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UNITED STATES PATENT office 
PREssURE RESPONSIVE RATIo RELAY 

Robert R. Donaldson, Pittsburgh, Pa., assignor 
to John M. Hopwood, Mount Eebanon, Pa. 
Application June 10, 1940, serial No. 339,692 

(C. 13-53) 5 Claims. 

This invention relates to relay devices and more 
particularly to ratio relays adapted to respond to 
an actuating force or impulse and to send out 
another force or impulse that bears a definite 
predetermined relationship to the actuating force. 
The device embodying the invention herein ill 

lustrated and described is of the type shown in 
United States Patent Number 2,016,824 granted 
to G. W. Smith on October 8, 1935, and adapted 
to perform the same functions and to be used 
for the same purposes as the ratio relay of said 
patent. 
An object of this invention is to provide a ratio 

relay that shall represent a distinct improvement 
over the relay device of Patent 2,016,824 in the 
construction and arrangement of parts and par 
ticularly in the form and construction of the 
force or impulse-responsive element and the send 
ing valve mechanism. 
Another object of the invention is to provide 

an improved nonsticking valve mechanism that 
shall be more positive and sensitive in its per 
formance. 

: A further object of the invention is to provide 
a means for eliminating vibration of the valve 
assembly and force-responsive actuating ele 
ment. - 

The above and other objects of the invention 
will be apparent to those skilled in this art from 
the following description taken in conjunction 
with the accompanying drawings in which: 

Figure 1 is a view in section taken on line I-I 
of Fig. 2 of the ratio relay device embodying the 
improvements Constituting the invention; 

Fig. 2 is a top plan view of the device; 
Fig. 3 is a bottom view of the device; and 
Figs. 4, 5, and 6 are views in section taken on 

line IV-V, V-V, and WI-VI of Fig. 1, showing 
details of construction in their assembled rela 
tionship. 
Throughout the drawings and the specification 

like reference characters indicate like parts. 
The operation and general arrangement of the 

device shown in the drawings for the purpose of 
illustrating the principles of my improved ratio 
relay or ratioing device, will first be described 
with reference to Fig. 1, followed by a detailed 
description of the construction, arrangement, and 
assembly of the various parts or elements of the 
device. " . . . . 

The relay device comprises in general a body 
having at its opposite ends chambers 2 and 3 
formed in the under side thereof. These cham 
bers are closed by means of diaphragms 4 and 5 
which, as will be described hereinafter, are 

5 

O 

20 

clamped to the under side of the body in pres 
Sure-tight relationship so that these chambers 
are pressure tight. 
Chamber 2 may be designated a receiving 

chamber, that is it responds to pressures intro 
duced into it from a pipes; and chamber 3 may 
be considered as a sending chamber, that is a 
pressure medium from an independent supply 
pipe is introduced into this chamber under the 
control of a valve and is sent out from the 
chamber to a sending line 9 serving regulators 
or other devices (not shown but see Patent 
2,016,824) to be actuated by and in accordance . 
with this sending line pressure. 
A beam fo is supported at its opposite ends 

from the diaphragms 4 and 5 respectively, the 
ends thereof being rigidly secured to the dia 
phragms at their centeral portions. Compres 
sion springs and 2 are disposed at the ends 
of the beam and are mounted to exert upward 
forces on the beam, as seen in Fig. 1, in opposition 
to the forces produced by the pressure media 
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chambers 2 and 3 and acting on respective dia 
phragms 4 and 5. 
A fulcrum 3 is adjustably supported above 

beam O and serves as a point about which the 
beam may tilt or rock. 

Springs i? and 2 may be of such size and 
stiffness and the compression thereof so adjusted 
that they will exert an upward force at each 
end of the beam of any predetermined value, 
say ninety pounds, or sixty pounds, or any other 
value desired or that may be required by the 
range of pressures received from pipe 6 and to be 
sent or transmitted through pipe 9. The specific 
values mentioned above are merely suggestive, as 
the value of the forces exerted by springs and 
2 may be expressed in general terms A (spring 
f) and B (spring 2). . . . . . 
The forces exerted by diaphragms 4 and 5 as 

the result of the pressure existing in chambers 2 
and 3 respectively will of course be proportional 
to the pressure expressed in lb./sq. in. multiplied 
by the area of the diaphragms. For convenience, 
the force exerted by the pressure in chamber 2 
on diaphragm 4 and the force exerted on dia 
phragm 5 by the pressure in chamber 3, may be 
given the general values at and y respectively. 
Therefore the resultant forces Ri and R2 acting 
on the ends of beam O may be expressed as fol 
lows: R1=(A-3) and Raac (B-y). So long as 
forces A and B are greater than forces at and y, 
these resultant forces R1 and R2 will act in the 

