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[57] ABSTRACT 
An adjustable gain pilot relay incorporates a body 
member having a pair of axially aligned valve seats 
therein and a valve plug coacting with each valve seat 
and supported by flexures which center the valve 
plugs relative to the valve seats and which hold the 
valve plugs in their operating positions. The valve 
plugs are adjustable relative to one another and to the 
valve seats in a novel manner such that both ports may 
be open at a steady-state condition, both valve ports 
may be closed at a steady~p1ate condition, or that 
some travel of the exhaust valve stem relative to the 
relay housing is necessary to open either valve port. 
Thereby adjustment of the relay gain is made. 
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l 
PNEUMATIC RELAY 

BACKGROUND OF THE INVENTION 

This invention relates to a pilot relay and more par 
ticularly, to an improved pilot relay having novel ?ex 
ure supports for each of the valve plugs therein and 
means for readily adjusting the positions of the valve 
plugs within the pilot relay relative to one another and 
to their valve seats. 

In one important application, the new and improved 
pilot relay of this invention is used as the power ampli? 
er in a positioner mechanism which controls the posi 
tion of an actuator. An input signal to the positioner 
creates a pressure condition to the input section of the 
relay resulting in a change in pressure to the actuator. 
The actuator motion is transferred by a series of levers 
and springs which provides a feedback force to the 
input element of the positioner which balances the new 
input force. 
A pilot relay of a type to which the present invention 

generally relates is provided with a housing having a 
supply inlet, an exhaust outlet, an outlet opening com 
municating with the actuator, and a signal opening 
communicating with an electro-pneumatic valve posi 
tioner, as for example, a torque motor beam which is 
responsive to an electrical signal for regulating the out 
put from a nozzle. Valve plug means are reciprocal in 
the cavity or chamber of the valve housing. Ordinarily, 

~ a standard double poppet valve is employed, with a 
diaphragm or like means being used to adjust the pop 
pet valve so as to selectively position the valve elements 
between (I) a ?rst position wherein the inlet is closed 
and the outlet is open, (2) a second position wherein 
the outlet is closed and the inlet is open and (3) an in~ 
termediate or steady-state position wherein both the 
inlet and the outlet are open for venting the supply 
pressure to atmosphere so as to maintain the required 
pressure necessary to position the stern in the actuator. 
A limitation of the standard double poppet valve is that 
it usually comprises a single piece carrying lands which 
contact the inlet and outlet valve seats, with no means 
for adjusting the position of the two plugs relative to 
one another. 

The prior art has suggested separating a pair of 
cooperating valves within a relay or a valve member so 
as to make them separately operable one with respect 
to the other in the control of axially aligned valve seats. 
Boyer US. Pat. No. 2,919,7l6for example, discloses a 
valve mechanism having a pair of aligned valves, each 
of which engages a valve seat, the valves being in part 
actuated by an intermediate member separate from 
each. 

It is also old to provide a pair of axially aligned mem 
bers, one slidable upon the other to control passage of 
?uid through a pair of aligned openings. A device in 
corporating such aligned valves is shown in Greenlees 
US. Pat. No. 3,004,526. 
Yet another form of mounting a pair of aligned 

valves so as to render them movable one with respect to 
the other along a common axis is shown in Lindquist 
US. Pat. No. 3,195,416, 195, wherein a pair of valves 
are separately resiliently mounted on a stem for move 
ment toward and away from aligned valve seats. These 
prior arrangements do not include means for readily 
adjusting the positions of the valves relative to one 
another and to their valve seats. 
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An object of the present invention is to provide an 

improved pilot relay which incorporates a pair of 
aligned valve plugs movable toward and away from a 
'pair of aligned seats, with novel ?exure means being 
provided to support the valve plugs within the valve 
housing. 
Another object of the present invention is to provide 

an improved pilot relay wherein the location of the 
valve plugs with respect to one another and to their 
valve seats may be adjusted in a simple manner thereby 
creating a new relay gain or ratio of input signal pres 
sure to output pressure. 

Still another object of this invention is to provide an 
improved pilot relay wherein a pair of aligned valve 
plugs are ?exure mounted, and wherein the supply 
valve stem is adjustable so as to permit valve travel to 
be more precise than would be economically possible if 
reliance were had on dimensional tolerances alone. 
Yet another object of this invention is to provide an 

improved pilot relay which is economical to manufac 
ture and reliable in use. Other objects and advantages 
of the present invention will become more apparent 
hereinafter. 

