passages 32 and 33 are connected. In this normal posi 
tion, pressure chamber 23 is connected to outlet chamber 
22 and hence is exhausted. When the operator 37 is en 
ergized, the valve closure member 36 blocks passage 33 
and opens passage 30 so that the pressure chamber 23 
of the main valve is connected to inlet chamber 25 and 
this inlet pressure is sufficient to overcome the bias of 
spring 24 and to open the main value closure member 20. 
When control valve 12 is open to supply inlet pressure 

to the pressure chamber 23, the amount of fluid pressure 
in chamber 23, and consequently the position of the main 
valve closure member 20, is controlled by the modulating 
exhaust valve 13. For the sake of clarity, modulating valve 
13 is shown somewhat schematically in FIGURE 1 but is 
shown more realistically in FIGURES 2 and 3. Valve 13 
has a main body portion 40 which has an opening 40a 
therethrough extending from top to bottom. The bottom 
of this opening is covered by a first movable wall such as 
a diaphragm 41 which is sealed between the bottom of 
body member 40 and the upper surface of another body 
member 42. The upper end of body member 40 is closed 
by a second movable wall such as a diaphragm 43 which 
has its periphery clamped between the upper end of body 
member 40 and the lower end of a further body member 
44. Intermediate body member 42 and the under surface 
of diaphragm 41 is an operating chamber 45 and interme 
diate body member 44 and the upper surface of diaphragm 
43 is a timing chamber 46. Thus, diaphragms 41 and 43 
will be referred to as an operating diaphragm and a tim 
ing diaphragm, respectively. Formed in body member 42 
is a chamber 47 which is connected to pressure chamber 
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23 of the main valve by a passage 48. Chamber 47 is con 
nected to operating chamber 45 by a port 50. Disposed 
in chamber 45 and cooperable with port 50 to control 
fluid flow therethrough, is a spherical valve closure mem 
ber 51 which is normally urged into closing engagement 
with port 50 by operating diaphragm 45. Timing chamber 
46 is connected to chamber 47 by a passage 52 which has 
a time delay flow restriction 53 disposed therein. 
The opening 4.0a in body member 40, intermediate dia 

phragms 41 and 43, is preferably connected to atmos 
phere by a restricted passage 54. Cantilevered in body 
member 40, as at 55, is a pair of lever members 56 and 57 
which are bent so that they extend in generally spaced 
parallel relationship across the interior of body member 
40 and generally parallel to diaphragms 41 and 43. Levers 
56 and 57 have aligned apertures 60 and 61 respectively. 
At their free ends levers 56 and 57 have tab portions 62 
and 63, respectively, which are bent to form an acute 
angle with the lever members. These tabs are engaged 
by the conical end of adjustment screws 64 and 65. Ad 
vancement of adjustment screw 65 will result in deflect 
ing the free end of lever 57 downwardly and advancement 
of adjustment screw 64 will result in deflecting the free 
end of lever 56 upwardly. Thus, these adjustment screws 
provide a means for selectively adjusting the position of 
the two lever members with respect to each other and 
also with respect to diaphragm 41. Entrapped between 
levers 56 and 57 is a spring engaging member 66 which 
has cylindrical body portion 67 and an outwardly extend 
ing annular flange 68. Flange 68 is of a diameter sufficient 
ly large so that it cannot pass through the apertures 60 
and 61 of the levers, but cylindrical portion 67 is sufficient 
ly small in diameter to extend through aperture 6 in lever 
57. 

Disposed between operating diaphragm 41 and spring 
engaging member 66 is a first loading Spring 70 which 
urges diaphragm 41 in a direction to close valve closure 
member 51 against port 50 and also urges spring engag 
ing member 66 to a position so that flange 68 engages the 
underside of lever 57. Disposed between diaphragm 43 
and the upper surface of flange 68 is another spring 71 
which is of substantially negligible strength with respect 
to the strength of spring 70, but which is sufficiently strong 
to normally lift diaphragm 43 away from the upper end 
of spring engaging member 66 when timing chamber 
46 is evacuated. It will be noted that the loading applied 
to diaphragm 41 by spring 70 (with diaphragm 43 held 
away from spring engaging member 66) is determined 
by the position of lever 57 which is in turn determined 
by the position of adjustment member 65. 
As will be seen hereinafter, when a description of the 

operation of the regulating valve is given, under certain 
circumstances pressure builds up in timing chamber 46 
and forces timing diaphragm 43 downwardly and into en 
gagement with the upper end of spring engaging member 
66. Under these circumstances diaphragm 43 pushes the 
spring engaging member downwardly until flange 68 en 
gages the upper surface of lever 56 and thus additionally 
loads operating diaphragm 41. The loading on diaphragm 
41, when this occurs, is determined by the position of 
lever 56 which in turn is determined by the position of 
adjustment member 64. 
The operation of the structure of FIGURE 1 will now 