5 s designate them. direction of the arrows employed in Fig.1 to 



2 
Since the resultant force Ri tends to turn beam 

O clockwise, and resultant force Ra tends to turn 
it counter-clockwise, beam 0 will be in balance 
only when the moments of these forces are equal. 
The turning moments are in balance when 
R1L1=Ra-La. But RL1= (A-ac) L1 and R2L2= 
(B-y) L2; therefore (A-ac) =L2/L1(B-zy) = 
k(B-y), c being the value of L2/L1. When L. 
equals La, k=1, therefore the relay beam is in 
balance/when (A-ac) = (B-V). 
ASS ated above, the value of ac is determined by 

the pressure per unit area received by chamber 
and the area of diaphragm 4, and the value of gy 
is determined by the pressure per unit of area, 
(aS lb./sq. in.) sent out from chamber 3 and the 
area of diaphragm 5. Therefore, the value of 
pressure sent out and the value of gy will be de 
termined by the values of A, B, ac, and the value 
of k. If the areas of diaphragms 4 and 5 ex 
pOSed to the received and sending pressures are 
unity, say one sq. in., the values of at and y will be 
the same as the received and sending pressures. 

If it be assumed that the areas of diaphragms 
4 and 5 are equal to one sq. in. and that forces 
ofsprings and 2 are equal, in which case forces 
A and B are equal, and that k=1, and if it be 
assumed that A and B are, for purposes of ex 
planation, adjusted to ninety lb. each then the 
relay will operate to maintain the relation 
(A-ac) = (B-y) as shown by Table I in which 
values of ac, (A-3c), R1, 2), (B-V) and Ra are 
given. 

Table I 

Walue of . (A-2) a 

From the above it will be seen that as the 
received pressures or forces ac increase from zero 
to ninety the sending pressure for forces y in 
crease from Zero to ninety in the same incre 
ments and are equal to the values of at at all 
points, and that the resultant forces Ri and R2 
are equal and decrease by the same amounts 
from ninety lb. to zero. Thus the resultant forces 
R1 and R2 will decrease from values ranging from 
the maximum value of forces A and B depend 
ing on the spring tension for which springs 
and 2 are set, down to zero provided the forces 
ac and y respectively are increased from zero to 
a value equal to the forces of the springs, namely 
forces A and B. Thus it follows that a change 
in the value of R1 unbalances the beam so that 
the valve 8 will be operated to establish a pres 
sure in chamber 3 that will restore R2 to a value 
that balances the beam against the resultant 
force R1. Likewise if there is a change in pres 
sure in chamber 3 without a corresponding 
change in chamber 2, diaphragm 5 will act to 
SO Operate valve 8 that the pressure in chamber 
3 will be maintained constant at the value re 
quired by the pressure existing in chamber 2 and 
acting on diaphragm 4. 
The above-described operation of the relay 

is the same when the value of ac is decreased 
from a higher to a lower value, because valve 8 
will be operated to lower the pressure in cham 
ber 4 until the value of y equals the value of a. 

2,304,788 
If the same values of A and B are assumed as 

in the above table of values, but the value of k . . 
is changed by changing the ratio of La/L1, the 
relay will operate to maintain a definite relation 
between the values of ac and y and the equation 
(A-ac) =k(B-y) will be satisfied. The values 
given in Table II below are obtained where k has 
been given a value of A for convenience in 
dividing the expression (B-y). 

Table II 

5 

10 

Walue of a (A-2) at Value of y k(B-y) as R. 

0------------------ (90-0)/2.45 
10----------------- (90-0)/2=40 
20 -- (90-3072:30 

... (90-50)/2s20 

... (90-0)/2a10 
--- (90-90).2 as 0 

- 

By Selecting a value of k=L2/L1=% the re 20 

ninety and the sending pressures will vary from 
Zero to ninety but the values of R1 and Ra are 
always equal and vary from forty-five to zero, 
thereby satisfying the equation (A-ac) =k(B-y). 

