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United States Patent Office 3,326,228 
Patented June 20, 1967 

1. 

3,326,228 
PNEUMATC RELAY 

James W. Phillips, South Bend, Ind., assignor to Robert 
shaw Controls Company, Richmond, Va., a corporation 
of Delaware 

Fied Mar. 6, 1963, Ser. No. 263,345 
2 Claims. (CI, 137-86) 

This invention relates to pneumatic relays and more par 
ticularly to pneumatic relays including a pilot chamber. 

It is an object of this invention to provide a pneumatic 
relay having a variable bleed pilot chamber whereby the 
amplification ratio of the relay may be selectively varied. 

Still another object of this invention is to provide a 
pneumatic relay having a variable bleed pilot chamber 
including a novel variable bleed means. 
These and other objects of this invention will become 

more fully apparent with reference to the following speci 
fication and drawings which relate to a preferred embodi 
ment of the invention. 

In the drawings: 
FIGURE 1 is a perspective of a pneumatic relay em 

bodying the present invention; 
FIGURE 2 is a schematic cross-section of the relay of 

FIGURE 1; and 
FIGURE 3 is an enlarged detail of FIGURE 2, 
Referring in detail to the drawings and more particu 

larly to FIGURES 1 and 2, the relay 10 of the present 
invention is shown as including an outer casing 12 com 
prising a base plate 14, a top end cap 16, and a plurality 
of pressure plates 18, 20, 22 and 24 stacked intermediate 
the base plate 14 and end cap 16. 
A plurality of flexible diaphragms 26, 28, 30 and 32 

are positioned to separate the base plate 14 and the pres 
sure plates 18, 20, 22 and 24, respectively, while the top 
end cap 16 is separated from the upper pressure plate 24 
by means of a gasket 34. 
The centers of the diaphragms 26, 28, 30 and 32 are 

affixed to a common spindle 36 which is constructed of a 
stacked plurality of interconnected pressure discs 38, 40 
and 42 which maintain the proper separation, respectively, 
between the diaphragms 26, 28, 30 and 32. The pressure 
discs 38, 40 and 42 are selectively proportioned with 
respect to the pressure plates 18, 20 and 22, respectively, 
whereby preselected effective areas are provided on the 
diaphragms 26, 28, 30 and 32 against which various pres 
sures may be exerted. 
The upper tip of the spindle 36 comprises a threaded 

shank 44 extending upward from the upper pressure disc 
42 through the upper diaphragm 32, a spring hold-down 
means 46 concentric therewith and a nut 48 on said shank 
44 securing said hold-down means 46 to the spindle 36 
against the upper diaphragm 32. 
A bi-directional bowed bias spring 50 is connected be 

tween the spring hold-down means 46 on the spindle 36, 
at the lower extremity thereof, and a retaining means 52 
on the lower tip of a threaded, bias adjustment, set-bolt 
54 which is threadably secured through the upper dome. 
portion 56 of the top end cap 16. A lock nut structure 58 is 
provided for the set-bolt 54 externally of the end cap 16. 
The lower tip of the spindle 36 comprises an integral 

exhaust valve seat 60 which is threaded into the lower 
pressure disc 38 and serves to secure the center of the 
lower diaphragm 26 thereto. The exhaust valve seat 60 
contains an exhaust bore 62 which extends therethrough 
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2 
and interconnects with radial bores 64 in the lower pres 
sure disc 38. 
The exhaust valve seat 60 is adapted to seat on the 

upper valve head 66 of a double acting relay poppet 68. 
The poppet 68 includes a lower head portion 70 adapted 
to be seated upwardly against a fixed valve seat 72 within 
a supply pressure chamber 74 in the base plate 14. The 
supply pressure chamber 74 is fed via an inlet coupling 
76 in the base plate 14. 
The relay poppet 68 is biased toward the fixed seat 72 

by means of a bowed bias spring 78 abutting an integral 
extension 80 on the poppet 68 and seated on an internal 
shoulder 82 within the supply chamber 74. 
The lower diaphragm or first diaphragm 26 cooperates 

with the upper web 84 of the base plate 14, containing 
the fixed valve seat 72, to define a branch pressure cham 
ber 86. 
The first diaphragm 26 cooperates with the first pressure 

plate 18, first pressure disc .38, and the next or second 
diaphragm 28 to define an exhaust chamber 88. The ex 
haust chamber 88 is interconnected with the branch pres 
sure chamber 86 via the radial ports 64 in the first pres 
sure disc 38 and the exhaust bore 62 in the exhaust valve 
seat 60. The exhaust chamber 88 is connected to atmos 
phere via an exhaust port 90 in the first pressure plate 18. 
The second diaphragm 28 cooperates with the second 