be described. With two position control valve 2 in its 
off position and valve closure member 36 blocking pass 
age 30, as disclosed in FIGURE 1, pressure chamber 23 
is connected to outlet chamber 22 and main closure mem 
ber 20 is closed. At this time the pressure in outlet cham 
ber 22 and in pressure chamber 23, as well as in operat 
ing and timing chambers 45 and 46, is substantially at 
atmospheric since outlet 15 of the valve is normally con 
nected to a burner (not shown). When it is desired to 
open the main closure member 20, operator 37 of valve 
12 is energized and valve closure member 36 is shifted 
to a position so that it closes of passage 33 and opens 
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4. 
passage 30. This connects pressure chamber 23 to inlet 
chamber 25 and the inlet pressure is effective to overcome 
the force of spring 24 and to open main valve closure 
member 20. This causes an increase in the pressure in 
outlet chamber 22 and in operating chamber 45 which 
is connected to outlet chamber 22 by the substantially un 
restricted passage 35. As soon as the pressure in chamber 
45 is sufficient to overcome the loading on operating 
diaphragm 41 by spring 70, diaphragm 41 is lifted and 
valve 51 opens to allow pressure to be exhausted from 
chamber 47 (which is connected to pressure chamber 23) 
through passage 50 to outlet chamber 22. This tends to 
reduce the pressure in chamber 23 and thus to slightly 
close main closure member 20. It will be seen that this 
arrangement will maintain a pressure in pressure chamber 
23 which is sufficient to position main valve closure mem 
ber 20 so that it maintains a constant outlet pressure 
which is determined by the loading on diaphragm 41. 
The pressure in chamber 47 gradually is communicated 

to timing chamber 46 through passage 52 and the restric 
tion 53. After a period of time determined by the size of 
restriction 53, the pressure in timing chamber 46 is suffi 
cient to move diaphragm 44 downwardly and to engage 
the upper end of spring engaging member 66. After a 
period of time this pressure becomes sufficient to push 
member 66 downward until flange 68 engages the upper 
surface of lever 56. This additionally loads diaphragm 
41 so that a substantially greater pressure in outlet cham 
ber 22 and operating chamber 45 is necessary to lift valve 
51. Thus, the valve system is caused to regulate at a Sub 
stantially increased outlet pressure. 
The modulating exhaust valve with the pressure oper 

ated step feature is shown less schematically in FIGURES 
2 and 3. These figures also disclose the valve modified to 

5 include manual means for rendering the diaphragm 43 
inoperative so that it will not additionally load operating 
diaphragm 41 after the time delay if it is desired that the 
valve continuously operate at the low or initial regulating 
level. This function is provided by the addition of a shaft 
75 rotatably mounted in body member 40 and having one 
end extending beyond the outer edge of body 40 and fitted 
with an operating knob 76. Shaft 75 may be sealed with 
respect to body member 40 by appropriate means such as 
an O-ring 77. Shaft 75 also extends into the interior of 
body member 40 and has mounted at its interior end an 
abutment arm 80. Abutment arm 80 may be attached to 
the end of shaft 75 by any appropriate means, such as 
simply crimping over the end of the shaft as at 81. Abut 
ment arm 80 includes a portion 80a which extends gen 
erally perpendicular to shaft 75 and a portion 30b which 
extends generally parallel to, and offset from, the axis of 
shaft 75. When it is desired that the valve regulate con 
tinuously at the low or initial pressure level, knob 76 is 
rotated to a position wherein portion 80b of arm 89 physi 
cally engages the underside of timing diaphragm 43 and 
restrains it from moving downward in response to a 
build up of pressure in timing chamber 46. Thus, timing 
diaphragm 43 is ineffective to additionally load operat 
ing diaphragm 41 and the valve operates continuously 
at the low or initial pressure level whenever two position 
control valve 2 is energized. 
When it is desired that the valve operate in its high 

position, knob 76 is rotated so that portion 80b of abut 
ment arm 80 is disposed intermediate diaphragms 41 and 
43 So that it does not interfere with the movement of 
timing diaphragm 43. When this is done the operation of 
the valve is identical to that described in connection with 
FIGURE 1. In other words, the valve initially operates 
at a low or initial pressure level determined by the posi 
tion of lever 57 and, after a time delay sufficient to allow 
a build up of pressure in timing chamber 46, diaphragm 
43 moves downward and additionally loads the operating 
diaphragm so that the valve operates at a substantially 
greater pressure. 
Another way of obtaining this "high-low" operation is 
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disclosed schematically in FIGURE 4 where modulating 
valve 13 is also disclosed schematically. In this arrange 
ment, a passage 90 connects timing chamber 46 to the 
interior of a two position valve 91 which has another 
passage 92 which is connected to an area of low pressure 
such as an area adjacent the fuel burner (not shown). 
Inside valve 91 is a valve closure member 93 which may 
be manually or otherwise operated. When closure mem 
ber 93 is in its closed position, as shown in FIGURE 4, 
passage 90 is blocked off and the operation of timing 
chamber 46 and timing diaphragm 43 is exactly as de 
scribed in connection with FIGURES 1, 2 and 3. However, 
if valve closure member 93 is open so that passage 90 is 
connected to passage 92, the pressure which normally 
would build up in timing chamber 46 is bled off to the 
burner and sufficient pressure is never applied to dia 
phragm 43 to move it down to additionally load the operat 
ing diaphragm 41. 
Another modulating exhaust valve constructed accord 

ing to my invention, but differing somewhat in the struc 
tural details thereof, is disclosed in FIGURES 5 and 6. 
In the following description of this embodiment of my 
invention, elements similar to, or corresponding to, ele 
ments disclosed in FIGURES 1 through 4 have been given 
identical identification numerals but preceded by the 
numeral 1. In other words, the main body portion of the 
exhaust valve was identified by the numeral 40 in the 
preceding figures and in the embodiment disclosed in the 
FIGURES5 and 6 it is identified by the numeral 140. 
These elements which do not have a substantial equivalent 
in FIGURES 1 through 4 will be identified by numerals 
beginning with the numeral 206. 