If k or L2/L1=2 the following Table III of 
values show what the relation of the received 
pressures to the sending pressures will be. 

25. 

Table II 
30 

Walue of (A-r) = R. Value of y (B-) mes 

(90-0) s90 45----------------- 2(90-45) -90 
(90-10) ar80 50----------------- 2(90-50) 80 

- (90-20) 70 55- 2 (90-55) 70 
(90-30) for 60 2(90-60) sto 

... (90-40) is 50 65. 2(90-65) as 50 
- (00-50) ex40 70 2(90-70) 40 
- (90-60) s3075- 2(90-75) 30 

(90-70) m2080. 2090-80). 20 
(90-80) a085. 2(90-85) 10 

The above table of values show the relation of 
preSSures received to pressures sent where the 
value of k is equal to one, is less than one, and 
greater than one. 
The relation of the pressures received, that is 

pressures ac, to the pressures sent, that is pres 
sures y, may be varied from the equal and cor 
responding values shown in Table. I where k is 
equal to one, by adjusting either spring or 
Spring 2 to a higher degree of tension than the 
other. Thus if spring 2 is adjusted to provide 
a value of B equal to say one hundred ten lb., the 
values of ac, (A-ac), R1, y, (B-y), and Ra will 
be as shown in Table IV below. 

45 

50 

55 

ceived pressures will vary from forty-five to 

Table IV 

value of y (B-y) R, 

20----- (110-20) -90 
30--- (10-30) 80 
40--- (110-40) 70 
50--- - (10-50) 60. 
60--- 8 10-60) 50 
80--- (10-80) a 30 
00 -- (10-100) 10 

equals Zero y equals twenty, that R1 and Ra both 
equal ninety and that the values of a range from 
Zero to ninety and the values of a range from 
twenty to one hundred ten. For all values, how 
ever, R1 and R2 are equal and vary from ninety 
down to zero. . . 

If A is made equal to one hundred ten, for ex 
ample, and B is made equal to ninety, the values 
of a will range from twenty to one hundred ten 5 

(110-110) a 0. 

From the above values it is seen that when a. 
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and the corresponding values of w will range 
from zero to ninety . . . . . . . 

If A is made equal to nine B equal to 
one hundred, ten andkor. L2/L is made equal 
to a the values of a will range from thirty-five 
to ninety, the values of y will range from zero to 
one hundred ten and the values of R1 and R2 will be equal...but range from fifty-five to zero. 

If the same values of A and B are assumed as . 
in the preceding tables, but the values of k is 
changed by changing the ratio of La/L1, the re 
lay will operate to maintain a definite relation 
between values at and y and the equation 
(Aa) sk(B-y) will be satisfied as shown by 
Table V. In connection with Table V, k is given 
the value 4, for convenience of computation. 

() 

20 
... Walue, of y', k(B-)s R. 

0----- - (90- 0.12ss45 
- (90-50) as 40.10- ... (90-10)/2a40 

60 90-80).s3020- (90–30)1230 
70 (90-70).2030. 90-50)12s20 
80 ... (90-80) 1040: (90-70)12s-10 
90. ... (90-90) is 0.50. ... (90-90)/2=0 

With a value of k or La/L1 equal to 4, the re 
ceived pressures or forces a will vary from forty 
five to ninety lb. and the sending pressures will 
vary from zero to ninety, that is they forces will 
vary from zero to ninety, but the values R1 and 
Ra will be always equal. . . . . . . . 
If the value of k or the ratio L2/L1 is made 

equal to two, the following Table VI of values 
show what the relation of received and sending 
pressures will be: 

* value of: ;- - K(B-y) sea 

2(90-45) so 
2(90-50) is 80 
388, 2090-80) sf.0 
2(90-75) in 30 
2(90-85) is 10 

If k is made equal to two then the values of ac 
will range from zero to ninety, but the values 
of gy will range from sixty-five to one hundred 

' ten, but the values of R1 and R2 will be equal 
and vary from ninety to zero. 

It will be apparent that the values A and B 
may be adjusted as desired over, a wide range 
and that for all values of A and B (both being 
greater than zero); the relative values may be 
changed by making ki equal to one, or greater, or 
less than one, and that the values A or B may be 
made equal or unequal, and that a value of k: 
may be chosen which is equal to, greater than, 
or less than. One. . . . . . . . . . . . . 