pressure plate 20, second pressure disc 40 and third dia 
phragm 30 to define a pilot pressure chamber 92. The 
pilot chamber 92 is interconnected with the branch pres 
sure chamber 86 via a pressure transfer port 94 having 
an intermediate restriction 96 therein. The pilot chamber 
92 is also connected with atmosphere via a variable bleed 
means 98, which will be hereinafter more fully described, 
in the second pressure plate 20. 
The third diaphragm 30 cooperates with the third pres 

sure plate 22, third pressure disc 42 and fourth diaphragm 
32 to define a stepping chamber 100 which is connected 
to atmosphere via an exhaust port 102 in the third pres 
sure plate 22. 
The fourth diaphragm 32 cooperates with the fourth 

pressure plate, gasket 34 and upper end cap 16 to define 
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a signal pressure 'chamber 104 which may be connected 
in any conventional manner, not shown, to a source of 
variable signal or input pressure. 

Referring jointly to FIGURES 2 and 3, the variable 
bleed means 98 is shown as comprising a threaded main 
bore 106 in the second pressure plate 28 extending in 
wardly from the outer edge thereof to a stepped-down 
smooth-bore inner restrictor chamber 108, the inner 
chamber 108 being connected with the pilot chamber 
92 via an offset bore 110 in the inner end wall 112 of 
the chamber 108. 
An externally threaded restrictor" plug 114 is thread 

ably inserted in the main threaded bore 106 wherein it 
is adjustably positioned via an Allen socket 116 (sche 
matically shown) or the like. The restrictor plug 114 is 
provided with an axial bore 118 which is offset from the 
offset bore 110 in the inner restrictor chamber 108. 
The variable bleed means 98 is completed by the in 

sertion of a resilient, compressible, porous flow impeding 
mass 120 in the restrictor chamber 108, which is com 
pressed to a selected degree between the inner end of the 
restrictor plug 114 and the end wall 112 of the said re 
strictor chamber 108. 
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Operation 
Referring to FIGURE 2, the signal pressure in the 

signal chamber 104 acts on the fourth diaphragm 32 to 
create a downward force on the spindle 36. 
The pilot pressure in the pilot chamber 92 acts on the 

third diaphragm 30 to create an upward force on the 
spindle 36 and on the second diaphragm 28 to create a 
downward force on the spindle 36. The magnitude of 
these forces depends on the bleed rate of the variable 
bleed means 98 as will be hereinafter more fully described. 
The resultant of the above-defined forces causes the 

spindle 36 to move the integral exhaust valve seat 60 ei 
their against or away from the upper head 66 of the relay 
poppet 68 such that the branch pressure in the branch 
pressure chamber 86 is either admitted from the supply 
chamber 74 or exhausted therefrom via the exhaust cham 
ber 92, respectively. Thus, equilibrium will be established 
such that, in the condition of balance of the relay 10, the 
upper head 66 of the relay poppet 68 will be seated on 
the exhaust valve seat 60 and the lower head 70 of the 
said relay poppet 68 will be seated on the fixed valve seat 
72 in the supply chamber 74. 
The variable bleed means 98 is controlled by turning 

the threaded restrictor plug 114 to vary the compression 
exerted thereby on the porous flow impeding mass 120, 
whereby the porosity of the said mass is varied to corre 
spondingly vary the impedance or resistance to the flow 
of pressure fluid from the pilot chamber 92 to atmosphere 
via the offset bore 110, restrictor chamber 108 and the 
axial restrictor bore 118 in the said plug 114. By vary 
ing the bleed rate of the bleed means 98, the amplifica 
tion ratio or gain of the relay 10, may be selectively in 
creased from a nominal minimum to a predetermined 
maximum determined by the relative effective areas of 
the four diaphragms 26, 28, 30 and 32. 
The following equations set forth the various relation 

ships which effect the variable gain adjustment. 
(1) Ps= signal pressure 
(2) Pps pilot pressure 
(3) PBEbranch pressure 
(4) X=variable bleed factor where 0-2X21 and where 

X=1 for no bleed and X=0 for maximum 
unimpeded flow through the variable bleed 
means 98 

(5) A1=effective area of the fourth diaphragm 32 
(6) A2s effective area of the third diaphragm 30 
(7) A3=effective area of the second diaphragm 28 
(8) A4= effective area of the first diaphragm 26 

Since the force exerted by a given pressure on the spin 
dle 36 via a given diaphragm is equal to the product of 
the pressure and the effective area of that diaphragm, 
the force equation of the relay 10, at balance, is as, foll 
lows: 

(9) Ps41--PPA3-PPA2=PBA 
Since the pilot chamber 92 is interconnected with the 

branch pressure chamber 86, the pilot pressure P is pro 
portionally related to the branch pressure PB as a func 
tion of the bleed rate of the bleed means 98, as follows: 
(10) Pe=XPB 