In this embodiment, body portions 140 and 142 have 
clamped therebetween the peripheral portion of an operat 
ing diaphragm 141 which is responsive to pressure in an 
operating chamber 145. Operating diaphragm 4 oper 
ably engages an exhaust valve closure member 151 which 
controls the flow of fluid through a port 150. A timing 
diaphragm 143 is clamped along its periphery between 
body members 140 and 144 and there is formed between 
diaphragm 143 and body member 44 a timing chamber 
146. Between diaphragms 14 and 43 is a chamber 140a 
which is preferably connected to atmosphere by a pas 
sage (not shown). 

Cantilevered in chamber 14.0a is a first lever member 
57 which may be attached to body member 140 by ap 

propriate means such as rivets 55. Lever 157 has a por 
tion extending generally parallel to the operating and 
timing diaphragms and is sufficiently resilient so that its 
free end may be deflected toward and away from operat 
ing diaphragm 141. An adjustment member 165 is threaded 
into body member 140 and engages an abutment tab 200 
on the free end of lever 157 to deflect lever 157 toward 
diaphragm 141. Member 65 is thus selectively movable 
to determine the position of the free end of lever. 157 
in a direction away from operating diaphragm 14. 

Lever 157 has, adjacent its fixed end, a pair of hook 
like members 201 which cooperate with a corresponding 
pair of tabs 202 on a second lever member 156 and act 
as a pivot for lever 156 with respect to lever i57. Lever 
156 has a free end which extends generally to about the 
same extent as does the free end of lever 157. Adjacent 
their free ends, levers 156 and 157 have a pair of coop 
erating tabs 203 and 204, respectively, which limit the 
amount of movement of the free end of lever 156 away 
from the free end of lever 157. Lever 156 has at its free 
end three abutment tabs, 205, 206 and 207. Tabs 205 and 
207 cooperate with a movable adjustment member 164 
and a fixed abutment member 208, respectively. Adjust 
ment member 208 is press-fitted into body member 140 
and cannot be moved once it has been forced into the 
body. This member provides a factory adjustment which 
limits the pivotal movement of lever 156 toward operating 
diaphragm 141. Adjustment member 164 provides a field 
adjustable limit of the pivotal movement of member 156 

O 

20 

6 
towards operating diaphragm 141. Tab206 on lever 156 
cooperates with an abutment surface 210 which is an 
integral part of body member 140 and provides an abso 
lute limiting position of the free end of lever 156 with 
respect to operating diaphragm 141 irregardless of the 
adjustment members 164 and 208. Similarly, lever 157 
has adjacent its free end an abutment tab 211 which 
cooperates with an abutment portion 22 on body member 
140 to limit the displacement of the free end of lever 157 
in a direction away from operating diaphragm 14. 

Lever member 156 has formed therein a portion 166 
which acts as a spring engaging member or portion which 
engages one end of a loading spring 170, the other end 
of which acts upon operating diaphragm 141 and urges it 
to a position wherein it closes exhaust valve closure mem 
ber 5 against passage 150. A substantially lighter spring 
171 acts between the upper surface of lever 156 and the 
under surface of timing diaphragm 143 and normally 
maintains timing diaphragm i43 out of engagement with 
lever 56. 
The operation of this embodiment of my invention is 

substantially the same as that discussed in connection with 
the previous figures. Timing chamber 146 is connected by 
a restricted passage, such as passage 52, to an area which 
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is normally at a pressure insufficient to cause timing dia 
phragm E43 to move down in opposition to the bias of 
spring 7; but which area is supplied with a higher pres 
sure when the main valve is operated to an open position 
and pressure is supplied to the area to which passage 50 
is connected. Spring 70 normally urges diaphragm i41 to 
a position wherein it closes valve closure member 152, and 
it urges lever 156 in a clockwise direction. So that abut 
ment tab 283 thereon engages the underside of abutment 
tab 264 on lever 57. The position of the free end of lever 
i57 is determined by the adjustment of member 65. This 
corresponds to a minimum loading condition for dia 
phragm i41. Upon initial application of pressure to the 
valve, operating diaphragm 14 responds to a relatively 
low pressure corresponding to this minimum loading con 
dition. As pressure builds up in timing chamber 146, tim 
ing diaphragm 43 is driven downwardly so that it en 
gages lever 56 and moves it in a counterclockwise direc 
tion to compress loading spring 37. The amount of move 
ment which lever 156 can make is determined by the posi 
tion of adjustment member 64 which will thus determine 
the maximum loading condition of the operating dia 
phragm. When the operating diaphragm is so loaded, the 
valve responds only to a substantially greater pressure. 

It will be appreciated that means for providing "high 
low” selection for the operation of the valve may be pro 
vided by simply adding to the structure disclosed in FIG 
URES 5 and 6 the high-low selector apparatus disclosed 
in Fig URES 2 and 3 or that disclosed in FIGURE 4. 

I have described certain preferred embodiment of my 
invention and one environment in which it finds utility. 
From this description it can be seen that my invention pro 
vides a simple, reliable modulating exhaust valve for 
controlling a main pressure operated valve. The structure 
includes pressure operated means for varying the loading 
on the exhaust valve a predetermined time after initial 
operation of the valve to cause the exhaust valve to then 
regulate at a substantially greater pressure. In addition, 
I have provided means whereby this stepping function may 
be selectively manually overridden so that the valve will 
operate only at the lower pressure if this operation is de 
sired. In view of this disclosure of these particular pre 
ferred embodiments of my invention, various modifications 
may be apparent to those skilled in the art without depart 
ing from the scope of my invention. For this reason it is to 
be understood that the description herein is by way of 
example only and my invention is to be limited solely by 
the scope of the appended claims. 