Description of elements of the relay 
Body. of the relay is substantially rectangu 

lar in transverse section and is preferably cast in 
one piece. In casing the body, cores are employed 
to form a hollow pressure-tight volume chamber 
15 having communication with diaphragm cham 
ber 3 through which, a passageway 6, which is 
drilled from chamber 3 on an angle as shown. 
This chamber acts as a damping device to pre 
vent vibration of valve 8 and diaphragm 5. The 
valve and diaphragm shown are sensitive and 
are subject to sustained vibrations of different 
frequencies and amplitudes depending on such 
factors as stiffness of springs and 12, and 
diaphragm 5, the area of the inlet and exhaust 

60 

25 

in practice to contribute more to vibration tha. 
others, but whatever the specific cause maybe...I 

sending line 9. 
ports of valve 8, and th lengt) and volume of 
No single, one of these ... 

vibration than 
have found that a volume chamber placed close 
to diaphragm chamber 3, will eliminate these sus. 
tained vibrations. The pressure in chamber 5, 
of course, varies with the sending pressures, pro 
ducing forces ac and there is sufficient volume in 
chamber: 5 to exert a stabilizing effection dia 
phragms and its cooperating elements. . . . . . 
In casting body la core is also employed to 

form a substantially L-shaped hollow, space, T 
one leg of which is located below chamber 5 
and substantially parallel to beam lo; the other 
leg of this hollow portion, extends vertically to 
the top of body from a point adjacent to but 
above. diaphragm chamber 2. This hollow por 
tion accommodates a screw 8 one end of which 
is journaled in the end of the body in which 
valve chamber 3 is formed and the other end ex 
tends through a bushing 9 in the opposite end 
of the body. and has affixed thereto a handwheel 
20 for turning the screw. Bushing 9 is threaded 
to receive a clamping. nut 2 whereby the relay 
device may be: supported from a panel board 22, 
as shown. A. collar 23. is fitted on the shaft of 
screw. 8 and placed against the inner end of 

30 bushing 9 and fastened to the shaft with a pin 
24, whereby longitudinal movement of shaft 8 
is prevented. . . . . . . . . . . . . . . . . . . ... ', i. 
A carriage 25 has threaded engagement with 

screw 8 and supports fulcrum 3. ...Fulcrum 3. 
35 is preferably circular or wheel-like inform and 

is mounted on a pin or shaft 26, which extends 
transversely through the carriage. The bottom 
face of body is provided with a window or slot 

40 
27 along, which the carriage slides. As may be 
seen more clearly in Figs. 3 and 5, the carriage 
is formed with flanges 28that extend under and 
across body and serve to guide the carriage and 
to maintain roller fulcrum 3 in its proper posi 
tion with respect to the upper face of beam O. 
In order that the ratio of La/L1 or the value of 

k may be made visible on a gauge or indicating 
device, a chain 29 having one end hooked to the 
carriage, (as shown in Figs. 1, 2 and 3) its mid 
dle portion running under a pulley 30 secured to 
the receiving end of the relay and having its other 
end connected to the indicating device 3. Thus 
as carriage 25 and its fulcrum 3 are moved along 
screw 8 as the screw is turned, the indicator 
would show whether the fulcrum was at the mid 

5 5 

75 

point of beam to or to the left or the right of this 
point and the position of the fulcrum can be ex 
pressed in terms of L2/L1 or k on the indicator. 
“Chamber 2 is formed by machining a recess in 

to the bottom of body to the required: depth. 
The side of the body is drilled and tapped so that 
receiving pipe 6 may be fitted to the body and 
have communication with the interior of cham 
ber 2. . . . . . . . . . . . . . . . . . . . 
At the other end of body, recess3 is formed 

by machining or otherwise to the required depth." 
In vertical alignment with the center of cham 
ber 3, a hole 32 is drilled and tapped that extends 
from the top of extension 33 of body down 
wardly into chamber 3. Valve assembly 8 is 
threaded into this hole to the distance required 
in order to have the proper operation of the 
valve, and locked in place by means of a lock nut 
As stated previously herein, diaphragms 4 and 

5 are secured rigidly to beam O. . . . . . . . . . . 