Substituting Equation 10 into Equation 9, one obtains 
the following expression for the relay gain: 
(11) P "-- 4 - --- 

Ps TX (Al-As) --A4 
Thus, when X=0 (maximum bleed), and in the em 

bodiment shown Ad A2, the gain of the relay 10 is a 
minimum and the gain of the relay is directly propor 
tional to the bleed factor X. Thus, by increasing the bleed 
factor X, the gain may be proportionately increased, until 
X=1 is reached, at which point the gain will have been 
adjusted to a maximum of a function of this bleed vari 
able. 

gain 
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In geometrics in which Ad Aa, the gain of the relay 

will be inversely proportional to the bleed factor X as 
may be readily seen from Equation 11. 
The set point, or zero point, of operation of the relay 

10 is selectively varied via the bow spring 50. Since the 
bow spring 50 superimposes an effect on the force Equa 
tions 9 and 11 as set forth above, the variable bleed means 
provides for re-setting the relay gain to the proper value 
for each set point adjustment whereby linear, predictable 
operation over a wide selection of proportional bands is 
provided. 
As can be seen from the foregoing specification and 

drawings, this invention provides a novel variable gain 
adjustment for pneumatic relays in the form of a novel 
variable bleed means combined with a feedback or pilot 
chamber in the relay. 

It is to be understood that the embodiment of the in 
vention shown and described herein is for the purpose 
of example only and is not intended to limit the scope 
of the appended claims. 
What is claimed is: 
1. In a pneumatic relay including a signal pressure 

chamber, a branch pressure chamber and a pilot chamber 
interconnected with said branch pressure chamber and 
means for varying the pressure in said branch pressure 
chamber in reseponse to and as a function of varying pres 
sures in said signal pressure chamber, said pilot cham 
ber being in communication with said branch pressure 
chamber, said chambers being defined by a plurality of 
diaphragms, said means for varying the pressure in said 
branch pressure chamber including a relay spindle com 
monly connected with said diaphragms, the various dia 
phragms being constructed and arranged such that a 
change in pressure in the signal chamber effects a force 
on the defining diaphragm means of the latter in a direc 
tion to cause the means for varying the pressure in said 
branch pressure chamber to effect a corresponding change 
in the branch pressure, a change of pressure in said pilot 
chamber effects a force on the defining diaphragm means 
of the latter in a direction to cause the means for vary 
ing the branch pressure to effect a corresponding change 
in the said branch pressure and a change of pressure in 
said branch pressure chamber effects a force on the said 
defining diaphragm means of the latter in a direction to 
cause the means for varying the branch pressure to op 
pose the said change in branch pressure, means for se 
lectively varying the gain of said relay comprising a vari 
'able bleed means interconnecting said pilot chamber 
with the atmosphere, wherein said pilot chamber in 
cludes a defining side wall, and wherein said variable 
bleed means comprises a threaded bore in said wall open 
at one end to the atmosphere, a chamber at the other 
end of said threaded bore, a threaded plug threadably re 
ceived in said bore, a compressible resilient, porous mass 
in said chamber compressibly engageable with said plug, 
an axially disposed bore in said plug interconnecting said 
chamber with the atmosphere and a pressure port, off 
set from said axially disposed bore, interconnecting said 
chamber with said pilot chamber. 

2. A pneumatic relay comprising a supply chamber, a 
branch pressure chamber, a modulating relay valve in 
terconnecting said supply chamber with said branch pres 
sure chamber and said branch pressure chamber with the 
atmosphere, a signal chamber, first opposed diaphragm 
means respectively defining a wall portion of said signal 
chamber and a wall portion of said branch pressure cham 
ber, a common relay spindle interconnecting said dia 
phragm means and arranged to control said relay valve in 
response to the resultant movement of said spindle effected 
by said diaphragm means, a pilot chamber including sec 
ond opposed diaphragm means of respectively different 
effective areas interconnected by said spindle and dis 
posed, respectively, adjacent said first opposed diaphragm 
means, pressure transfer means interconnecting said pilot 
chamber and said branch pressure chamber and variable 
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bleed means interconnecting said pilot chamber with the 
atmosphere; wherein said pilot chamber includes a de 
fining side wall, and wherein said variable bleed means 
comprises a threaded bore in said wall open at one end 
to the atmosphere, a chamber at the other end of said 
threaded bore, a threaded plug threadably received in said 
bore, a compressible resilient, porous mass in said cham 
ber compressibly engageable with said plug, an axially 
disposed bore in said plug interconnecting said chamber 
with the atmosphere and a pressure port, off-set from 
said axially disposed bore, interconecting said chamber 
with said pilot chamber. 
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