I claim: 
1. A pressure responsive exhaust valve for use in con 

trolling a main valve of the type having a main closure 
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member biased to a closed position, a control chamber in 
cluding a movable wall operably connected to the main 
closure member and responsive to pressure in the control 
chamber to open the closure member, and control valve 
means operable to a first position to connect the control 
chamber to pressure at the inlet of the main valve to cause 
opening of the main closure member, and operable to a 
second position to connect the control chamber to the 
outlet of the main valve to cause closure of the main 
closure member, the exhaust valve comprising: a body 
having a void therein; a pair of spaced, generally parallel 
diaphragms disposed in said void and dividing it into an 
operating chamber between the first of said diaphragms 
and said body and a timing chamber between the Second 
of said diaphragms and said body, and a central chamber 
intermediate said diaphragms; first fluid passage means 
including a flow restriction and connecting said central 
chamber to atmosphere; second fluid passage means 
adapted to connect said operating chamber to the outlet 
of the main valve; third fluid passage means adapted to 
connect said operating chamber to the control chamber; an 
exhaust valve closure means cooperable with said third 
fluid passage to control fluid flow therethrough, said clos 
ure member being operably engaged by said first dia 
phragm and normally urged thereby to a position to close 
said third passage means, said first diaphragm being re 
sponsive to fluid pressure in said operating chamber for 
movement toward said central chamber to allow said clos 
ure member to open said third passage means; a pair of 
spaced generally parallel lever members cantilevered on 
said body in said central chamber and extending generally 
parallel to said diaphragms, said fevers having a pair of 
aligned apertures therethrough, each of said levers hav 
ing a calibration tab extending therefrom at an acute angle 
to said levers; a first adjustment member threaded into 
said body and extending into said central chamber gen 
erally parallel to said levers and engaging the calibration 
tab on the first of said levers so that said adjustment mem 
ber may be selectively manipulated to deflect said first lever 
toward or away from the second of Said levers; a second 
adjustment member, similar to said first adjustment mem 
ber and engaging the calibration tab on said second lever 
so that said second adjustment member may be selectively 
manipulated to deflect said second lever toward or away 
from said first lever; a generally cup-shaped member hav 
ing an annular flange around its exterior, said member 
being entrapped between said lever members with the 
closed end of the cup extending through said second ever 
toward said second diaphragm; a first loading spring dis 
posed between said cup-shaped member and said first dia 
phragm and urging said first diaphragm to a position to 
close said closure member with respect to said third pas 
sage and urging said cup-shaped member toward a posi 
tion wherein the flange thereon engages said second lever; 
a second, substantially lighter spring intermediate said 
cup-shaped member and said second diaphragm and nor 
mally urging said second diaphragm away from the cup 
shaped member; and a restricted fluid passage adapted to 
connect said timing chamber to an area supplied with 
fluid pressure only during operation of the main valve in 
an open position so that, upon initial opening of the main 
valve, the exhaust valves opens in response to outlet pres 
sure effective to overcome the loading on said first dia 
phragm which is determined by the setting of said first ad 
justment member to cause outlet pressure regulation at 
a first pressure level and, after a time delay determined 
by the size of the restriction in said restricted passage 
means, the pressure in said timing chamber becomes suffi 
cient to overcome said second spring and moves said sec 
ond diaphragm into engagement with said cup-shaped 
member and thereby moves said cup-shaped member so 
that said flange thereon abuts said first lever and addition 
ally loads said first diaphragm so that said exhaust valve 
opens only in response to a second relatively greater out 
let pressure determined by the position of said second ad 
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S. 
justment member and causes a step operation by the main 
valve and regulation at said second pressure. 

2. The exhaust valve of claim 1 wherein means is as 
sociated with said second diaphragm for selective opera 
tion to render said second diaphragm inoperative to ad 
ditionally load said first diaphragm after said time delay 
so that the valve operates continuously at said first pres 
Sle. 

3. A pressure responsive exhaust valve for use in con 
trolling the bleed from the control chamber of a main 
valve of the type having a main closure member biased 
to a closed position and a movable wall responsive to 
pressure in the control chamber to open the closure mem 
ber, the exhaust valve comprising: a body having an 
operating chamber and a timing chamber therein, said 
chambers having first and second movable walls, respec 
tively, each of said movable walls having one side exposed 
to fluid pressure in the corresponding chamber and the 
other side exposed to an area of low pressure; first fluid 
passage means adapted to connect said operating cham 
ber to the outlet of the main valve; second fluid passage 
means adapted to connect said operating chamber to the 
control chamber; an exhaust valve closure member as 
sociated with said second passage means and operably 
connected to said first movable wall and operable thereby 
to control fluid flow through said second fluid passage 
means, fluid pressure in said operating chamber urging 
said first movable wall in a direction to open said ex 
haust valve member; a pair of spaced lever members 
cantilevered on said body; a first adjustment member 
threaded into said body and engaging the first of said 
levers so that the first adjustment member may be se 
lectively manipulated to deflect said first adjustment mem 
ber toward or away from the second of said levers; a sec 
ond adjustment member, similar to said first adjustment 
member and engaging said second lever so that said 
second adjustment member may be selectively manipu 
lated to deflect said second lever toward or away from 
said first lever; a spring engaging member disposed be 
tween said lever members and movable therebetween 
and operably engageable by said second movable wall 
upon application of fluid pressure to said timing cham 
ber; a first loading spring operably connected to said en 
gaging member and to said first movable wall and yield 
ably urging said first movable wall to close said valve 
member and urging said engaging member into abutment 
with said second lever; a second, substantially lighter 
spring intermediate said engaging member and said sec 
ond movable wall and normally urging said second mov 
able wall away from operative engagement with said en 
gaging member; and a restricted fluid passage adapted to 
connect said timing chamber to an area supplied with 
fluid pressure only during operation of the main valve 
to an open position so that upon initial opening of the 
main valve, the exhaust valve opens in response to a first 
outlet pressure on said first movable wall effective to over 
come the loading thereon which is determined by the set 
ting of Said first adjustment member to cause outlet pres 
Sure regulation at said first pressure, and, after a time de 
lay determined by the size of the restriction in said re 
Stricted passage means, the pressure in said timing cham 
ber becomes Sufficient to overcome said second spring and 
moves said second movable wall into operative engage 
ment with said engaging member and moves said engag 
ing member so that it abuts said first lever and thereby 
additionally loads said first movable wall so that said ex 
haust valve opens only in response to a second relatively 
greater outlet pressure determined by the position of said 
Second adjustment member and causes a step by the main 
valve and regulation at said second pressure. 