  

  



4. 
Diaphragm 4 comprises preferably a circular, 

flexible, disc-like element which is shaped as 
shown by the transverse section in Figs. 1 and 4. 
The central portion of this diaphragm is aper 
tured to receive a bolt, the head of which bears 
On the top side of the diaphragm. The shank of 
the bolt extends through a bushing 3 disposed 
on the under side of the diaphragm but which 
rests on the top side of a flat end portion 3 of 
beam O, and thence through the beam. The 
bolt is provided with a lock washer 38 positioned 
on the under side of the end portion 3 and a nut 
39 which is drawn up tightly to insure that a 
pressure-tight joint is established at the point 
where the bolt passes through the diaphragm 
and also to lock the diaphragm tightly and se 
curely to the beam. 
The Outer edge of diaphragm 4 is clamped 

tightly to body f around the edge of diaphragm 
chamber 2 by means of a clamping ring 40 which 
is substantially rectangular in shape at its outer 
perifery and which is provided with a substan 
tially circular opening to receive the active por 
tion of diaphragm 4, that is the portion to which 
the pressure in chamber 2 is exposed. Ring 40 
is secured to relay body by means of cap screws 
42. Clamping ring or flange 40 is formed as an 
integral part of a substantially U-shaped yoke 
43 which depends or extends downwardly there 
from and which serves as a cradle or support for 
spring . The lower end of this yoke is drilled 
and tapped to accommodate an adjusting screw 
44 whose upper end has a journaled connection 

5 
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may be adjusted to any degree of tension to 

produce the desired value of force B. - 
In the construction of the relay it is preferred 

to make diaphragms 4 and S of the same size, yokes and 4 with their respective flanges 
and of the same size and shape so that these 
parts of the relay device may be interchangeable 

10 

30 

and thereby make manufacture, assembly, re. 
pairs and replacements more convenient and less 
expensive. - - - 

Bolt 4 forms a part of valve mechanism . 
As shown in Fig. 6 the bolt is provided with a 
central bore or passage 57 through the body 
thereof which terminates in a tapered valveport 

in the head of the bolt. When the valve port 
is uncovered, pressure medium escapes from 

chamber through passage 7 to the atmosphere. 
The pressure medium supplied to chamber 
flows into sending pipe through a ports which 
is drilled through one side of extensions of 
the relaybody into valve bore 2. 
Walve assembly 8 includes a valve body pro 

vided with a central bore 62 extending from one 
end to the other of the body. At the upper end 
of bore 2 a port 3 is formed having a tapered 
seat 4 that co-operates with a valve element Bs. 
adapted to close or open this port. The valve 
element is carried at the upper end of a valve 
stem 6 that extends through the bore of the 
body into chamber 3 with its lower end nesting 
in the exhaust port 58. The valve stem is urged 
downwardly by means of a spring 67, the upper 
end of which rests against the lower end of valve with a spring cap 45 on which the lower end of 

Spring is supported. The upper end of spring 
lf encloses bolt 35 and bears against the flat end 
portion 37 of beam O. By turning adjustment 
screw 44 upwardly through the lower end of yoke 
43 any desired degree of compression may be im 
posed on spring if in order to obtain the desired 
or required value of force A. 
Accurate operation of the relay device requires 

that beam fo be rigid and stiff so that it will not 
deflect as the result of the forces R1 and R2 act 
ing on the ends thereof. Beam O is therefore 
preferably made in one piece by casting of steel 
or other suitable material with T-shaped section 

40 

throughout the major portion of its length. Thus . 
the leg of the T forms a web 45 on the under 
side of the beam which gives stiffness and resist 
ance to bending and the upper portion 4 pros 
vides a wide, flat face or trackway for the roller 
fulcrum 3. 
Diaphragm 5 may be made of the same size 

and shape as diaphragm 4 and may be secured 
to the right-hand end of beam fo by means of a 
bolt 47, the head 48 of which bears on the top 
side of the diaphragm. The shank or body of 
bolt 47 passes through the central portion of 
the diaphragm, a bushing 49 disposed on the un 
der side of the diaphragm, and end portion 50 of 
the beam. The bolt is drawn up tightly to hold 
the diaphragm and bushing securely to the beam 
by means of a lock washer 5 and nut 52. Dia 
phragm 5 is clamped to body by means of a 
clamping flange or ring 53 of substantially the 
same shape and size as flange 40. A substantial 
ly U-shaped yoke 54 of the same form and con 
struction as yoke 43 is made as an integral part 
of flange 53 and serves as a support for spring 
f2. The upper end of spring 2 is disposed about 
bolt 47 and bears against the under side of beam 
0 and the lower end of this spring is supported 

on a spring cap 55 carried on the end of an ad 
justing screw 56. Screw 56 is threaded upwardly 
through the lower end of yoke 54 whereby spring 