BRIEF DESCRIPTION OF THE DRAWING 

A presently preferred form of the present invention 
is shown in the attached drawing, wherein like nu 
merals refer to like elements in the various views, and 
wherein: 

FIG. 1 is a diagrammatic view illustrating a typical 
system employing the pilot relay of the present inven 
tion; 

FIG. 2 is an enlarged cross-sectional view of the pilot 
relay of FIG. 1; 

FIG. 3 is a plan view of a ?exure for supporting a 
valve plug in the pilot relay; and 

FIGS. 4a-4e are detail'cross-sectional views illustrat 
ing the operation of the pair of valve plugs with respect _ 
to their respective valve seats in differentoperating 
phases. . 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

In FIG. 1 there is illustrated schematicallya system 
incorporatingthe pilot relay of the present invention. 
Provided in the system is an actuator 10 which includes 
a housing having therein a pressure responsive element 
12 as, for example, a diaphragm, which is adapted to be 
connected to an actuating stem or rod for positioning a 
valve in a conduit (not shown) to regulate ?uid flow 
therethrough. A spring 16 disposed concentrically 
about the rod 14 acts against the diaphragm 12 in op 
position to the pressure in the chamber above the’ 
diaphragm. 

Also provided in the system is a valve positioner 20 
of the electropneumatic type. Positioner 20 comprises 
a torque motor 22 having an armature 24 which is 
adapted to be positioned so as to control the bleed of 
fluid pressure from a nozzle opening 26. The torque 
motor 22 responds to a direct current milliampere 
input signal and causes the armature 24 to pivot about 
axis 21. Feedback means 27, which will be more fully 
described hereinafter, are operative between the ac 
tuating stem 14 of the actuator 10 and the armature 24 
of the torque motor 22. 
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The pilot relay 30 (FIGS. 1 and 2) of the present in 
vention comprises a housing 32 which has a supply inlet 
opening 34 therein connected to a supply conduit 36 
that is in turn communicated with a source of supply 
pressure. Disposed within housing 32 is a cavity or 
chamber 38 which communicates with the supply inlet 
opening 34 by means of an internal passageway 40 in 
housing 32. 
A seat ring assembly 42, which has de?ned thereon a 

pair of valve seats 44 and 46, is located in cavity or 
chamber 38. O-rings are provided to seal between the 
seat ring assembly 42 and the walls of chamber 38. 
Valve members or valve plugs 43 and 45 are adapted to 
cooperate with the valve seats or ports 44 and 46. Each 
of the valve members 43, 45 is retained in an operating 
position and centered with respect to the ports 44 and 
46 by ?exure members or ?exures 48 and 50, respec 
tively. Each of the valve plugs 43 and 45 is secured, 
such as by spot welding, to ?exures 48 and 50, respec 
tively. Then with the valve plugs 43 and 45 centered in 
the valve seats 44 and 46, respectively, each of the ?ex 
ures 48 and 50 is secured, such as by spot welding, to 
the seat ring assembly 42. As will be more fully ex 
plained later, the supply valve stem 52 is threadedly en 
gaged with the supply valve member 45 and is adapted 
to extend through a central passage in the seat ring as 
sembly 42 and abut the end of the exhaust valve stem 
54 extending through the exhaust valve member 43. 
The valve member 43 is slidable with respect to the ex 
haust valve stem 54 and is biased against the shoulder 
of the exhaust valve stem 54, as viewed in FIG. 1, by 
means of ‘the spring 56. 
The seat ring assembly 42 is maintained in place by 

corrugated spring washer 53 which acts between the 
cover 31 which is af?xed to and forms a part of housing 
32 and special washer 51, which may be made from an 
aluminum alloy. 

Also provided in the cavity or chamber 38 within the 
housing 32 is a diaphragm or pressure responsive 
member 60. The pressure responsive member 60 is 
biased upwardly, as viewed in FIG. 1, by the resilient 
means or spring 61 which acts against the pressure in 
the chamber 62 de?ned between the top of the 
diaphragm 60 and the interior wall of the housing 32. 