4. An exhaust valve for use in controlling the bleed 
from the pressure chamber of a main valve of the type 
having a main closure member operated in response to 
the pressure in the pressure chamber, the exhaust valve 
comprising: a body having a void therein; a pair of 
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spaced, generally parallel diaphragms disposed in said 
void and dividing it into an operating chamber and a 
timing chamber on opposite sides of said diaphragms and 
a central chamber intermediate said diaphragms; first 
passage means connecting said central chamber to atmos 
phere; second fluid passage means adapted to connect 
said operating chamber to the outlet of the main valve; 
third fluid passage means adapted to connect said oper 
ating chamber to the control chamber; an exhaust valve 
closure member in said operating chamber, operably en 
gaged by said first diaphragm and normally urged there 
by, in opposition to pressure in said operating chamber, 
to a position to close said third passage means; a pair of 
spaced generally parallel lever members mounted on said 
body in said central chamber and extending generally 
parallel to said diaphragms; a spring engaging member 
disposed between said lever members and movable there 
between; a first loading spring yieldably urging said first 
diaphragm to a position to close said closure member and 
urging said spring engaging member toward said second 
lever; a second, substantially lighter, spring normally 
urging said second diaphragm away from the spring en 
gaging member; and a restricted fluid passage adapted 
to connect said timing chamber to an area supplied with 
fluid pressure only when pressure is applied to the pres 
sure chamber of the main valve so that, upon initial 
opening of the main valve, the exhaust valve opens in 
response to outlet pressure effective to overcome the 
loading by said first spring and, after a time delay de 
termined by the size of the restriction in said restricted 
passage, the pressure in said timing chamber overcomes 
said second spring and moves said second diaphragm into 
engagement with said spring engaging member and ad 
ditionally loads said first diaphragm so that said exhaust 
valve opens only in response to a second relatively greater 
outlet pressure. 

5. An exhaust valve for use in controlling the bleed 
from the pressure chamber of a main valve of the type 
having a main closure member operated in response to 
pressure in the pressure chamber, the exhaust valve com 
prising: a body having an operating chamber and a tim 
ing chamber therein, said chambers having first and sec 
ond movable walls, respectively, each of said movable 
walls having one side exposed to fluid pressure in the cor 
responding chamber and the other side exposed to an area 
of low pressure; first fluid passage means adapted to con 
nect said operating chamber to the outlet of the main 
valve; second fluid passage means adapted to connect said 
operating chamber to the pressure chamber; an exhaust 
valve closure member associated with said second pas 
sage means and operable by said first movable wall to 
control fluid flow through said second fluid passage 
means, fluid pressure in said operating chamber urging 
said first movable wall in a direction to open said exhaust 
valve member; a pair of lever members mounted on said 
body; a spring-engaging member disposed between said 
lever members and movable therebetween and operably 
engageable by said second movable wall; a first loading 
spring disposed between said engaging member and said 
first movable wall and urging said first movable wall to 
a position to close said exhaust valve member and urg 
ing said engaging member into abutment with said sec 
ond lever; a second, substantially lighter, spring interme 
diate said engaging member and said second movable wall 
and normally urging said second movable Wall away 
from operative engagement with said engaging member; 
and a restricted fluid passage adapted to connect said 
timing chamber to an area normally at a relatively low 
pressure incapable of moving said second movable wall 
in opposition to said second spring and Supplied with a 
higher pressure sufficient to overcome said second spring 
only when the main valve is operated to its open position 
so that, upon initial opening of the main valve, the ex 
haust valve opens in response to a first outlet pressure 
on said first movable wall and, after a time delay de 
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termined by the size of the restriction in said restricted 
passage means, the pressure in said timing chamber over 
comes said second spring and moves said second mov 
able wall into operative engagement with said engaging 
member and moves said engaging member into abutment 
with said first lever to additionally load said first mov 
able wall so that said exhaust valve opens only in re 
sponse to a second relatively greater outlet pressure. 

6. The exhaust of claim 5 wherein there is associated 
with said second movable wall, means selectively operable 
to render said second movable wall inoperative to addi 
tionally load said first movable wall after said time delay 
so that the valve operates continuously at said first pres 
Sule. 