5 5 
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body and the lower end of which is carried 
on a flanged collar mounted on the valve stem 
and supported on a shoulder 9 thereon. Lower 
end portion 70 of the valve stem is made larger 
than the upper portion so that it may be shaped 
and fitted to properly control exhaust ports. 
Spring 7 tends to urge valve stem B2 in a di 
rection to maintain the inlet port closed and the 
lower end 70 thereof in contact with the seat of 
exhaust port 58. 
From the description of the valve assembly, ex 

cluding. the part which diaphragm 5 and valve 
bolt 47 with the valve port 58 formed therein play 
in the assembly and the operation of the valve 
mechanism, it will be apparent that the valve is 
easily repaired because by disconnecting pipe T 
from the valve body, the valve body and valve 
stem 66 may be removed as a unit for inspection 
and repair. Also it will be apparent that the 
valve is a nonsticking type of valve and requires 
a very small travel in order to open fully or 
close fully its inlet and exhaust ports respec 
tively. Further, the complete valve may be in 
spected and repaired readily because the valve 
seat 58 is quickly accessible by merely discon 
necting yoke ring 54 from the relay body , the 
diaphragm 5 and the valve bolt 47 may be read 
ily inspected and repaired or replaced if nec 
essary. 
To adjust the device for operation it is pref 

erable to position fulcrum 3 at the mid-point 
of beam to so that the ratio of La to L1 is equal 
to one. Springs and 2 are then adjusted to 
produce the required forces A and B, say either 
sixty, seventy, eighty, or ninety pounds, at the 
ends of the beam. When making the spring ad 
justments there should be no pressure in cham 
ber 2, and valve body Bf should be turned up 
Wardly to a position where inlet port 63 is closed 
and the exhaust port is uncovered. When springs 

and f2 have been adjusted to the required ten 
sion so that values A and B are equal then valve 
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body 6 is turned downwardly gradually until 
the end of portion 70 of valve stem 66 seats on 
the exhaust port 58 and closes it. This point will 
be readily determined because if the valve body 
is turned too far into bore 32 valve stem 66 will 
be moved upwardly and the inlet port opened, 
allowing air or pressure medium to flow into 
chamber 3. A gauge could be connected to pipe 
9 and by means of this gauge the correct set 
ting of the valve body would be determined be 
cause if the gauge shows pressure in chamber 3 
the valve body should be backed out until the 
gauge shows Zero pressure. The valve body would 
then be locked in place with lock nut 7. 
The device is now ready for operation. By 

introducing pressures into the receiving chamber 
2 the resultant force R1 will be made less than 
force A whereby force B will cause beam O to 
turn Counter-clockwise and lift valve element 65 
off the inlet port and allow pressure medium to 
flow into chamber 3 until resultant force R2 is 
made equal to resultant force R1 whereupon beam 
to will assume a level or balanced position, in 
which position inlet and exhaust ports 63 and 
58 will be closed and there will be no further 
change in pressure in chamber 3. If the pressure 
is further increased in chamber 2 the above-de 
scribed operation will be repeated and a pressure 
will be built up in chamber 3 until the resultant 
force R2 is equal to resultant force R1. The op 
posite action takes place if the pressures received 
in chamber 2 are decreasing. If these pressures 
are decreasing then resultant force R will ex 
ceed resultant force R2 and beam O will tend to 
turn clockwise about fulcrum 3 whereby valve 
element 65 will be seated on and close the inlet 
port and the valve port 58 will be opened by its 
being moved away from the lower end of the 
valve stem portion 70, allowing pressure to escape 
through passage 57 to the atmosphere until re 
Sultant force R2 is increased to a value equal to 
resultant force Rt. 