Also provided in the cavity or chamber 38 within the 
housing 32 is a diaphragm or pressure responsive 
member 60. The pressure responsive member 60 is 
biased upwardly, as viewed in FIG. 1, by the resilient 
means or spring 61 which acts against the pressure in 
the chamber 62 de?ned between the top of the 
diaphragm 60 and the interior wall of the housing 32. 
A nozzle restriction and adaptor assembly 70 is pro 

vided in the housing member 32 within passage 40 for 
reducing the supply pressure supplied to the nozzle 
passage 77 from supply conduit 36. An O-ring seal is 
disposed about the assembly 70 to seat between the as 
sembly 70 and housing 32 and prevent communication 
between passages 40 and 77 except through assembly 
70. Conduit 72 communicates with supply inlet open 
ing 34 through an internal passage in assembly 70 and 
signal opening 77. The chamber 62 above the 
diaphragm 60 communicates with the nozzle 26 of the 
torque motor assembly 22 via signal'opening 77 and 
conduit 72. Further, output chamber 41 within seat 
ring assembly 42 connects to actuator 10 through a 
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4 
passage 73 in the housing 32, the outlet opening 74 and 
a conduit 75 that communicates outlet opening 74 with 
the chamber 13 above the diaphragm 12 in actuator 10. 
One feature of this invention is the construction of 

the flexures 48 and 50. Reference will now be made to 
?exure 48 shown in FIG. 3, however, it should be un 
derstood that the comments likewise apply to ?exure 
50, since ‘the ?exures 48 and 50 are identical. Flexure 
48 comprises a thin disc-like member made from metal, 
for example, spring tempered stainless steel and being 
cut out with generally Y-shaped recesses 80, 81 and 82 
which provide intermediate supports 84, 85, and 86 for 
the central portion 88. The thickness of the ?exure 48 
is on the order of 00045-00055 inch. The central 
position 88 has an opening 89 for receiving and holding 
a valve plug. The central portion 88 can move or ?ex 
axially relative to the outer ring-like portion, yet it will 
not rotate about the axis of the ?exure. Thus, a valve 
plug held in the central portion 88 of the ?exure 48 
such as by spot welding can be centered with respect to 
its associated valve seat. Further, the ?exure 48 can be 
retained within the pilot relay 30 such that it will tend 
to maintain the valve plug 43 carried thereon in a 
desired position, for example, an operating position. 

Considering now the overall functioning of the 
system, it is to be noted that an increase in the DC mil 
liampere signal to the coils of the torque motor 22 
causes the armature 24 to rotate about pivot 21, cover 
ing the nozzle 26. The resulting ?ow restriction of noz 
zle 26 produces an increased pressure in the nozzle 
chamber, in conduit 72, and in the upper chamber 62 
of the relay 30. For large input signals, the increased 
nozzle pressure on the relay diaphragm 60 moves the 
relay exhaust valve stem 54 downward, closing the ex 
haust port or valve seat 44 and opening the supply port 
or valve seat 46. Supply air flows from the conduit 36 
through passage 40, open port 46, output chamber 41, 
passage 73 and conduit 75, to increase the output pres 
sure to the chamber 13 above the diaphragm 12 in the 
actuator 10, moving the actuating stem or actuator rod 
14 downward, as viewed in FIG. 1. 
For small input signals, the increased nozzle pressure 

on the relay diaphragm 60, forces the exhaust valve 
stem 54 downward, moving the exhaust valve plug 43 
toward the exhaust valve seat 44 and moving the supply 
valve plug 45 away from the supply valve seat 46. The 
resulting throttling action permits a larger volume of 
?uid, for example, air to flow into the output chamber 
41 through the supply port 46 than from the output 
chamber 41 through the exhaust port 44. This increases 
the output pressure to the chamber 13 above the 
diaphragm 12 and forces the actuating stem 14 to move 
downward. 
The movement of actuating stem 14 is fed back to 