7. A pressure responsive exhaust valve comprising: a 
body having an operating chamber and a timing chamber 
therein, said chambers having first and second movable 
walls, respectively, each of said movable walls having one 
side exposed to fluid pressure in the corresponding cham 
ber and the other side exposed to an area of low pressure, 
said body having a valve port in said operating chamber; 
a valve closure member operable by said first movable 
Wall to control fluid flow through said port, fluid pressure 
in Said operating chamber urging said first movable wall 
in a direction to open said closure member; a pair of 
spaced lever members mounted on said body and spaced 
from said first movable wall; manual adjustment means 
associated with said levers and selectively movable in said 
body to adjust the position of said levers with respect to 
each other and with respect to said first movable wall; a 
Spring engaging member disposed between said lever mem 
bers and movable therebetween; a first loading spring be 
tween said engaging member and said first movable wall, 
urging said first movable wall to a position to close said 
closure member and urging said engaging member into 
abutment with said second lever; a second, substantially 
lighter, spring normally urging said second movable wall 
away from operative engagement with said engaging mem 
ber; a restricted fluid passage adapted to connect said 
timing chamber to an area supplied with fluid pressure 
whenever pressure is applied to said operating chamber so 
that, upon initial application of pressure to said operating 
chamber, the closure member opens in response to a first 
pressure on said first movable wall effective to overcome 
the loading thereon determined by the position of said 
second lever, and, after a time delay determined by the 
size of the restriction in said restricted passage, the pres 
sure in said timing chamber overcomes said second spring 
and moves said second movable wall into operative en 
gagement with said engaging member and thereby addi 
tionally loads said first movable wall so that said exhaust 
valve opens only in response to a second relatively greater 
pressure determined by the position of said first lever. 

3. The exhaust valve of claim 7 wherein there is as 
sociated with said second movable wall, means selectively 
operable to render said second movable wall inoperative 
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to additionally load said first movable wall after said time 
delay so that the valve operates continuously at said first 
pressure. 

9. A pressure responsive exhaust valve for use in con 
trolling a main valve of the type having an inlet and an 
outlet, a main closure member between the inlet and 
outlet and movable between open and closed positions to 
control flow therethrough, means biasing the main clo 
sure member to one of those positions, a movable wall 
operably connected to the closure member and operable 
in response to the pressure in a control chamber to move 
the closure member toward the other of those positions, a 
pilot valve operable between a first position wherein it 
connects the control chamber to the inlet and a second 
position wherein it connects the control chamber to the 
outlet, the exhaust valve comprising: a body having an 
opening therein; first and second movable walls in said 
body dividing said opening into three chambers includ 
ing an operating chamber having said first movable wall 
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as one wall thereof, a timing chamber having said second 
movable wall as one wall thereof and an intermediate 
chamber between said first and second movable walls; first 
fluid passage means connecting said operating chamber to 
the control chamber of the main valve; second fluid pas 
sage means connecting said operating chamber to the out 
let of the main valve; exhaust valve closure means co 
operable with said first fluid passage means to control 
fluid flow therethrough, said exhaust valve being operably 
connected to said first movable wall, fluid pressure in said 
operating chamber urging said first movable wall toward 
a position wherein said exhaust valve closure means is 
opened; loading spring means operably engaging said first 
movable wall to urge it to a position to close said exhaust 
valve closure means; lever means mounted on said body 
and having a portion movable with respect thereto; spring 
engaging means operably engaging said loading spring 
means and being movable to vary the loading on said first 
movable wall, said spring engaging means being operably 
associated with said lever means and positioned accord 
ing to the position of said movable portion of said lever 
means, said spring engaging means being operably engage 
able by said first movable wall; adjustment means oper 
ably associated with said lever means and manually mov 
able to select the limits of movement of said spring en 
gaging means and thereby the maximum and minimum 
loading conditions of said first movable wall; yieldable 
biasing means normally urging said second movable wall 
out of operable engagement with said spring engaging 
means; and third fluid passage means, including a time de 
lay flow restriction, connecting said timing chamber to an 
area normally at a relatively low pressure incapable of 
moving said second movable wall in opposition to said 
yieldable biasing means and supplied with a higher pres 
Sure only when the main valve is operated to its open 
position. So that, upon initial operation, said exhaust valve 
responds to a pressure corresponding to the minimum 
loading condition and maintains pressure at the outlet 
substantially constant at that pressure and, after a time 
delay due to said restriction, pressure in said timing cham 
ber causes said second movable wall to move said lever 
to its maximum loading position and said exhaust valve 
then responds only to a susbtantially greater pressure and 
maintains the outlet pressure substantially constant at said 
greater pressure. 

10. The exhaust valve of claim 9 wherein there is as 
sociated with said second movable wall, means selectively 
operable to render said second movable wall inoperative 
to additionally load said first movable wall after said time 
delay so that the valve operates continuously at said first 
pressure. 
1. The exhaust valve of claim 10 wherein the last 

named means is a manually movable abutment member 
selectively movable between a first position wherein it 
physically engages said second movable wall and thereby 
prevents it from moving into operative engagement with 
said spring engaging member, so that the valve operates 
only at said first pressure, and a second position wherein 
said abutment member does not interfere with movement 
of said second movable wall. 

12. The exhaust valve of claim 10 wherein the last 
named means includes an exhaust passage connecting said 
timing chamber to atmosphere, and valve means in Said 
exhaust passage selectively operable between an open posi 
tion wherein it connects said timing chamber to atmos 
phere, so that pressure does not build up in Said timing 
chamber to move said second movable wall into engage 
ment with said spring engaging means, and a closed posi 
tion wherein said exhaust passage is blocked. 