Having thus described the invention, what I 
i as new and desire to Secure by Letters Pat 
es 

1. A relay for ratioing received and sending 
preSSures comprising a rigid relay body, a full 
crum, a lever positioned to rock on said fulcrum, 
yokes Secured to said body adjacent the ends 
of Said lever, a spring carried by each of said 
yokes and yieldingly engaging said lever, said 
Springs being in compression, one acting to turn 
the beam in One direction about said fulcrum 
and the other tending to turn the beam in the 
opposite direction, a pressure-receiving chamber 
in said body adjacent one end of said lever and 
having an inlet to which a pressure impulse line 
may be connected, a pressure-sensitive member 
secured at its edge portion to said body and ex 
tending across said chamber anti having its mid 
dile portion connected to the end of the beam 
adjacent thereto, the forces of pressure acting 
on the pressure-sensitive member of said re 
ceiving chamber opposing the force of the Spring 
acting on the end of the beam adjacent thereto, 
a sending pressure chamber formed in Said body 
adjacent the other end of said beam, a pressure 
sensitive member disposed across said chamber 
and secured at its edges to said body, the middle 
portion thereof being secured to the adjacent end 
of the beam, said sending pressure Sensitive men 
ber being with a member having an exhaust port 
for exhausting pressure medium from the send 
ing chamber, a valve body supported on the relay 
body and extending into said receiving cham 
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ber and provided with an inlet port to which a 75 

5 
Source of supply of sending pressure may be 
connected, a valve stem within said valve body 
and having one end disposed to seat in the ex 
haust port and having a portion disposed to close 
the inlet port, the valve stem closing both ports 
when the resultant forces exerted by Said Springs 
and pressure-sensitive members on said beam 
are in balance about the fulcrum, the Valve stern 
closing the exhaust port and being moved with it 
to open the valve when the resultant force act 
ing on the beam adjacent the receiving chamber 
exceeds that at the opposite end of the beam, 
and the valve stem moving to close the inlet port 
when the exhaust port moves away from the 
valve stem, and a volume chamber formed in said 
relay body and having communication with said 
sending chamber. 

2. A relay device comprising a rigid body, a 
beam having a fulcrum, springs supported from 
said body and connected to said beam, one on 
each side of the fulcrum and acting in opposition 
to each other, a pressure-responsive device asso 
ciated with one of said springs and connected 
to the beam so as to oppose the force exerted by 
such spring on the beam, and a pressure-Sending 
means associated with the other of Said Springs, 
comprising a chamber located between said rigid 
body, a pressure-sensitive member extending 
across said chamber and connected to the beam 
and adapted to exert a force thereon opposing 
the force of the spring associated therewith, Said 
pressure-sensitive member having an element 
carried thereby and provided with an exhaust 
valve port, a valve body associated with Said 
chamber and provided with an inlet port to 
which a source of supply of sending pressure 
may be connected, and a valve stem within said 
valve body and provided with means for closing 
the inlet port, said stem extending into said 
chamber and having its inner. end portion dis 
posed to seat in the exhaust port, and means 
yieldingly urging the valve stem in a direction 
to close the inlet port, the stem being moved by 
the pressure-sensitive member with the exhaust 
port closed when moving in a direction to open 
the inlet port, the sensitive member moving the 
exhaust port away from the valve stem to open 
the exhaust port after closing the inlet port, and 
an outlet from said chamber to which a sending 
line may be connected. 

3. A device according to claim 2 characterized 
by the fact that the rigid body is provided with 
a volume chamber, the interior of which is con 
nected to the interior of the chamber of the pres 
sure-sending means, said volume chamber acting 
to prevent vibration of the pressure-sending 
e.S. 
4. A device according to claim 2 characterized 

by the fact that the pressure-responsive and the 
pressure-sending means each comprise a cham 
ber formed in said rigid body, that each of said 
chambers is closed by a diaphragm the edges of 
which are clamped in a pressure-tight relation 
ship to the rigid body and that the middle por 
tions of such diaphragms are secured to the 
beam. 

5. A device according to claim 2 characterized 
by the fact that the rigid body has a pressure 
tight volume chamber therein which is con 
nected by a passageway providing unobstructed 
communication between the sending chamber 
and volume chamber, which volume chamber pre 
Vents vibration of the valve stem and pressure 
sensitive member associated therewith. 
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