the armature 24 of the torque motor 22 by a mechani 
cal linkage means 27 which includes links 27a, 27b, 27c 
and 27d. Link 27a is ?xedly secured at one end to the 
actuating rod 14. The free end of link 27a is pivoted on 
link 27b. Link/27b pivots at the other end on link 270 
which is pivoted on a support. Link 270 cooperates 
with link 27d which is pivoted on a support. A feedback 
spring 28 acts between the other end of link 27d and ar 
mature 24. The resultant feedback motion causes the 
armature 24 to rotate away from the nozzle 26. Nozzle 
pressure at nozzle opening 26 decreases, reducing the ~ 
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pressure in the chamber 62 and thereby reducing the 
downward force on the exhaust valve stem 54. The 
spring 61 will bias the diaphragm 60 upwardly and per 
mit the lower flexure 50 to move the supply valve plug 
45 toward the supply valve seat 46 and the upper flex 
ure 48 to move the exhaust valve plug 43 away from the 
exhaust valve seat 44, causing the flow through both 
ports 44 and 46 to be equal and preventing any further 
increase in output pressure. The actuator 10 is once 
again at steady-state, but at a higher input signal and a 
new actuating stem 14 position. 
When the DC input signal to the torque motor 22 

decreases, the armature 24 rotates to uncover the noz 
zle 26, decreasing the pressure in the nozzle chamber 
and the relay chamber 62. The relay diaphragm 60 
moves upward reducing the downward force on the ex 
haust valve stem 54. For large input signals this permits 
the lower ?exure 50 to close the supply port 46 and the 
upper ?exure 48 to open the exhaust port 44. Air 
bleeding through the exhaust port 44 passes through 
outlet 69 into exhaust conduit 71 to the atmosphere 
and decreases the output pressure to the diaphragm 12 
in the actuator 10. This permits the actuator stem 14 to 
travel upward so as to suitably position the control 
device connected thereto. a 

For small input signals, the reduced downward force 
on the exhaust valve stem 54 permits the lower ?exure 
50 to move the supply valve plug 45 toward the supply 
valve seat 46 and the upper flexure 48 to move the ex 
haust valve plug 43‘ away from the exhaust valve seat 
44. The resulting throttling action allows a larger 
volume of air to ?ow from the output chamber 41 
through the exhaust port 44 than into the output 
chamber 41 through the supply port 46. This decreases 
the output pressure to the actuator diaphragm 12 in the 
actuator 10 and permits the actuator stem 14 to move 
upward. Actuating stem .14 movement is fed back to 
the armature 24 by the mechanical linkage 27 to 
reposition the armature 24. The exhaust valve plug 43 
moves toward the exhaust valve seat 44 and the supply ' 
valve plug 45 moves away from the supply valve seat 
46, establishing equal ?ow rates through both ports. 
This prevents any further decrease in output pressure 
and results in steady-state conditions. 
With reference to FIGS. 4a, 4b, 4c, 4d, and 4e, there 

is illustrated the various positions of the valve plugs 43 
and 45 during operation of the relay 30. In FIG. 4a, the 
supply valve plug 45 is closed, the exhaust valve plug 
43 is fully open, and there is maximum exhaust of pres 
sure to the atmosphere through opening 69. In FIG. 4b, 

_ the supply valve plug 45 is just closed and the exhaust 
valve plug 43 is open somewhat so as to permit some 
exhaust. FIG. 4c illustrates an intermediate position 
wherein both the supply valve plug 45 and the exhaust 
valve plug 43 are open. FIG. 4d illustrates the exhaust 
valve plug 43 just closed and the supply valve plug 45 
open somewhat and FIG. 4e illustrates the position of 
maximum supply with the supply valve plug 45 fully 
open and the exhaust valve plug 43 closed. 
Another feature of this invention is the means for ad 

justing the effective length of the supply valve stem 52, 
so as to adjust the position of the valve plugs 43 and 45 
relative to one another and to their valve seats to ac 
commodate manufacturing tolerance considerations as 
well as to provide for adjustment of the valve plug posi 
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6 
tions thereby changing the operating gain of the relay 
30. The ?exures 48 and 50 are secured to the valve 
plugs 43 and 45 so as to retain same in a centered rela 
tionship with respect to the valve seats 44 and 46, 
respectively. In addition, the ?exures 48 and 50 serve 
as springs to bias the valve plugs vertically upward 
toward their operating positions. Another function is 
served by the flexure 50, namely, to provide an an 
tirotation means so as to hold the valve plug 45 and 
enable rotation of the valve stem 52 relative to the 
valve plug to which it is threadedly secured. By chang 
ing the effective length of the supply valve stem 52, that 
is, the distance between the valve plugs 43 and 45 and 
their relationship to the valve ports, a much more 
precise relay gain is permitted than would be economi~ 
cally possible if reliance were based on dimensional 
tolerances alone. The effective length of the valve stem 
52 can be changed such that both ports 44 and 46 may 
be open at a steady-state condition, both ports may be 
closed at a steady—state condition, or that some travel 
of the exhaust valve stem 54 relative to the relay hous~ 
ing 32 is necessary to open either valve port. Thereby 
adjustment of the relay gain is made. In‘the application 
shown, the valve stem 52 is adjusted such that both 
ports are open at a steady-state condition. The resulting 
continuous bleed determines the sensitivity of the relay 
30 for small variations about the steadyéstate condition. 
There has been provided by the: present invention an 