13. A pressure responsive exhaust valve for use in 
controlling a main valve of the type having an inlet and 
an outlet, a main closure member between the inlet and 
outlet and movable between open and closed positions 
to control flow therethrough, means biasing the main 
closure member to one of those positions, a movable 
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wall operably connected to the closure member and oper 
able in response to the pressure in a control chamber to 
move the closure member toward the other of those posi 
tions, a two-position pilot valve operable between a first 
position wherein it connects the control chamber to the 
inlet and a second position wherein it connects the control 
chamber to the outlet, the exhaust valve comprising: a 
body having an opening therein; first and second movable 
walls in said body dividing said opening into three cham 
bers including at atmospheric chamber intermediate said 
first and second movable walls, an operating chamber 
having said first movable wall as one wall thereof, and a 
timing chamber having said second movable wall as one 
wall thereof; first fluid passage means connecting said 
operating chamber to the control chamber of the main 
valve; second fluid passage means connecting said operat 
ing chamber to the outlet of the main valve; exhaust 
valve closure means cooperable with said first fluid pas 
sage means to control fluid flow therethrough, said ex 
haust valve being operable connected to said first mov 
able wall, fluid pressure in said operating chamber urg 
ing said first movable wall toward a position wherein said 
exhaust valve closure means is opened; loading spring 
means disposed in said atmospheric chamber and operably 
engaging said first movable wall to urge it to a position to 
close said exhaust valve closure means; lever means 
mounted on said body in said atmospheric chamber and 
having a portion movable in said chamber; spring engag 
ing means disposed in said atmospheric chamber and 
operably engaging said loading spring means and being 
movable with respect thereto to vary the loading on said 
first movable wall, said spring engaging means being oper 
ably associated with said lever means and positioned in 
said chamber according to the position of said movable 
portion of said lever means; adjustment means operably 
associated with said lever means and manually movable 
to select the limits of movement of Said spring engaging 
member and thereby the maximum and minimum loading 
conditions of said first movable wall, said spring engaging 
means being disposed so that, upon application of fluid 
pressure to said timing chamber, said second movable 
wall operably engages said spring engaging means and 
moves it toward its maximum loading position; yieldable 
biasing means normally urging said second movable wall 
out of operable engagement with said spring engaging 
means; and third fluid passage means, including a time 
delay flow restriction, connecting said timing chamber to 
an area normally at a relatively low pressure incapable of 
moving said second movable wall in opposition to said 
yieldable biasing means and supplied with a higher pres 
sure only when the main valve is operated to its open 
position so that, upon initial operation, said exhaust valve 
responds to a pressure corresponding to the minimum 
loading condition and maintains pressure at the outlet sub 
stantially constant at that pressure and, after a time delay 
due to said restriction, said second movable wall moves 
said spring engaging member to its maximum loading 
position and said exhaust valve responds only to a sub 
stantially greater pressure and maintains the outlet pres 
sure substantially constant at said greater pressure. 

4. A pressure responsive exhaust valve for use in con 
trolling a main valve of the type having an inlet and an 
outlet, a main closure member between the inlet and out 
let and movable between open and closed positions to 
control flow therethrough, means biasing the main closure 
member to one of those positions, a movable wall oper 
able connected to the closure member and operable in 
response to the pressure in a control chamber to move 
the closure member toward the other of those positions, 
a pilot valve operable between a first position wherein 
it connects the control chamber to the inlet and a second 
position wherein it connects the control chamber to the 
outlet, the exhaust valve comprising: a body having an 
opening therein; first and second movable walls in said 
body dividing said opening into three chambers including 
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an operating chamber having said first movable wall as 
one wall thereof, a timing chamber having said second 
movable wall as one wall thereof and an intermediate 
chamber between said first and second movable walls; 
first fluid passage means for connecting said operating 
chamber to the control chamber of the main valve; second 
fluid passage means for connecting said operating cham 
ber to the outlet of the main valve; exhaust valve closure 
means cooperable with said first fluid passage means to 
control fluid flow therethrough, said exhaust valve being 
operably connected to said first movable wall, fluid pres 
sure in said operating chamber urging said first movable 
wall toward a position wherein said exhaust valve closure 
means is opened; loading spring means operably engaging 
said first movable wall to urge it to a position to close 
said exhaust valve closure means; a lever pivotally 
mounted on said body and including a spring engaging 
portion operably engaging said loading spring means and 
movable to vary the loading on said first movable wall, 
said lever being operably engageable by said second mov 
able wall; adjusting means including abutment means 
adapted to fix the extent of movement of said spring en 
gaging portion to determine the maximum and minimum 
loading conditions respectively, on said first movable wall; 
said lever being disposed so that, upon application of 
fluid pressure to said timing chamber, said second mov 
able wall operably engages said lever and moves it toward 
its maximum loading position; yieldable biasing means 
normally urging said second movable wall out of operable 
engagement with said spring engaging means; and third 
fluid passage means, including a time delay flow restric 
tion, connecting said timing chamber to an area normally 
at a relatively low pressure incapable of moving said 
second movable wall in opposition to said yieldable bias 
ing means and supplied with a higher pressure only when 
the main valve is operated to its open position so that, 
upon initial operation, said exhaust valve responds to a 
pressure corresponding to the minimum loading condition 
and maintains pressure at the outlet substantially constant 
at that pressure and, after a time delay due to said restric 
tion, said second movable wall moves said lever to its 
maximum loading position and said exhaust valve re 
sponds only to a substantially greater pressure and main 
tains the outlet pressure substantially constant at said 
greater pressure. 

15. A pressure responsive exhaust valve for use in con 
trolling a main valve of the type having an inlet and an 
outlet, a main closure member between the inlet and out 
let and movable between open and closed positions to 
control flow therethrough, means biasing the main closure 
member to one of those positions, a movable wall oper 
ably connected to the closure member and operable in 
response to the pressure in a control chamber to move 
the closure member toward the other of those positions, a 
pilot valve operable between a first position wherein it 
connects the control chamber to the inlet and a second 
position wherein it connects the control chamber to the 
outlet, the exhaust valve comprising: a body having an 
opening therein; first and second movable walls in said 
body dividing said opening into three chambers including 
an operating chamber having said first movable wall as 
one wall thereof, a timing chamber having said second 
movable wall as one wall thereof and an intermediate 
chamber between said first and second movable walls; first 
fluid passage means connecting said operating chamber 
to the control chamber of the main valve; second fluid 
passage means connecting said operating chamber to the 
outlet of the main valve; exhaust valve closure means 
cooperable with said first fluid passage means to control 
fluid flow therethrough, said exhaust valve being operably 
connected to said first movable wall, fluid pressure in said 
operating chamber urging said first movable wall toward 
a position wherein said exhaust valve closure means is 
opened; loading spring means disposed in said atmos 
pheric chamber and operably engaging said first movable 
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wall to urge it to a position to close said exhaust valve 
closure means; a first lever member cantilevered on said 
body and extending generally parallel to said first mov 
able wall in the chamber between said first and second 
movable walls and having a free end deflectable toward 
and away from said first movable wall; a second lever 
member pivoted on said body in the chamber between 
said first and second movable walls and having a free end 
portion movable toward and away from said first movable 
wall, said free end portion operably engaging said loading 
spring means so that movement toward and away from 
said first movable wall is effective to vary the loading 
thereon; means providing a lost motion connection be 
tween the free ends of said first and second lever mem 
bers to limit the permissible pivotal movement of said 
second lever away from said first lever; first adjustment 
means for limiting the deflection of said first lever away 
from said first movable wall to determine the minimum 
loading condition on said first movable wall; second ad 
justment means cooperable with said second lever to limit 
its movement toward said first movable wall to determine 
the maximum loading condition for said first movable 
wall; said second lever being disposed so that, upon ap 
plication of fluid pressure to said timing chamber, said 
second movable wall operably engages said second lever 
and moves it toward its maximum loading position; yield 
able biasing means normally urging said second movable 
wall out of operable engagement with said spring engag 
ing means; and third fluid passage means, including a time 
delay flow restriction, connecting said timing chamber 
to an area normally at a relatively low pressure incapable 
of moving said second movable wall in opposition to said 
yieldable biasing means and supplied with a higher pres 
sure only when the main valve is operated to its open posi 
tion so that, upon initial operation, said exhaust valve 
responds to a pressure corresponding to the minimum 
loading condition and maintains pressure at the outlet 
substantially constant at that pressure and, after a time 
delay due to said restriction, said second movable wall 
moves said second lever to its maximum loading position 
and said exhaust valve responds only to a substantially 
greater pressure and maintains the outlet pressure sub 
stantially constant at said greater pressure. 

16. A pressure responsive exhaust valve comprising: 
a body having an operating chamber and a timing cham 
ber therein, said chambers having first and second mov 
able walls, respectively, each of said movable walls hav 
ing one side exposed to fluid pressure in the correspond 
ing chamber and the other side exposed to an area of 
low pressure, said body having a valve port in said op 
erating chamber; a valve closure member operable by 
said first movable wall to control fluid flow through said 
port, fluid pressure in said operating chamber urging said 
first movable wall in a direction to open said closure 
member; loading spring means operably engaging said 
first movable wall to urge it to a position to close said 
exhaust valve closure means; lever means mounted on 
said body and having a portion movable with respect 
thereto; spring engaging means operably engaging said 
loading spring means and being movable to vary the load 
ing on said first movable wall, said spring engaging means 
being operably associated with said lever means and posi 
tioned according to the position of said movable portion 
of said lever means, said spring engaging means being 
operably engageable by said first movable wall; adjust 
ment means operably assoicated with said lever means 
and manually movable to select the limits of movement 
of said spring engaging means and thereby the maximum 
and minimum loading conditions of said first movable 
wall; yieldable biasing means normally urging said second 
movable wall out of operable engagement with said spring 
engaging means; and a restricted fluid passage adapted 
to connect said timing chamber to an area supplied with 
fluid pressure whenever pressure is applied to said operat 
ing chamber so that upon initial application of pressure to 
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said operating chamber, the closure means opens in re 
sponse to a first pressure on said first movable wall ef 
fective to overcome the loading thereon corresponding to 
said minimum loading condition, and, after a time delay 
determined by the size of the restriction in said restricted 
passage, the pressure in said timing chamber overcomes 
said yieldable biasing means and moves said second mov 
able wall into operative engagement with said spring en 
gaging means and thereby moves said spring engaging 
means to its maximum loading position so that said ex 
haust valve opens only in response to a second relatively 
greater pressure. 

16 
17. The exhaust valve of claim 16 wherein there is as 

sociated with said second movable wall, means selectively 
operable to render said second movable wall inoperative 
to additionally load said first movable wall after said time 
delay so that the valve operates continuously at said first 
pressure. 
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