improved adjustable gain‘pneumatic pilot relay which 
produces improved performance in a system as shown, 
for example, in FIG. 1 of the application. Incorporated 
within the improved pneumatic relay or power ampli? 
er are a pair of valve plugs which are ?exure mounted 
so as to maintain the alignment of the valve plugs with 
their respective valve seats and to‘ hold the valve plugs 
in their operating positions. The supply valve stem is 
adjustably connected to the supply valve plug so as to 
enable adjustment of the effective length of the supply 
valve stem and, therefore, the distance between the two 
valve plugs. A simpli?ed arrangement is thereby pro- ‘ 
vided for adjusting the valve plugs with respect to one 
another so that both the supply port and exhaust port 
may be open at a steady-state condition, or that both 
the exhaust port and the supply port may be closed at a 
steady-state condition, or that some travel of the ex 
haust valve stem relative to the relay housing is neces 
sary to open either valve port. Thereby adjustment of 
the relay gain is made. 
While a presently preferred embodiment of the in 

vention has been shown and described, it is apparent 
that various changes and modi?cations may be made 
therein without departing from the invention. There 
fore, it is intended in the appended claims to cover all 
such changes and modi?cations as fall within the true 
spirit and scope of the invention. 
We claim: 
1. A pilot relay comprising a housing having a cavity 

therein, means de?ning a pair of valve ‘seats, means 
de?ning a supply inlet into said cavity and adapted to 
communicate with a source of supply ?uid pressure, 
means de?ning an exhaust outlet from said cavity and 
adapted to be vented to the atmosphere, means de?n 
ing an outlet passage from said cavity, means de?ning a 
signal passage from said cavity, said valve seats being 
aligned with one another, the ?rst valve seat being 
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disposed between the supply inlet and the outlet 
passage, the second valve seat being disposed between 
the outlet passage and the exhaust outlet, ?rst and 
second valve means disposed in the cavity for selective 
ly opening and closing the valve seats, ?exures support 
ing the ?rst and second valve means and centering 
them with respect to the valve seats, pressure respon 
sive means operatively connected to the second valve 
means, each valve means comprising a valve plug and a 
stem, the ?rst stem abutting the second stem, the 
second valve plug being slidable on the second stem, 
the ?rst stem being adjustably secured to the ?rst valve 
plug to permit adjustment of the ?rst valve plug relative 
to the second valve plug, whereby the valve plugs are 
movable axially relative to one another and each valve 
plug can continue to open further after the other valve 
plug is seated. 

2. A pilot relay as in claim 1, wherein said ?rst valve 
means ?exure non-rotatably supports the first valve 
plug and the ?rst stem is threadedly supported in the 
first valve plug such that rotation of ?rst stem relative 
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8 
to the ?rst valve plug will change the effective length of 
?rst stem between the ?rst valve plug and the second 
valve plug. 

3. A pilot relay as in claim 1, wherein a seat ring as 
sembly is disposed in said cavity, the valve seats being 
on the seat ring assembly. 

4. A pilot relay as in claim 1, wherein the ?rst valve 
means ?exure and the second valve means ?exure 
function to retain the ?rst valve means and second 
valve means in their operating positions. 

5. A pilot relay as in claim 4, wherein the flexures 
each comprise a ?at disc-like member having an outer 
peripheral portion and a central portion connected to 
the peripheral portion by spaced intermediate sup~ 
ports, the central portion having an opening for receiv 
ing a valve means therein. 

6. A pilot relay as in claim 5, wherein a ?rst valve 
means ?exure is secured to the central portion of said 
?rst valve plug and a second valve means ?exure is 
secured to the central portion of the second valve plug. 

* it * Ill 10! 


